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.MET.ElOD AND APPARATUS FOR TRANSDERMAL STIMULATION 0 :111 

PALMAR AND PLANTAR SURFACES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 [00011 This application is a continuation of U.S. Patent Application. Serial No. 

13/840,936 filed March 15, 2013, which is a continuation in part of PCT International Patent

Application Number PC.TiliS2011/052415, filed September 20, 201 1, which claims benefit of 

priority to U.S. Provisional Patent Application Serial No. 61/403,680 filed September 20, 

2010, The present application is also a continuation-in part of U.S.. Patent Application Serial 

10 No. 12/508,529 filed. July 23, 2009, which is a continuation-in-part of U.S. Patent Application 

Serial No. 11/866,329 filed October 2, 2007, which claims priority to U.S. Provisional Patent 

Application Serial No. 60/848,720 filed October 2, 2006. Each of the above referenced 

applications is incorporated herein by reference in their entirety. 

[00021 The following applications are also incorporated herein by reference in their 

15 entirety for all purposes: PCT Application Serial No. PCTIUS10/54167 filed October 26, 

2010; PCT Application Serial No, PCTIUS10/054353 filed October 27, 2010; U.S. Patent 

Application Serial No, 12/508,529 tiled July 23, 2009, which is a continuation in part oftS. 

Patent Application Serial No. 11/866,329 filed October 2, 2007, which claims priority to U.S. 

Provisional Patent Application Serial No. 60/848,720 filed October 2, 2006; U.S. Patent 

20 Application Serial No. 12/695,087 filed January 27, 2010, which is a continuation of U.S. 

Patent Application Serial No. 11/332,797 filed January 17, 2006; U.S. Patent Application 

Serial Nos. 12/509,362. tiled July 24, 2009; 12/469,365 filed May 20, 2009 which is a 

continuation of U.S. Patent Application Serial No, 11/866,329 filed October 2, 2007 which 

claims priority to U.S. Provisional Patent Application Serial No_ 60/848,720 filed October 2, 

25 2006, and 12/469,625 filed May 20, 2009 which is a continuation of U.S. Patent Application 

Serial No. 11/866,329 filed October 2, 2007 which claims priority to U.S. Provisional Patent. 

Application Serial No. 60/848,720 filed. October 2, 2006; and 12/509.304 filed. July 24, 2009 

which is a continuation of U.S. Patent Application Serial No. 121508,529 filed July 23, 2009 

which is a continuation-in-part of U.S. Patent Application Serial No. 11/866,329 tiled October 

30 2, 2007 which claims priority to U.S. Provisional Patent Application Serial No. 60/848,720 

filed October 2, 2006; and 12/509,345 filed July 24, 2009 which is a continuation of U.S. 
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Patent Apphcation Serial No. 12/50S,5µ9 Medi illy 23, .2009 which is a continuation-in-part of 

U.S. Patent Application Serial No_ 11/866,329 filed. October 2, 2007 which claims priority to 

U.S. Provisional Patent Application Serial No. 60/848,720 filed. October 2, 2006. 

5 

FIELD OF •THEINVENVON 

[00031 The present apparatus and methods relate generally to energy emitting 

apparatus and methods for providing a medical therapy_ The appara€us and methods may 

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

10 

BACKGROUND 

[00041 The 0.AB and UI market in the United:States is =ell over .a:$12 Oillion a year 

industry. It affects over 16% of all Americans, for a total U.S. market of approximately 34 

million men and women each year. Due to social stigmas attached €o OAB and Ul, as well. as 

15 misunderstanding of the signs and symptoms associated with GAB and UI, only 40% of those 

affected (13.6M) seek treatment. Of those 13.6 million individuals, nearly 30% are unsatisfied 

with their current therapy,. 

00051 The use of pulsed eleetromagnetiCStioinlation (PES) has been .well.established. 

as a beneficial therapy in a varie • of medical applitatiOns, Tie scientific principle behind this 

20 technology is that an electric ,current passed through a coil will generate an electromagnetic 

field. These fields, in turn, have been shown to induce current wi€h.in conductive materials 

placed within the field, When applied to the human body, pulsed electromagnetic stimulation 

has been found to be an effective method of stimulating nerves resting within the. 

electromagnetic field. Recent data highlights the beneficial eff=ects of invasive, needle-based 

25 electrostituulation (ES) of the posterior tibial nerve in individuals with OAB and UT. ES has 

been found to modulate bladder dysfunction through its action on the pudendal nerve and the 

sacral plexus which provides the major excitatory input to the bladder. 

100061 Current treatment options for GAB and are exercise arid behavioral 

modifications, pharmacological therapies, surgical intervention, and neuromodulation. 

30 Although each of these treatment options targets the Ul and 0.AB populations, each has severe 

'limitations. 
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[00071 Exercise and behaViOral intodifiCatiOnSAle.nrequite patients to adhere to. 

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

exercise regiments. While this may be a viable op€ion for a small group of highly. ded€cated 

individuals, its daily impact on one's life makes it an unattractive option for most individuals. 

5 [00081 Pharmacological intervention is the most widely prescribed therapy for OAB 

and Gi. Unfortunately, as with the ingestion of any chemical, patients are often subject to side 

effects from their drug therapy. This is especially detrimental m older and elderly patient 

populations where interaction with other prescribed medications can have adverse effects. 

Further, there is a high rate of .dissatisfaction, approximately 30%, amongst individuals using 

10 pharmacological treatment. 

[00091 Surgical intervention is an extremelyinvagive treatmentandofien. results in the 

long-term, and in some cases permanent, requirement for catheterization. The high expense:0 

these procedures, coupled with the negative impact the procedures have on the patients quality 

of life, make this an option only when all other treatment options have been exhausted. 

15 [00101 Nemo-modulation is another treatment alternative for OAB andth patients. 

Sacral nerve stimulation (SNS) has shown itself to be an effective treatment option for those 

with OAB or However, the procedure requires the permanent implantation of an. electrical 

stimulation device in the patient. One 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 failure, 

20 implant infection, and electrode migration, lead to a high reoperation rate and make this 

procedure unattractive. 

[0011] More recently, the introduction of a posterior tibial nerve stimulator, often

referred to as SANS. has shown itself to be another neuromodulation alternative_ Yet as is the 

case with other forms of neuromodulation, €his system is invasive in its nature_ it requires the 

25 insertion of a needle two inches into the patient's ankle region in order to stimulate the 

posterior tibial nerve, As well, it. requires a minimum of 12 sessions for initial treatment, wide

the possibility of additional sessions needed for maintenance. Despite its high cost and 

invasive nature, though.. an. abundance of published peer-reviewed clinical. .trials demonstrate 

the safety and efficacy of the SANS therapy. 

30 
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SINMARY 

[00121 in certain variations, a method for providing transdermal electrical stimulation 

therapy to a patient is provided. The method may include positioning a stimulator electrode 

over a glabrous skin surface overlying a target nerve of a subject. Electrical stimulation may 

5 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. Electrical stimulation may be 

delivered at frequencies that may be painful or intolerable when applied over non-glabrous 

surfaces of the body. The electrical st:imula€:ion may be utilized to treat various conditions, 

e.g., urinary incontinence and overactive bladder. 

10 [00131 in certain variations, an applicator, e,g.„ an ergonomic applicator, for providing 

transdermal electrical stimulation therapy to a patient is provided. The applicator may be 

configured to position a stimulator electrode over a glabrous skin surface of €he subject to 

deliver transdemial electrical stimulation through or a.cross the glabrous skin surface to an 

underlying target nerve, resulting in stimulation of the target nerve. 

15 [00141 in certain variations, a method for providing an energy based stimulation 

therapy to a subject is provided. The method may include positioning an energy emitting 

device in proximity to a glabrous surface overlying a target tissue. Energy may be delivered 

through the glabrous skin surface to the target tissue to stimulate the target tissue. 

[00151 in certain variations, another method for providing an energy based stimulation 

20 therapy to a sub€e.ct is proved. The method may include. positioning an energy emitting device 

in proximity to a skin surface overlying a target nerve. Energy may be delivered at a 

frequency of about 1 Hz to about 30 Hz through the skin surface to the target nerve, thereby 

generating motor and/or sensory nerve conduction of the target nerve while remaining safe arid 

tolerable to the subject. Optionally, energy may be delivered at less than 10 Hz to generate 

25 nerve conduction. 

100161 In certain variations, systems for electromagnetic induction therapy may 

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

configured to 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 electr€cal conduction in 

30 the target nerve, to detect a muscular response caused by. an electrical conduction in the target 

nerve, or to detect stimulation of a nerve, muscle or other body tissues and to provide feedback 
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about the efficaty:Ofthe applied electromagnetic inductiOn therapy. A controller iia 

communication with the sensor may be adjustable to vary a current through the at least one 

coil so as to adjust. the magnetic field focused upon the target nerve, muscle or other body 

tissues. Optionally, a user or patient may detect stimulation of a nerve, muscle or body tissue 

5 and the therapy may be adjusted based on feedback. from the user or patient. 

[0017] In certain variations, the applicator may be configured to intermittently apply or 

deliver pulsed magnetic fields to a. target nerve, muscle or tissue without causing habituation 

of the target rterve muscle or tissue. 

00181 In certain variations, methods of electromagnetic induction therapy may include 

10 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 to or in 

proximity to a first portion of a patient's body, such that a target nerve, muscle or tissue within 

the first portion of the body is in proximity to one or more conductive coils disposed within or 

along the applicator. A current may be passed through a coil to generate a magnetic field 

15 focused on the target nerve, muscle or tissue. An electrical conduction through the target 

nerve, a muscular response caused by an electrical 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 body. A signal. from the sensor indicative of the electrical. conduction or 

stimulation may be received, which provides feedback about the efficacy of the applied 

20 electromagnetic induction therapy. The current may be adjusted by a controller in 

communication with the conductive coils based on the feedback., 

10019] Optionally, a user may detect stimulation of a. nerve, muscle or body tissue and 

the therapy may .be adjusted based on feedback from the user. In certain variations, pulsed 

magnetic fields may be intermittently applied or delivered a target nerve, muscle or tissue 

25 without causing habituation of the target nerve, muscle or tissue. Such intermittent magnetic 

fields may be used to treat chronic conditions, e.g., chronic pain, without causing habituation. 

[00201 In certain variations, applicators may be ergonomic or nlay be designed. or 

configured to accommodate, approximate or be positioned relative to or in proximity to 

specific regions of the body or anatomy. The specific regions of the body or anatomy may be 

30 positioned relative to the applicators, or the applica€ors may be positioned relative to the 

specific regions of the body or anatomy to treat various conditions, for example, osteoarthritis, 

5 
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arthritis,baCk.or neekvait,ltiophy otpat'alysis,:Chron e pain, phantom or neuropathic pain, 

neuralgia, migraines, orthopedic conditions. 

[00211 Other features and advantages will appear hereinafter. The features:APO 

elements described herein can be used separately car together, or in various combinations:of 

5 one or more of them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

100221 The drawings constitute a part of this specification and include exemplary 

embodiments of the invention, which may be embodied i€€ various forms. It is to be unders€ood 

10 that in some instances various aspects of the embodiments may be shown. exaggerated or 

enlarged to facilitate an understanding of the embodiments. 

[00231 FIG. I is a schematic view of an apparatus far niagne€ic induction erapy 

according to a first variation. 

[00241 FIG. 2 is a schematic view of an apparatus for magnetic induct. on therapy 

15 according to a second variation. 

[00251 

according to. 

[00261 

FIG. 3 is a schematic view of an apparatus for magnetic induction therapy 

third variation. 

FIG, 4 is a schematic view of an apparatus for magnetic ia3duc€don therapy 

according to a fourth variation. 

20 [00271 FIG. 5 is a schematic view of an apparatus for magnet.c induction therapy 

according to a fifth variation. 

100281 FIGS. 6A-6D are schematic illustrations depicting a first method of use of an 

apparatus for magnetic induction therapy. This method is based on adjusting the position of the 

conductive coils so to optimize a magnetic flow applied to a target nerve. 

25 [00291 FIGS. 7A-7D are schematic illustrations of a second method of use of an 

apparatus for magnetic induction therapy. This method is based on locking the conductive 

coils in position once electrical conduction in a target nerve has been detected. 

[00301 FIG. S is a schematic view of a variation that includes a plural€ty of sensors. 

[00311 FIGS. 9A-90 are schematic representations of different garments adapted to 

30 operate as apparatus for magnetic induction therapy. 

100321 FIG. 10 is a schematic view of an apparatus tbr providing electrical stimulation. 
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[00331 F10, 11 is a. SOhematiC: view' of another Variation of an. apparatus for providing 

elec€rical s 

[00341 FIG. 12 .shows a. schematic view of an energy emitting system includinga. 

microneedle atch sensor. 

5 [00351 FIG. 13-15 shows Magnified bottom views of variations of microneedle 

patches. 

[00361 FIGS. 16-17 shows magn€tied side views of variations of a microneedle. patch

[00371 FIG, 18 shows a magnified bottom perspective view of a microneedle patch. 

100381 FIG, .19 shows a. representative cross sectional view of the skin composed of an 

10 outer stratum corneum covering the epidermal and dermal layers of skin. and. the underlying 

subcutaneous tissue, 'with a variation of a microneedle patch attached thereto. 

[00391 FIG. 20a slows a magnified side view of a variation of a microneedle patch 

including multiple electrodes. 

[00401 FIG. 20b-20D show variations of a mic needle patches incl. g 

15 electrodes. 

[0041.1 FIG, 2.1 shows a schematic view of an energy emitting system including a 

microneedle patch sensor placed behind a subject's knee. 

[00421 FIGS. 22-23 show schematic views of energy emitting systems including an 

electrode needle and sensor. 

20 [00431 FIGS. 24-25 show schematic views of energy emitting systems including an 

electrode needle:. without a sensor. 

[00441 FIG. 26 shows a schematic view of an energy emitting system including a. 

microneedle patch for providing stimulation. 

[00451 I  27-28 show schematic views Of energy emitting:systeips including. an 

25 electrode needle and microneedie patch for providing stimulation. 

[00461 FIG. 29a-29d show a prospective, side, top and rear views of an energy 

emitting device in the form of a foot cradle. 

[00471 FIGS 30a-30b show schematic views of art energy emitting device in the form 

of a knee support. 

30 [00481 FIG& 31a-31b shows a schematic view of a variation of an arm applicatr r acid r, 

foot, knee or leg applicator. 
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[00491 FIG, a. shows: .a schematic view °fa variation of a back applicator. 

[00501 FIG. 33 shows a schematic view of a variation of a system including a back 

applicator, a sensor and logic controller. 

)00511 FIG. 34 shows a schematic view of system including multiple (back applicators, 

5 a sensor and logic controller. 

[00521 FIG. 35 shows a schematic view of a variation of a system including a back 

applicator held on a patient's body by an ergonomic positioning element in the form of a belt 

and a logic controller. 

100531 FIG, 36 shows a schematic view of a variation of an applicator designed to 

10 stimulate a nerve responsible for phantom or neumpathic pain. 

[00541 

[00551 

placed 

[00561 

V 

FIG. 37 shows a schematic view of a variation of a facial neuralgia applicator. 

FIG. 38 shows a. schematic view of a sraria€ton of an applicator which ma be 

r the occipital nerve for the treatment of migraines. 

FIG. 39 shows a schematic view of a variation of an applica€or which may be 

15 placed over the frontal cortex for the treatment of depression. 

[00571 FIG, 40 shows a schematic view of a variation an applicator in the form of a. 

stimulator coil. platform for positioning one or more coils in proximity to a knee or popliteal 

DOW. 

[00581 FIG. 41 shows a schematic view of a system including a variation of a back 

20 applicator held on a patient's body by an ergonomic positioning element in the form of a 

shoulder harness, a sensor, and a logic controller. 

)00591 Figures 42A and 42B show an example of how the amount of stimulator power 

required to ach.ieve a desired stimulus may be automatically adjusted as a result of fibroses. 

[00601 Figures 43A and. 4313 show variations of a coil device positioned on a skull. 

25 [006.1.1 Figure 44 shows a view of the underside or glabrous surface of the foot and 

exemplary sites for delivering electrical stimulation. 

[00621 Figure 45 shows a perspective view of one variation of an insole for delivering 

electrical st.imulatio.n over a glabrous surface of the foot. 

[00631 Figure 46 shows a perspective view of a variation of an insole for delivering 

30 electrical stimulation over a glabrous surface of the foot, including a sensor feedback feature. 
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[00641 Figure 47 -MIow S a. perspective view of one variation of electrodes for delivering 

electrical stirrtulation over a glabrous surface of a foot. 

[00₹i51 Figure 48 shows a perspective view of one variation of a hand applicator for 

delivering electrical stimulation over a glabrous surface of a hand. 

5 [00661 Figure 49 shows a perspective view of one variation of electrodes I'm delivering 

electrical stimulation over a glabrous surface of a hand. 

[00671 Figure 50 shows an example of an. CMG reading. 

DETAILED DESCRIPTION 

10 [00681 in certain variations, various apparatus and methods for providing magnetic 

induction therapy or electrical stimulation therapy are provided. In certain variat€ons, various 

apparatus and methods may provide .1'm central and peripheral nerve and other tissue 

modulation or stimulation therapies, including both excitation and blocking of nerve impulses. 

hi certain variations, a low frequency induction therapy may be performed. En .certain 

15 variations, these apparatus and methods may be useful in the treatment and prevention of 

urinary incontinence (UI), overactive bladder '0 B) and other conditions.. 

1006911 In certain variations, apparatus and methods for magne€ic induction therapy, in 

which dosage of magnetic energy can be regulated. according to conduction. in a target nerve 

exposed to the magnetic field are provided. 

20 [00701 In certain variations, apparatus and. methods for magnetic induction therapy, in 

which the tlo > of magnetic energy can be adjusted directionally by the patient or a healthcare 

provider without altering the position of a housing, containing conductive coils that produce the 

magnetic. field are provided. 

[00711 In certain variations, apparatus and inethod0Oilreatinga variety Ef ailments by 
25 providing energy to a target nerve, .for example magnetic energy, electrical. energyor 

ultrasound energy, at a location and in an amount optimized by detecting conduction in. the 

target nerve are provided. 

[00721 In certain variations, an energy emitting apparatus for delivering a medical 

therapy that includes one or more energy generators, a logic controller electrically connected 

30 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 logic controller is provided. The one 
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or more. energy .generators produce energy focused:. on the targernerVe. upon reeeiVing.a signal 

from the logic controller, and the applied energy is varied. by the logic controller according to 

an input provided by the one or more sensors based on electric conduction in the target nerve. 

The feedback provided by the sensors to the logic controller about the efficacy of the applied 

5 treatment causes the logic controller to modulate the current transmitted to the coils. 

[00731 The applied energy may be a magnetic field, an electrical field, an ultrasound, a 

visible light, or an infrared or an ultraviolet energy. When a magnetic field is applied, the 

energy-emitting device is an apparatus that provides a magnetic induction therapy and that 

includes one or more conductive coils disposed in an ergonomic housing. A logic controller is 

10 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 controller so to provide a 

feedback to the logic controller. The conductive coils receive an elec€ric current from the logic 

controller and produce a magnetic field focused on a target nerve, and the electric current fed 

by the logic controller is varied hy the logic controller according to an input provided by the 

15 sensors, thereby causing amplitude, frequency or direction of the magnetic field, or the firing 

sequence of the one or more coils, to be varied according to the efficiency of the treatment 

provided to the target nerve. In certain variations, the housing containing the conductive coils 

may be a flexible wrap, a cradle or a garment, and the coils may be overlapping and/or be 

disposed in different positions within the housing, so to generate a magnetic field on different 

20 body parts with the desired direction and amplitude. 

[00741 The one or more coils may be stationary or movable within the housing, 

making it possible to optimize the direction of magnetic flow to the target nerve by disposing 

the coils in the most effective direction. In different variations, the coils may be movable,

manually by acting on a knob, lever, or similar type of actuator, or may be translated 

25 automatically by the logic controller in response to the input provided by the sensors. When a 

preferred position for the co€ls has been established, the coils may be locked in position and 

maintain that position during successive therapy sessions. In other variations, the sensors may 

be incorporated within the housing, or instead may be disposed on a body part of interest 

independently of the housing. 

30 [00751 In still other variations, the inductive coils are disposed in a housing that 

situated externally to a patient's body, and additional inductive coils are implanted into the 

10 
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body:Of thepatient and are magnetiCally coupled €to the external inductive coilS: With thistfitil 

arrangement, energy may be transmitted from the external coils to the internal. coils either to 

recharge or to activate an implantable device. In yet other variations, the electric current may.

varied by the logic controller both on the basis of an input provided by the one or more sensors 

5 and also an input provided by the patient according to a muscular response she has perceived, 

for example, the twitching of a toe after application of the magnetic field. 

100761 In vet either variations, the source of energy fur nerve stimulation may he 

electrical energy and nerve conduction may be detected at a site sufficiently distant from the 

site of stimulation, so to enable detection of nerve conduction despite any interference from 

10 the direct electrical stimuli. In these variations, direct electrical stimulation of nerve and 

muscle may he tailored. to provide optimal therapy and, in the case of electrode migrat€on 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 to the signal generator loop. 

15 [00771 in other variations, an energy emitting system fur providing a medical. therapy 

is provided. The system may include one or more conductive coils disposed within or along a 

housing and configured to generate a magnetic -field focused on a target nerve in proximity to 

coils; one or more sensors in the form of .microneedle patch configured to detect electrical 

conduction in the target: nerve; and a controller coupled to the conductive coils and optionally 

20 in communication with the sensor. 

100781 In other variations, an energy mining :system for providing a medical therapy 

is provided. The system may include one or more microneedle patches having one or more 

microneedle arrays deposited on a surface of one or more electrodes and configured to 

generate or deliver an electrical or magnetic stimulus or field focused on a target nerve in 

25 proximity. to the microneedle patch; one or more sensors configured to detect electrical. 

conduction in the target nerve; and a controller coupled. to the conductive coils and optionall

in communication with the sensor. Optionally, the above variations may incorporate an 

electrode needle. Optionally, the above variations or systems may be utilized without a sensor 

or mechanism for detecting conduction or stimulation. 

30 [00791 Methods of use of the above apparatus, systems and variations thereof for 

treating various conditions are also described herein. 
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[00801 Referring first to FIG. 1, alirSt.variation includes .a.coil wrap 20, Which is 

depicted as disposed over ankle 22 circumferentially to surround a por€ion of €ibial nerve 24. 

Because tibial. nerve 24 is targeted. this variation is particularly suited for the treatment of 

OAB and VI, In other variations, con wrap 20 may be configured to surround other body parts 

5 that contain a portion of tibial nerve .24 or of other nerves branching from or connected to 

tibial nerve 24, still making these variations suitable for treating .0AB and In still other 

variations, coil wrap 20 may be configured for surrounding body parts that contain other 

nerves when €:reatmen€:s of other ailments are intended. 

00811 Coil wrap 20 may he manufactured from a variety of materials suitable for 

10 wearing over ankle 22. Preferably, coil wrap is produced. from a soft, body-compatible 

material, natural or synthetic, for example, cotton, wool, polyester, rayon, Gore-Text, or other 

fibers or materials known to a person skilled in the art as non-irr'ta€ng and preferably 

breathable when tailored into a garment. Coil wrap 22 may even be manufactured from a 

molded or cast synthetic material, such as a urethane gel, to add extra. comfort to the patient by 

15 providing a soft and drapable feel. Additionally, coil wrap 20 may be produced from a. single 

laver of material or from multiple material layers and may include padding or other filling: 

between the layers. 

00821 Coil wiap 20 contains one or more.couductiye.:thas...20 arranged to produce a. 

pulsed magnetic field €hat will flow across tibial. .neiye,24. and generate a current that will flow 

20 along tibial nerve 24 and spread. along the length of tibial nerve 24 all the way to its sacral or 

pudendal nerve root origins. Coils 26 may be a single coil shaped in a simple helical pattern€ or 

as a figure eight coil, a four leaf clover coil, a Helmholtz coil, a. modified Helniholtz coil, or 

may be shaped as a comb€na€tion of the aforementioned coils patwriis. Additionally, other coil 

designs beyond those mentioned here€.nabove .might be utilized as long as a magnetic field is 

25 developed that will encompass tibial nerve 24 or any other target nerve. When a plurality of 

coils is utilized, such coils may be disposed on a single side of ankle 22, or may be disposed. 

on more than one side, for example, on opposing sides, strengthening and directionalizing the 

flow of the magnetic field through tibial nerve 24 or other peripheral. nerves of interest,. 

[0083! Coil wrap 2.0 is preferably configured as an ergonomic wrap, for example, as an 

30 essentially cylindrical band that can be pulled over ankle 22, or as an open band that can be 

wrapped around ankle 22 and have its ends connected with a buckle, a hoop and loop system, 
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Or any Other closirigSystent known•to .apersOn skilled in the an. By proj erlyadjuSting the. 

position of coil wrap 20 over ankle 22, a patient 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. 

5 [00841 The electric current that produces the magnetic field by floWing through coils 

26 is supplied by a programmable logic controller 28, which is connected to coils 26, for 

example, with a power cord 32. A. sensor 30 that feeds information to logic controller 28 is 

also provided, €n order to tailor the strength of the magnetic field and control activation of 

coils 26 based on nerve conduction. The purpose of sensor 30 is to detect and. record the firing 

10 of the target nerve and to provide related information to logic controller 28, so to render the 

intended therapy most effective. For example, sensor input may cause logic controller 28 to 

alter the strength or pulse amplitude of the magnetic field based on sensor input, or fire the 

coils in a certain sequence. 

[00851 In this variation, as well as in the other variations described hereinafter, sensor 

15 30 may include one or more sensor patches and may be placed at different distances from 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 EKG patch 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 hereinafter to indicate "one or more coils" and "sensor" to indicate "one or more 

20 sensors," unless specified otherwise. 

[00861 By virtue of the above described arrange tent,  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, in some variations, measured when coil wrap 20 is first fitted and fine-tuned  on the 

25 patient. In addition to properly modulating the applied magnetic field, the positioning of coils 

26 over ankle 22 may also be tailored according to the input provided by sensor 30, so to fine 

tune the direction of the magnetic field, Such an adjustment of the direction, amplitude, and 

level of the stimulation provided to the target nerve through the above described automa€ed 

feedback loop, to ensure that peripheral nerve conduction is being achieved, is one of the key 

30 features_ 
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[008.7] If .the magnetiepulse. 400$.fiCit substantially interfete.With sensor 30.,:SenSrit 30 

may be placed directly within the field of stimulation,. so that power supplied to the system 

may be conserved. This is partictilarly important for battery-powered systems. Alternatively, 

sensor 30 may also be placed at a distance from the magnetic field and. still properly detect 

5 neural. stimulation. 

[0088! In a method of use of coil wrap 20, the ampl€tude and/or firing sequence of 

coils 26 may be ramped up progressively, so that the magnetic f.eld is increased in strength 

and/or breadth until nerve conduction is detected, after wh€ch the applied stimulus is adjusted 

or maintained at. its current level for the remainder of the therapy, The level of stimulation may 

10 be also controlled through a combination of feedback. from sensor 30 and feedback based on 

perceptions of the patient. For example, the patient may activate a switch onc€ she perceives 

an excessive stimulation, in particular, an excessive level of muscular stimulation.. irr. one 

instance, the patient may be asked to push a. button or turn a knob when she feels her toe 

twitching or when she experiences paresthesia over the sole of her foot. The patient will then 

15 continue pressing the button or keep the knob in the rotated position until she can no longer 

feel. her toe twitching or paresthesia in her foot. indicating that that level of applied stimulation 

corresponds to an optimal therapy level. From that point on, the patient may be instructed to 

simply retain her foot, knee, or other limb within coil wrap 20 until therapy has been 

terminated while the system is kept at the optimal level. Adding patient input enables control 

20 of coil wrap 20 during outpatient treatments, because the patient is now able to adjust the 

intensity of the magnetic field herself beyond the signals provided €o logic controller 2$ by 

sensor 30. 

[00891 Detecting and, if the case, measuring conduction in one or more nerves along 

the conduction pathways of the stimulated nerve confirms that the target nerve has been 

25 stimulated, providing an accurate assessment of the efficiency of the applied therapy on the 

patient. A concomitant detection of muscle contraction may also, confirm that the target nerve 

is being stimulated and provide an indication to the -patient or to a healthcare provider as to 

whether stimulation has been applied at an excessive level in view of .the anatomical and 

physiological characteristics of the patient. 

30 [00901 Based on the foregoing, coil wrap 20 allows for a consistent, .user-friendly 

targeting and modulation of the peripheral. nerves via the posterior tibial nerve on an outpatient
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partiettlarthe.targeting and modulation of.€he pudendal nerve: and of th0Wral 

plexus. When multiple coils 2£ are present, coils 26 may be activated' simultaneously or 

differentially to generate the desired magnetic field. The direc€ion and location. of each of coils 

26 may be reversibly or irreversibly adjusted by the healthcare provider or by the patient. 

5 cus€omizing the location. of the applied stimulation to the anatomy and therapy needs of each 

patient. After a healthcare provider has optimized position and firing sequence for each of 

coils 26, the patient. may be sent home with coil wrap 20 adjusted to consistently target the 

desired nerve. In one variant of the present variation, an automatic feedback system adjusts 

one or more of firing sequence, firing strength or position of coils 26 within. coil wrap 20 

10 during the initial setup and also during successive therapy sessions. 

[0091) In summary, certain variations include the creation of a loop consisting: of 

feeding information on nerve conduction to logic controller 28 and on logic controller 28 

tailoring the electrical current sent to coil wrap 20 according to the information received. from 

sensor 26 based on whe€her or not the nerve is receiving, the desired stimulation and, in sonic 

15 variations, the desired amount of stimulation. 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 'he attained. Aside from adjusting the position of coils 26 in 

accordance with the patient's anatomy and physiological variations, controlling pulse 

amplitude is also of great importance even during different therapy sessions with the same 

20 patient. For example, a patient with leg edema will encounter difficulties in properly adjusting 

coil wrap 20 based on whe€her 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 greatly 

due to the variable depth of the nerve_ Thus, having feedback provided by sensor 26 becomes a 

necessity achieving an accurate dosage of the treatment rather than an option. l3euchtop 

25 testing has demonstrated that a system constructed as described herein is capable of non-

invasively generating electrical currents similar to those found in therapeutic electro-

stimulation and to do so in different settings,. 

[00921 Referring now to FIG. 2, a second variation >ill be described with reference to 

a coil wrap 34 disposed over ankle 36 for the purpose of treating VI by targeting tibial nerve 

30 38. In this second variation, one or more Helmholtz coils 40 are disposed within coil wrap 34 

to create a more narrowly directed magnetic field over tibial nerve 38. Like in the all other 
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VatiatiOns.deSeribed .hereikinOrelnan one coil (in the. present variation, more than one 

Helmholtz coil 40) may be placed within coil wrap 34.and be disposed in different positions 

within coil wrap 34, in 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, 

5 [00931 Having coil windings arranged along a commo€€ longitudinal axis, as ref. 'red 

in a Helinholtz coil conf€guration, generates a more focused magnetic field and a more 

accurate targeting of tibial nerve 38 or of any other nerve, Like in the previous vraviation, the 

operation of coils 40 is controlled by a logic controller 42, which is in turn connected to sensor 

44 that monitors conduction in tibial nerve 44 and that generates a feedback to logic controller.

10 42 about the efficiency of the therapy in progress. Therefore, like in the previous variation, the 

coupling of sensor 44 with logic controller 42 optimizes operation of coil wrap 34 according to 

results measured at the level of tibial nerve 38. Also like i€r the previous variation, manual 

adjustments to the parameters of electric current provided by logic controller 4.2 to :Helmholtz 

coil 40 may also be made manually by the patient or by a healthcare provider, and coil wrap 34 

15 may be structured so €hat the position of Helmholtz coil 40 within coil wrap 34 is adjusted as 

desired either manually by the patient or by a healthcare provider, or automatically by logic 

controller 42. 

[009+1 Referring now to FIG. 3, a third variation includes.a..coil Wrap 46.tonligured. 

for wrapping over the popliteal fossa of a patient, in the region of the. knee, to stiinulate the 

20 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 coil wrap 46, such as 

the type, number and disposition of the coils (for example, the use of overlapping coils); the 

connections of the coils with a logic controller.; and the use of one or more sensors (also not 

shown) to detect nerve conduction are all comparable to those in the previously described 

25 variations. 

100951 Referring now to FIG. 4, a fourth variatio€h include :1:a footrest:Oil:10 cradle4Iii, 

which is structured to contain at least a. portion of a foot 50. One or more coils 52 are enclosed 

within cradle 48, and a sensor 54 is disposed along the pathway of tibial nerve 55, sensing 

conduction in tibial nerve 55, and is also connected to a logic controller 56. Coils 52, sensor 54 

30 and logic controller 56 may be arranged in different configurations, in the same manner as in 

the preceding. variations. 
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[0096.1 Cradle 48 :€i  be made from variety Of mater al  'nay be monolithit,:. Or 

have a. hollow or semi-hollow structure to enable the movement of coils 52 within cradle 48, as 

described in greater detail below. Preferably, cradle 48 has an ergonomically design allowing 

the ankle and heel of the patient to be retained within cradle 48. in a position that matches the 

5 positions of stimulating coils 52 to the area of stimulation. The design of cradle 48 provides 

for a partictilarly comfortable delivery of therapy to patients that prefer to remain seated during 

their therapy, and enables the patient to pertbrm the required therapy within a health care 

facility, or to €:aloe cradle 48 home, typically after an initial session and appropriate training in a 

health care facility. In that event, the patient will be trained to apply sensor 54 autonomously 

10 and to adjust .stimulation to a comfortable level. 

[0097) FIG. 4 Shows coils 52 disposed as overlapping and the use of a single sensor 

patch 54 positioned proximally to the stimulation site. However, coil 52 may be configured as 

a single coil, a figure eight coil, a four leaf clover coil, a Helmholtz coil, a modified Helmholtz 

coil or a any combination of the aforementioned coils, or as any other coil design providing an 

15 effective stimulation to the target nerve. In addition, coils 52 may be tired individually, 

sequentially or simultaneously according to the feedback provided by sensor 54. 

100981I In one variant of this variation, sensor 54 may include a conductive electrode 

patch that provides a feedback to logic controller 56 for ad usting, if necessary, the stimulation 

parameters of coils 52. Alternatively, sensor 54 may be a sensor patch that is either applied to 

20 the skin of the patient or is incorporated within the structure of cradle 48. 

[00991 Referrine now to FIG. 5, a fifth variation. includes a knee res€ or knee cradle 58 

that contains one or 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 to the 

preceding variations, as regards the structure and materials of cradle 58, the nature and 

25 disposition of coils 60, the type and operation of sensor 62, and the function and operation of 

logic controller 64. Cradle 58 is configured to target the popliteal fossa of the patient, thus to 

target tibial nerve 66. in that respect, the present variation is similar to the variation illustrated 

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 cradle that is more suited for 

30 treatment while the patient i.s sitting or laying down. 
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[01001 .A method.Ofusg.of the fOc t. cradle depicted in Ha 4 is described with refefeettejo 

FIGS. 6A-6D. :During a first step illustrated in FIG_ 6A, foot 68 is disposed in cradle 70 that 

contains one or more conductive coils 72., which are connected to a logic controller (not 

shown) that manages the flow of electric power to coils 72. 

5 [0.1011 During a second step illustrated in FIG, 613, 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 7.8 or in another target nerve. 

101021 During a third step illustrated in FIG,.6C,..a healthcare provider analyzes 

conductivity measurements provided by sensor 74(N-example, by reading gauge 77) and first 

10 adjusts the positioning of coils 72 until conduction in nerve 78 is detected.. For example, the 

healthcare provider may rotate a knob 80, slide a lever or actuate any other displacement 

system for coils 72 that is known in the art, so that coils 72 are €ranslated until a magnetic. field 

of the proper amplitude and intensity is applied to cause conduction in nerve 78. The position 

of coils 72 is then fine-tuned manually until an optimal level of conduction. in nerve 78 is 

15 attained, and the therapy is continued for a length of time as prescribed by the attending 

healthcare provider. 

101031 During: a fourth, optional step illustrated in FIG.. 6D, settings for successive therapy 

sessions are set, for example by locking knob 80 (in one variation, with a pM 81) so tl3a€ the 

healthcare .provider or the patient repeat the therapy using the predetermined settings. 

20 Alternatively, the patient may be trained. to adjust the amplitude andior strength of the applied

magnetic field, as each therapy session requires.. 

101041 While the present method. has been described with regard to foot. cradle 70, the 

same method steps may be envisioned for coil wraps or cradles of different configurations, fear 

exam.ple, for the coil wraps and cradles described with reference to the previous figures. 

25 [0105j In an alternative variation, the logic controller (not shown) may automatically 

adjust coil positioning to optimize therapy during the initial and successive sessions. While 

this set-up may be more diff€cul€ to implement, it also provides for an accurate targeting of the 

target nerve during each therapy session, regardless of alterations in patient positioning or 

changes to the anatomy of the patient (for example, when a foot is swollen). in this variation, 

30 the device simply varies the orientation of coils 84 until stimulation has been sensed. 
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[01061 FurtheicOilS..84 Maybe translated along A single direction (for example, 

horizontally) or alone a plurality of directions, to provide for the most accurate positiot of 

coils 84 with respect to the target. .nerve. 

101071 A second method of use of the fbot cradle depicted in FIG. 4 is described now with 

5 reference to FIG. 7. While this second method is also described wi€h reference to a toot cradle 

82 employing one or more coils 84 that have a reversibly lockable, adjustable orientation, the 

present method may be equally implemented with a body-worn coil wrap, such as those 

described with reference to the previous figures, or to other variations. In this method, the 

patient or the healthcare provider adjusts the positioning of coils 84 to detect conductivity in 

10 target nerve 89, 

[0108j The position of coils 84 may be translated. in different d€rections thi the illustrated 

variation, may be translated horizontally) and may be loCked.in an initial position once 

conduction in nerve 89 is detected by a sensor (for example, sensing patch 86). 

[0.1091 More particularly, Fla 7.A illustrates the initial positioning; of foot 88 into cradle 

15 82 and of sensor patch 86 on ankle 90 or other appropriate body part of the patient. After 

proper positioning of foot 88 is attained, a knob 92 (or other equivalent device) may be 

employed to adjust the position of coils 84. based. on the signals (for example, nerve 

conduction signals) provided by sensor patch 86., as shown in FIG. 7B. 

[01101 With reference to FIG. 7C, after neural conduction is detected., coils 84 are locked 

20 in place, and, with further reference to FIG. 7D, foot cradle 82 retains coils 84 locked in 

position for further use in a home car healthcare office environment. Therefore, in the present 

method, the patient or a healthcare provider simply adjusts coil pos€tron b sliding coils 84 

back and along one axis until electric conduction in the target nerve is detected, although 

adjustments along all three axes may he possible in different variants of the present variation. 

25 [01111 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 cradle 98, it should he understood that the 

following description also relates to any other design, whether shaped as a cradle or a wrap or 

otherwise_ The plurality of sensors 94 described herein may detect a variety of physiologic 

changes, including neural impulses, muscular contraction, twitch€ng, etc.. that may occur with 

30 neural or muscular stimulation. 
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[0112.1 One:or more. .Of the illustrated aensOrS 94..itay ht employe d over boc.ly rogiou. 

being stimulated (for example, back, leg, arm, peek, head, torso, etc) and may be either 

incorporated within an actual cradle or wrap or, otherwise., be applied separately from the 

cradle or the wrap. 

5 [0.1131 Sensors 94 may be structured as disposable. single-use, EKG-type patches that are 

attached to the body outside of cradle 98 along the nerve conduction pathway and are then 

connected to the logic controller (not shown) before beginning therapy. This arrangement 

provides for an intimate body contact of sensors 94 w€thout the risk of infection or other 

detrimental side effects that may he present with transcutaneous devices. Sensors 94 may. be 

10 employed both for beginning and for monitoring the stimulation therapy; more specifically, 

sensors 94 may be employed during the beginning of the therapy to optimize the strength of 

the magnetic field and/or to adjust the positionin1, of coils 96 within the cradle 98. Once 

therapy has begun, sensors 94 continue to monitor nerve conduction to ensure that the correct 

level of stimulation is being provided. In the event that for some reason. nerve conduct.€on 

15 decays during therapy, the logic controller can automatically adjust the magnetic field, 

ensuring that the appropriate therapy is delivered for the appropriate amount of time. 

1011411 One or more of sensors 94 in this variation, or any of the variations described 

herein, may take the form of an inductive coil. designed to receive impulses from the 

underlying nerves, so that inductive technologies may be used to both stimulate the nerve or 

20 tissues as well as to record the effect of the stimulation on nerves or tissues, Any of sensors 94 

may be connected to the logic controller through one or more connection modes, including, 

but not limited to, wireless signals, wired signals, radio frequencies, Bluetooth, infrared, 

ultrasound, direct switching of the current circuit, etc., so long as communication between the 

sensor and the device is effective. 

25 101.151 During implementation of the present method, a healthcare provider may simply 

elect to use sensors 94 to adjust the device, for example., to lock coils 96 into position, during 

the first therapy session and not require the use of sensors 94 during each successive therapy 

session. 

[01161 Referring now to FIGS. 9A-9D, there aro.Aown different non-limiting:variations. 

30 shaped as body worn ergonomic applicator garments_ Each of these variations is shown with 

overlapping coils, although coils of any configurations may be used. Each of the wraps of 
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FIQS; rresponds  into which a body part maybe-.placed. These 

aments contain one or more sensors (not shown) that provide feedback to a logic controller 

(also not shown), or sensors may be applied separately from those garments. Systems may also 

be included for reversibly or irreversibly locking the coils within the applicator. 

5 [0.1171 More particularly, l la 9A illustrates a variation, in which coils 100 are embedded. 

in a knee wrap 102 and are connected to a logic controller (not shown) by a connector 104. 

FIG, 9B instead illus€rates 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 to 

10 indicate wrap orientation. FIG. 9C illustrates a coil wrap shaped like a band 114, in which 

coils 116 are connected to a logic controller (not shown) by a connector 118. When this 

variation is employed, band 114 may be wrapped around a body portion (for example, an am 

and be retained in place by a system known in the art, for example, a hook and loop system, a 

strap and buckle system, or simply a hook disposed at one. end of band 11.4 -for engaging fabric 

15 or other material in another portion of band 114. FIG. 9D illustrates a variation shaped as a 

shoulder strap 120, the length of which may be adjusted. by a buckle 122 and which has coils 

124 disposed in one or more points, for example:, at the joint between an arm and a shoulder as 

shown_ Each of these variations includes one of ore SODSOTS €not shown) that may be coupled 

to the garment, or that may be applied. separately from the garment 

20 [01181 Other variations that are not illustrated include, bur are 'not limited to: a head. worn 

garment, such as a cap; a neck worn garment, such a.s a neck brace; and a. lower-back garment. 

Each garment and applicator may also utilize 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 to the target nerve or nerves has been established„ 

25 [01191 Still other variations are depicted in FIGS. 10 and 11. In these variations, the sour€.e

of energy for nerve stimulation is electrical energy that is dispensed through a percutaneous 

stimulator, such as a percutaneous needle 12.4, or a transcutaneous stimulator, such a.s an 

electrode 126. As shown in FIG. 10, an electrical pulse controller 128 is electrically connected 

both to percutaneous needle 124 and to sensor 134, to provide the desired feedback and 

3O modulate the power to percutaneous needle 134. In the variation of FIG. 11, electrical pulse 

controller 130 is connected both to electrode 126 and to sensor 136, and performs a function 
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attO.diat of electrical pulse co roller 12L i€lr theSeVariatiOnS, nerveconduetion May.

be detected at a site sufficiently distant from the site of stimulation, so to enable detection of 

nerve conduction despite the confounding interference from the direct electrical stimuli. 

F₹#rther_ direct electrical stimulation of nerve and muscle may be tailored to provide optimal 

5 therapy and, in the case of electrode mig₹at-ion of other electrode malfunction, to report lack of 

stimulation of the bodily tissues. Still further, these variations enable a reduction in power 

requirement, because control of the signal is provided by the sensor to the signal generator 

loop. 

01201 As shown, a device constructed according to the principles descr€bed. herein 

10 provides a. targeted and precise stimulation of the posterior tibial nerve, or of other peripheral 

nerves, in a non-invasive manner by employing an ergonomic wrap or cradle that specifically 

targets the posterior tibial nerve in a consistent and repeatable manner, For example, in 

patients with OAB or VI, the novel, reversibly lockable. movement of the coils and the use of a 

logic controller -sensor loop enables the application of a. magnetic field that can he varied in 

15 location, amplitude and strength according to the amount of stimulation actually- induced in 

one or more target nerves and of the response of the patient to the therapy. An apparatus 

according to the variations described herein may deliver any frequency of stimulation, 

including low frequencies, high frequencies, mid frequencies and ultrahigh frequencies, and 

overlapping and non-overlapping coils may be used to generate the desired field, although 

20 overlapping or Helmholtz coils are preferred due to their ability to target a broader region and 

achieve more thorough stimulation. 

[01211 Ailments that may be treated through the use of apparatus and methods as 

described herein include not only OAB and VI, but also obesity, depression, urinary 

incontinence, fecal incontinence, hypertension, pain, back pain, restless leg syndrome, Guillain 

25 Barre syndrome, quadriplegia, paraplegia, diabetic -polyneuropthy, dyskinesias, paresthesias, 

dental procedure pain, knee osteoarthritis, anesthesia (pain relief during surgery), Alzheimer's 

disease, angina (chest pain from heart disease), ankylosing spondylitis, back. pain, bum pain, 

cancer pain, chronic pain, dysmenorrhea (painful menstruation), headache, hemiplegia, 

hemiparesis (paralysis on one side of the body), labor pain, local anesthesia dur€ng gallstone 

30 lithotripsy, pain, trigemi.nal neuralgia., bruxism (tooth grinding) pain., rnyofascial pain, 

pregnancy-related nausea or vomiting, neck and shoulder pain, pain from broken bones, rib 
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fracture oracute trauma, diabetic peripheral neuropathy, phantom limb pain, post4ielpetic 

neuralgia (pain of€er shingles), postoperative ileus (bowel obstruction), irritable bowel 

syndrome, postoperative nausea or vomiting, postoperative pain, post-stroke rehabilitation, 

rheumatoid arthritis, skin ulcers, spinal cord injury, temporomandibular joint pain. detrusor 

5 instability, spinal muscular atrophy (in children), pain during hysteroscopy, gastroparesis, 

chronic obstructive pulmonary disease rehabilitation, carpal tunnel syndrome, soft tissue 

injury, multiple sclerosis, intermittent claudication, attention-deficit hyperactivity disorder 

(A1 HD), cognitive impairment, knee replacement pain, achalasia, atopic eczema, bursitis, 

carpal tunnel syndrome, dementia, depression, dry mouth, dystonia, enhanced blood flow in 

10 the brain, enhanced blood perfusion of the uterus and placenta, esophageal spasm, 

fibromyalgia, fracture pain, Guillain-Barre syndrome, hemophilia, herpes, hip pain, interstitial 

cystitis, irritable bowel syndrome, pruritis, joint pain, labor induction, local anesthesia, 

menstrual cramps, muscle cramps, muscle spasticity, muscle strain or pain, musculoskeletal 

trauma, mnyothscial pain dysfimction syndrome, nerve damage, osteoarthritis, pain medication 

15 adjunct, pancreatitis, Raynaud's phenomenon, repetitive strain injuries, sacral pain, 

schizophrenia, shingles, shoulder subluxation, sickle cell anemia pain, Skin flap ischemia 

(during plastic surgery), sphincter of Oddi disorders:, sports injuries, thrombophlebitis, tinnitus 

(ringing in the ear), restless legs, tremor, whiplash and neuralgias. In contrast to implantable 

nerve stimulators, this therapy is completely non-invasive and does not require a major surgery 

20 to implant a permanent nerve stimulation device. Moreover, this therapy can he controlled to 

optimize the level of therapy delivered according to power consumption and nerve stimulation 

requirements and need not be delivered by a. professional healthcare provider. 

[0.1221 In other variations, neural stimulation may be applied as electrical transcutaneous 

stimulation, for example, by inserting an invasive electrical needle into a target body part and 

25 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 in the body 

independently or be incorporated within the wrap and may provide, among other things, 

feedback as to the quality of the electrical connection to the skin, which is directly related to 

30 the bum risk inherently associated with this type of therapy. In -fact, these methods of 

stimulation may not be optimal due to the resulting skin irritation and risk of potential burns, a 
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Very serious issue iti:*.14gei.portOtttage of patientalhat haVeneuropathiesalEven when.

patches are applied to monitor transcutaneous stimulation very closely, the patches may still 

become displaced and allow a burn to occur. Moreover, po€entially interfering electrical 

impulses may develop at the treatment site, creating a noisy environment for the detection of 

5 nerve conduction. 

[01231 In still other variations, an external coil or coils mays be inductively connected to an 

implanted coil or coils may be utilized. In these variations, an ergonomic applicator may be 

adjusted by the user or by a healthcare provider such to optimize inductive power transmission 

between the external and implanted coils. One or more sensors may be utilized to provide a 

10 feedback that the relative coil positions have been optimized, and the external col. 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 impla€€table device,. and to the transfer

 power to activate an implantable device, 

[0.1.241 In the first application, when an implan€able rechargeable device is utilized, the 

15 external coils may be used for recharging the implanted device by means of inductive f€elds 

generated by the external coils. The external coils may include circuitry that determines the 

amount of resistance encountered by the magnetic field or other electrical 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 manually or automatically to 

20 optimize the coupling achieved with during each recharging session. Alternatively, a sensor 

may be incorporated into the implantable device and may communicate the degree and quality 

of the magnetic coupling to the external coils and/or the connected circuitry via wireless 

communication, providing a feedback for the automatic or manual adjustment of the external

recharging coils. 

25 [01251 The coils within the ergonomic applicator may fie reversibly locked into place for 

the duration of the recharge session, and the implantable device may also communicate to the 

external recharging unit that the implantable device has been fully recharged., terminating the 

recharging session has been completed.. By providing for an intermittent recharging of an 

implanted device, an apparatus according as described herein enables the implantable device to 

30 devote more power to performing its intended function optimally and with a lesser concern 

about protecting or extending battery life, 
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[01261 In the..SecOntLapplicatiOk the powerin€ coils May contain circuitry to determine the. 

amount of resistance encountered by the applied magnetic field, or other electrical properties 

that may reflect the quality and degree of the magnetic coupling that is being achieved., Based 

on this feedback, the powering coils in the applicator may be adjusted manually or 

5 automatically to activate and optimize the coil coupling at the beginning of each. therapy.

session„Alternatively, a sensor may be incorporated into the implantable device and 

communicate the degree and quality of the magnetic coupling externally via wireless 

communication, which may in turn provide feedback for the automatic or manual adjustment 

of the powering coil. In one variant of the present variation, the inductive coils may. he 

10 magnetically coupled to a needle targeting the posterior tibial nerve. 

[0127) An exemplary method of use of an apparatus as described herein on a. patient 

suffering from V1 and/or OAR includes the .following steps: 

101281 'The patient places a conductive wrap contained within a. flexible material over a. 

region of the ankle (or alternatively over the knee) to provide the required pulsed magnetic 

15 field. Alternatively, the patient may use an ergonomic foot/leg rest or cradle having embedded 

coils. 

101291 A sensor (for example, a sensor patch) is placed on the patient's body along the 

path of the nerve, ideally proximal to the stimulation site to ensure afferent nerve stimulation, 

and is connected to a logic controller. 

20 [0130) A physician or healthcare provider adjusts the coils in the wrap or cradle until 

nerve conduction is achieved based on patient and sensor feedback. An optimal position is 

sought, and the coils may be reversibly locked into position within the conductive wrap or 

ergonomic cradle and remain in this position during subsequent use. 

[01311 During the therapy session, the logic controller provides an electric current to the 

25 coils, generating an inductive magnetic field. in one variation, this field 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 coils may also be activated to increase the covered area of stimulation in the event that 

stimulation does not occur with the initial coil configuration or is inadequate 

30 [01321 The optimal stimulation may be determined in. a variety of manners, for example, 

by measuring, exposure to electromagnetic fields capable of generating a square wave electric 

25: 
Petitioner - Avation Medical, Inc.

Ex. 1023, p. 25



Attoriiey:POeketNoEMKNNZ0070Z 

Signal 4 .a:frequency of 10-30 at the targeted tissue depth. The. oare WaN.,'.e.Corifigtitation 

of the signal may be generated via Fourier transformation or may be a ramped current 

generated in any inanner. 

)01331 The inductive magnetic pulses continue for an appropriate duration of use, for 

5 example, for 1.5.3(1 minutes. The sensor may remain in place during the en€iire therapy session 

to ensure that stimulation occurs consistently and to provide for appropriate corrections if 

nerve conduction deteriorated. The logic controller may be powered either by, a portable power 

source such as a battery, or by or a fixed power source such as a traditional wall outlet. 

101341 The conductive wrap and/or ergonomic cradle is removed from the body when 

10 therapeutic stimulation is not being delivered, typically at the end of the therapy session. 

[0135) The conductive wrap and/or ergonomic cradle is reapplied along with the sensor 

patch (ideally disposable) from time to time as indicated, for example, on a daily basis, and 

steps 4-8 are repeated, 

10.1361 The devices and methods described herein may he applied to any body tissues, 

15 including nerve, .muscle, skin, vasculature„ or any other organ or tissue within the human body. 

Further, the devices and. methods described herein may be used to treat any conditions suited 

for neuromodulation regardless of whether the stimulation source is an electromagnetic field, a 

direct electric current, a RF field, infrared energy, visible light, ultraviolet light, ultrasound, or 

other energy dispensing device. 

20 [01371 In other variations, as shown in FIG. 12, an energy em€tting system 210 for 

providing a medical therapy includes one or more conductive coils 212 disposed within or 

along a housing 214, one or more sensors 216 configured to detect electrical conduction in a 

target nerve or to detect muscle stimulation:, and a controller 21.8 connected or coupled to the 

conductive coils 212 and optionally in communication with the sensor 216. In certain 

25 variations (as shown in Fig. 12), the controller 218 can be integral with the housing 214). The 

coils 212 are configured. such that an electrical current generated. by the controller 218 is 

passed through the coils 212 generating a magnetic field which will stimulate a target nerve, 

e.g., the tibial nerve 220, a muscle or other body part containing a portion of a target nerve, or 

any nerves branching off of a target nerve, located in proximity to the coils 212, In this 

30 particular variation, the housing 214 is in the form of a. foot cradle, as shown in. FUG, 4, 

however, the housing could also be in. the form of a. flexible wrap, garment or other design 
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suitable for use with a Object. It :Various variations described hereiti,senSors.May detect 

voltage or current and may be connected, coupled, wirelessly connected or coupled or 

otherwise in communication with the housing and/or controller using a variety of methods or 

techniques known in the art. The sensor may be placed over a muscle to detect muscle 

5 stimulation resulting from stimulating the target nerve (as shown in Fig. 12) or over any other 

portion of the subject's body suitable for detecting conduction of the target nerve. 

[01381 Referring to FIG 13 and .16, the sensor may be in the form of a microneedle patch 

228, which can be removably attached to the skin surface of a subject_ The .microneedle patch 

228 may include a housing 231, having one or more electrodes 232 and one or more 

10 microneedies 235 deposited or arrayed on a surface of the electrode 232, forming. one or more 

microneedle arrays 234. in FIG 13. microneedle patch 22$ has the shape of a square, and the 

microneedles 235 €re arrayed on the bottom surface 236 of the electrode 232 in a 16 X 16 

configuration, However, as shown in FIGS 14-15, microneedle patches may be designed in a 

variety of shapes, e.g.. round, oval 229, rectangular 230, hexagonal, and a variety of sizes. 

15 The microneedles may be arrayed in a variety of arrangements and patterns (e.g., 1.4 X 14, 12 

X 12, etc.) depending on the particular use and needles. 

101391 Additionally, microneedles may he attached, deposited, or arrayed on an electrode 

surface or patch in a variety of configurations and arrangements, depending on where the 

particular microneedle patch will be utilized and the treatment to be delivered. The number of 

20 microneedles included in an array can vary. For example, the number of microneedles may 

range from about 5 to 500 or 100 to 400 or about 200 to 300 or about 25€?. In certain 

variations where microneedles are composed. of strong, highly conduct€ve material, the number 

of microneedles necessary may be less and may range from about 5 to .100 or 10 to 50 or 5 to 

50. However, where microneedles are composed of higher resistance metal, a greater number 

25 of needles may be needed, e.g., about 100 to 500 or about 200 to 300 or greater than 500. 

101401 Referring to FIG. 18, a magnified view of a .microneedle array 234 composed 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 tire range of about 1 to 400 

microns or 10 to 400 microns or preferably about 100 to 150 microns, and a diameter in the 

30 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 to the upper portion 239 where the distal 
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tip:240 ot- the mierotieedleds:preferably pointed or sharp. The upper portion:239 of €he 

microneedie 235 may have a diameter in the range of about 10-30 microns or about 15 to 25 

microns. Optionally, fOr ease of production, the base portion 238 of the microneedle 235 may 

be thicker than the distal tip 240 or upper portion 239 of the tnicroneedle 235, in certain 

5 variations, as shown in FIG 17, a bulb 237 may be provi.ded at the distal tip 240 of a 

microneedle 235 to provide for effective anchoring of the microneedle 235 in the skin of a 

patient or subject.. Microneedles 335 can include any number of friction or grip increasing 

features_ For example, they may include projections, barbs, :bulbs or a roughened surface or 

tip, Microneedles 235 may take on various configurations, e.g., straight, bent, filtered, hollow 

10 or a combination of the above. 

[01411 In other variations, .microneedles may have lengths that range...from about 480 to: 

1450 microns, widths from about 16010 470 microns. thiCknesSe$.NO about 30 to 100 

microns and t€p angles from about 20 to 90 degrees, and arrays can contain from 5 to 50. 

microneedles. For example, microneedles having these dimensions have been shown. to be 

15 less painful than hypodermic needles. Length and number of .tnicroneedles can affect the level 

of pain experienced. Decreasing microneedle length and/or the number of microneedles may 

be beneficial and act to fur€:her reduce pain and. provide comfort. 

01421 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 

20 overlying electrode or other surface_ Microneedles may be constructed of an electrically 

conductive material and/or coated with an electrically conductive material. Optionally, 

microneedles may be coated with, an electrically conductive _material and constructed of a. non-

conductive material. Microneedles may be fabricated using a variety of materials, e.g., metals, 

stainless steel, solid or coat of gold over Ni. Pd or Pd-Co. Pt, silicon, silicon dioxide, 

25 polymers, glass, biocompatible polymers, titanium, silver, or suture materials. Biodegradable 

polymers may also be used such that if a tip of a microneedle were to snap or break off during 

insertion, it would easily biodegrade. 

[0.1431 A. microneedle array 234 may be constructed or fabricated using any variety of 

manufacturing methods known to persons of ordinary skill in the art. Microneedies may be 

30 arrayed, attached, etched or deposited onto a surface of an electrode. In another variation, 

microneedles may be etched from or deposited onto a silicon electrode, such that the 
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microneedle .patebaincludingelettrOdeand microneedles, are nadelrom one material creating 

a durable and stable microneedle patch. 

[014+1 As shown in FIG 18, microneedlesnaaybe .fahrkatedby creatingnucion sized 

holes on a silicon substrate and by using a KOH:solution to create the needle shape. tu other 

5 variations, the microneedles may be made of non-conductive material but may still be utilized 

to provide superior anchoring properties such that a m€croneedle patch may effectively adhere 

or- attache to a subject's skin. 

101451 In certain variations, microneedle arrays are fahricated.:by patterning Sl 43' pn€o. 

glass substrates and defining needle shapes by lithography. The tipst)fthe needles can. he 

10 sharpened using reactive ion etching. Optionally, holes may be drilled, e.g., by laser, through 

the microneedles and. 'base substrate. Holes may be drilled off-center, but parallel to the 

microneedle axis, terminating in side-opening holes along the needle shaft below the needle 

tip. If desired, the holes can serve as micro fluidic needle bores for injection or infusion of 

drugs, medicines, insulin, proteins, nanoparticles that would encapsulate a drug or demonstrate 

15 the ability to deliver a virus for vaccinations, etc. to be used separately or in combination with 

electrical or magnetic therapy. The microneedies may also be coated. with nickel by 

electroplating, wh€ch can increase their mechan€cal strength. 

€t1461 Itn certain variations, microneedle patches or microneedle electrode arrays are made 

by fabricating master structures from which replicates are molded and then made electrically 

20 active, For example, SU-8 may be spun on a glass substrate bearing an array mask pattern, 

baked, and then exposed from the backside to from a tapered needle structure. Microneedles 

may be sha€pened by RIE etching, A PDMS (polydimethylsiloxane) or similar 'material mold 

can then be copied from. the master. A Pltl.€MA. (polymethylmethacrylate) microneedle array is 

formed by solvent-casting and then released from the mold. 

25 [0147j To provide the arrays with electrical functio€nality, a TilCu seed. layer may be 

deposited on the PIMA array and. patterned by excimer laser to electrically isolate adjacent 

rows. A Ni layer (eag., about 15 to 30 microns or 20 to 25 microns thick) may be electroplated 

on the patterned seed .layer to enhance structural rigidity. A. backside electrical connection to. 

the array may be formed by backside etching of a hole and for€ming an electrical connection 

30 through the hole. 
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[01481 In another variation; the microneedle array is arranged in a. I X 16 array (Le., 256 

needles). Each needle has a height of about 400 microns and the base diameter is about 100 

microns. The pitch between microneedles can be about 250 microns. The microneedle arrays 

are then coated with metal and laser-etched to provide electrical functionality. Optionally, 

5 rows of microneedles can be electrically isolated from each other so that alternating rows can 

provide alternating electrical polarity. The arrays are also interfaced with a power source. 

Microneedles may be made of polymer, coated with a metal, and etched to act as alternat€ng 

electrodes. In certain variations, the firing sequence of the microneedles by rows or groups 

may be varied or configured to alternate. 

10 [01491 In certain variations, a microneedle array may include one or more micronee es 

having muldple channels. For example, a multichannel silicon microneedie may be 

constructed to deliver bioactive compounds into neural or other tissue while simultai -N.)usly 

monitoring and stimulatinu neurons and nerves. 

[01501 flG. 19 shows a. cross sectional view of the skin 10 composed of an outer stratum 

corneum 15 covering the epidermis 16. The skin also includes the dermis 18, subcutaneous 

tissue/fat 12, and these layers cover muscle tissue 14. As shown in FIG 19, when a 

microneedle patch 228 is attached to a subject's skin, the microneedles 235 pierce the outer 

insulating stratum corneum layer 15. The microneedle patch 228 can detect current passing 

through a stimulated nerve, and provide a superior signal as the current detected is conducted 

20 through the microneedles 235, thereby bypassing the poorly conductive stratum comeum layer 

15 which a,enerally encompasses the outer .10 to 15 microns of skin. In other variations, 

microneedles 235 may be fabricated to be long enough to penetrate the stratum corneum 15, 

but short enough not to puncture nerve endings, thus reducing the risk of pain, infection or. 

injury, 

25 [01511 lrt certain variations microneedles are formed such that they are in direct contact 

with their corresponding or overlying electrodes. For example, a microneedle patch may 

include an adhesive electrode pad and may utilize a conductive gel to help hold the 

microneedles in place to prevent shear forces from breaking or bending the microneedles. 

[01521 In certain variation, as shown in FlGs, :20a-20d, a microneedle patch or applicator 

30 may include multiple electrodes on a single patch or applicator, e.g., positive, negative, and/or 

control or ground electrodes, where the microneedles will be grouped in multiple arrays such 
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that they: conduct to the appropriate.electrOde„ for ekatnple, FITS 20tatd20b show in 

patch having positiVe, negative and control electrodes where a separate array of electrodes is in. 

contact with each respective electrode. This arrangement can be created using a single patch.. 

Alternatively, as Shown in FIG. 20c, two patches may he implemented, one including the 

5 control electrode with corresponding microneedle array and the other including the positive 

and negative electrodes with corresponding microneedle arrays. The various electrodes could 

be interchanged. Alternatively, as shown in FIG. 20d, three patches may be implemented, 

each having a separate electrode (control, positive, or negative with a corresponding 

microneedle array_ in use, in certain variations, the control may be attached above or near 

10 bone, While the positive andior negative electrodes may be attached. above nerve or muscle. 

[0153) Referring again to FIG. 12, the energy emitting system 210 can be used to treat or 

prevent various conditions, e.g., •urinary incontinence, restless kg syndrome and fecal 

incontinence, among others. Energy emitting system 210 includes one or more conductive 

coils 212 disposed within or along a housing 214, one or more sensors 216 configured to 

15 detect electrical conduction in the target nerve or to detect muscle stimulation, and a controller 

218 coupled to the conductive coils 2.12 and optionally in communication with the sensor 216. 

The coils 212 are configured such that an electrical current generated by the controller 218 is 

passed through the coils 2.12 generating a magnetic field which will stimulate a target nerve, 

e.g., the tibial nerve 220, a muscle or other body part containing a portion of a. target nerve, or 

20 any nerves branching off of a target nerve, located in proximity to the coils 212. In this 

particular variation, the housing 214 is in the form of a. foot cradle, as shown in. FIG. 4, 

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

suitable for use with a subject. 

[01541 Referring again to Ha. 12, energy emitting syStem 210 may be 0041. treat or 

25 prevent various conditions, e.g., urinary incontinence, restless leg syndrome or fecal 

incontinence. In certain variations, a method of using the energy emitting system 210 includes 

positioning a. first portion of a patient's body, for example a. foot, ankle, or leg, relative to 

housing 214 such that a posterior tibial nerve 220 within the first portion of the patient's body 

is in proximity to one or more conductive coils 212 disposed within or along the housing. In 

30 this particular variation, a patient's toot is pos.it€oned in a housing., which is in the form of a 

foot cradle 215. A sensor in the form of a microneedle patch 228 may optionally be positioned 
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:410.14.0 second portion of the patient's body in proximity to the pOStetior tibial nerve  in 

this particular variation, microneedle pa€c 228 is at€ached to the patient's foot over a muscle 

to detect muscle stimulation. Alternatively, a patch could be placed elsewhere on the patient, 

tbr example, on the leg in proximity to the posterior tibial nerve 220, proximal to and up-

5 stream from coils 212. Microneedle patch 228 may be composed of one or more microneedle 

arrays and one or more electrodes, as described supra. 

[01551 Once the patient's foot is in position and the microneedle patch 228 e.g., 

conductive microneedle patch) is in place, a current is passed from controller 218 through coils 

212., and. as a. result, the coils 212 generate a magnetic field which is focused on the posterior 

10 tibial nerve 220. The magnetic field stimulates tibial nerve 220, generating a current that will 

flow along the tibial nerve 220 and spread along its length, to its sacral or pudendal nerve 

roots. Microneedle patch 228 detects corresponding muscle stimulation. or twitching or 

electrical conduction through the stimulated posterior tibial nerve. Upon detection, the 

microneedle array may conduct and transmit an electrical signal to the overlying electrode of 

microneedle patch 228. The signal may be transmitted to controller 218, which can be integral 

or a separate controller or device, or a separate controller coupled to controller 218. The 

controller can then be varied or adjusted (to adjust the current or magnetic field) based on the 

signal received from microneedle patch 228 to ensure that adequate conduction of the posterior 

tibial nerve 220 occurs and an adequate and accurate dosage of treatment is being received. 

20 Although shown utilizing a sensor, it is also contemplated that the system could be used. 

without a sensor. 

101561 Referring to FIG, 21, the method of using energy emitting system 210 described 

above with respect to FIG. 1.2 may be varied such that a conductive microneedle patch 228 is 

placed in proximity to or proximally over €:he afferent posterior tibial nerve 220, i.e., behind 

25 the patient's knee, In this position, a conductive niic.roneed.le patch 228 detects electrical 

conduction through the afferent posterior tibial nerve, i.e., it detects the electrical signal. 

traveling through the posterior tibial nerve back up to the brain and spinal cord or it may detect 

corresponding muscle stimulation. The microneedle patch 228 sends the signal to controller 

218 or to a separate controller coupled to controller 218.. The controller can then be varied or 

30 adjusted based on the signal received from microneedle patch 228 to ensure that adequate 
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:conductiOn.Or.stinaulation Ofthe posterior ibialterVe220. 0ccurs and an adequate .and.aCeurate 

dosage of treatment is being, received. 

101571 A sensor utilized in the energy emitting System. 210 may be a thicioneedle patch. 

228 as described above or optionally the sensor mayasensor type:known:in the art (e.g 4. EKO 

5 sensor) or as described in any of the variations herein. It is also contemplated that energy 

emitting system 250 can be utilized without a sensor. Optionally, the sensor may be 

positioned Within or along the housing, e.g., the foot cradle, along with the one or more 

conductive coils, or positioned at a site distant from the housing or conductive coils_ 

01581 In certain variations, energy emitting system 210 my optionally include one or 

10 more conductive microneedle patches which can be positioned in proximity to the target nerve 

or muscle and provide an additional or supplemental electrical or magnetic stimulus to the 

target_ nerve or muscle. 

[01591 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 emitting system 260 

15 further includes one or more percutaneous electrode needles 262 or other needles or other 

percutaneous electrodes coupled to a controller 218 and haying an end insertable into a 

subject's body in proximity to said target nerve or stimulation site.. The percutaneous 

electrode needle 262 is inductively coupled to one or more conductive coils 212. In use, a. first 

portion of a patient's body, for example a foot, ankle, or leg, is positioned relative to housing 

20 214, e.g., foot cradle 215, such that a target nerve, e.g., posterior tibial 'nerve 220, located 

within the first portion of the patient's body is in proximity to one or more conductive coils 

212 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 262 is inserted through the skin at a location and to a depth that brings the tip 

25 in close proximity to the stimulation site or target nerve to be stimidated. The controller 218 is 

activated and a current passes through conductive coils 212. The resulting magnetic field 

generates a current that traverses the internal stimulation site 261 by passing from conductive

coils 21..2 to the internal percutaneous electrode needle 262, as indicated by arrow i. Also, the 

percutaneous electrode needle may be positioned within the generated magnetic. f€eld, whereby 

30 the magnetic field itself generates a current in the percutaneous electrode which stimulates a 

target nerve or traverses an internal stimulation site. Optionally, a current may be passed from 
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the:eon-troller 218.througheondtictive:042.1.2 and/or' from the controller 218 thrOugh 

percutaneous electrode needle 262, traversing the internal stimulation site as the current passes 

between the coils and needle. 

[01601 In energy emitting system 260. current density and subsequent electric field 

5 intensity generated between conductive coils 212 and percutaneous electrode needle 262 is 

greater than that generated by trad€tional percutaneous stimulators. A greater electr€c field 

intensity makes site location for conductive coils 212 and percutaneous electrode needle .262 

easier, Furthermore, the load impedance through the surthce of the skin is much higher than 

the internal impedance, and as such, the relatively high load impedance lessens the likelihood 

10 of damage to tissue and nerves due to high current pulses. 

101611 Referring again to FIG. 22, a percutaneous electrode needle for use in any of the 

energy emitting systems described herein may include a variety of designs. For example, 

percutaneous electrode needle 262 may include a metal or plastic handle 263 to provide a. 

secure grip for the user, while -minimizing the risk of shock to the user. The needle tip cat 

15 have a. terminal portion 264 which may extend between about 0.5 and 10 mm or about 2,0 mm 

from the needle tip and may be constructed out of medical grade stainless steel or other 

biocompatible metals. The diameter of the needle can be small (less than about 0.25 mm),

which minimizes trauma during insertion. Optionally, needle 262 can be coated with. Teflon or 

similar insulative material 265 except for an exposed tip area 264. This allows for a higher 

20 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 field that may cause 

irritation or pain. 

[01621 In another variation, as shown in l'I€i. 23, percutaneous electrode needle 272 may 

be used in energy emitting system 260. Percutaneous electrode needle 272 may be constructed 

25 out. of medical grade stainless steel or other biocompatible electrically conductive metal. 

Percutaneous electrode needle 272 includes a first end 276 for insertion into the patient's body 

in proximity to the preselected internal stimulation site or target nerve to be stimulated, and a 

second end 277. The size of the needle electrode 272 is preferably small, for example 34G 

needle electrode (0.22x10 mm), to minimize trauma during insertion. Percutaneous electrode 

30 needle 27..2 may also include an electrically conductive adaptor, an electrically conductive 

tape member 273.. 'The tape member 273 includes an electrically conductive adhesive portion 
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274.and a.n electrically ConductiVenOn-adheSiVe.pOrtiOn 275. Mertiatively, the:.4daptor mav 

include an electrically conductive clip. The second end 277 of the needle electrode 272 

preferably includes an enlarged portion to enable the electrically conductive tape member 273 

to be more easily adhered thereto. Once it is determined. that the percutaneous needle. 

5 electrode 272 is properly positioned, the needle is fixedly adhered to the electrically 

conductive tape member 273 by folding the ends of the adhesive portion 274 of the electrically 

conductive tape member 272 over the second end 277 of the needle electrode thereby forming 

an electrical connection there between. he percutaneous needle electrode 272 is electrically 

coupled to controller 218 via electrically conductive tape member 273. Various other 

10 implantable or insertable electrode needles known to persons of skill in the art may also be 

utilized in the above described systems_ 

[01631 1.11 certain variations of energy emitting system 260 as described above and shown 

in FIGS. 22-23, a sensor 216, such as a conductive microneedle patch 228, may be utilized to 

detect electrical conduction through the stimulated posterior tibial nerve 220 or to detect 

15 muscle stimulation, and transmit the signal to controller 218. The signal may be transmitted to 

controller 218, a separate controller or device, or a separate controller coupled to controller 

218. The controller can then be varied or adjusted based on the signal from microneedle patch 

228 to ensure that adequate conduction of the posterior tibial nerve .220 occurs and an adequate 

and accurate dosage of treatment is being received, it is also contemplated that energy system 

20 260 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_ microneedle patch sensor, such as other sensors 

described herein 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 leg as shown) or over a muscle to detect muscle stimulation resulting .from 

25 stimulating the target nerve. 

101641 1..n certain variations, as shown in FIG. .26, an energy emittillg.systern.;59. for 

providing a medical therapy includes a microneedle patch 252 fe,g;„.:coriductivelificroneed e 

patch) having one or more microneedle arrays deposited on a surface of one or more 

electrodes; one or more sensors 221 configured to detect electrical conduction in the target 

30 nerve or to detect muscle stimulation; and a controller 21.8 coupled to microneedle patch 252 

and in communication with sensor 221. The .microneedie patch 252 is configured such that an 
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electrical Ourrentgenerated by tie controller2181s:passed through the microneedie patch.252, 

generating a magnetic field or delivering or generating an electrical or magnetic. stimulus to a 

target nerve, e.g., the tibial nerve 220, a muscle or o€her' body part containing a portion of a 

target nerve, or any nerves branch€.ng off of a target nerve, located in proximity to microneedle 

5 patch 252. 

[01651 Referring to FIG. 26, a method of using the energy emitting system 250 may 

include placing a conductive microneedle patch 252 on a first portion of a patient's body, for 

example a foot, ankle, or leg, in proximity to posterior tibial. nerve 220 within the first portion 

of the patient's body, Sensor 221 is positioned along a second port€on of the patient's body. in 

10 proximity to the posterior tibial nerve 220. In this particular variation, sensor 216 is attached 

to the patient's leg in proximity to the posterior tibial nerve 220, proximal to and up-stream 

.from conductive microneedle patch 252. Conductive microneedle patch 252 is composed of 

one or more microneedle arrays and one or more electrodes, as described in the variations 

above. 

15 [01661 Once conductive microneedle patch 252 and sensor 221 are in. position, a current s 

passed from controller 218 through conductive microneedle patch 252, resulting in an 

electrical stimulus of the posterior tibial nerve 220, Alternatively, €he microneedle .array may 

be insulated or constructed of non conductive material such that the microneedle patch 252 

generates a magnetic field that stimulates tibial nerve 220 in a manner similar to the one or 

20 more coils described in the variations above, without an electrical stimulus. Whether the 

stimulus is electrical or' magnetic., either stimulus will generate. a current that will flow along 

the tibial nerve 220 and spread along its length, to its sacral or pudendal nerve roots. Sensor 

221. detects electrical conduction through the stimulated posterior tibial nerve 220. and then 

transmits the signal to controller 218. :In certain variations, the sensor may be in the form of a. 

25 microneedle patch sensor. The signal may be transmitted to controller 218, a. separate 

controller or device, or a. separate controller coupled to controller 218, The con€roller 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. 

30 [01671 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 
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microneedle patch. it is..Ms:O.:Contemplated that energy emi ging. System 250  e utilized 

without a sensor. The sensor may be placed over a portion of €he subject's body suitable for 

detecting conduction of the target nerve (e.g., on the leg as shown) or over a muscle to detect 

muscle stimulation resulting front stimulating the target nerve. 

5 [0.1681 In certain variations, energy emitting system 250 my optionally include one or 

more conductive coils disposed within or along a housing wh€ch can be posit€oned in 

proximity to the target nerve or muscle and provide an. additional or supplemental stin la . • 

of the target nerve or muscle. 

0.1691 Referring to FIG. 27, the energy emitting system 250 described. above with respect 

10 to FIG. 26 may be varied to create energy emitting system 280. Energy emitting system 280 

further includes one or more percutaneous electrode needles 262 coupled to a controller 218 

and. haying an end insertable into a subject's body in proximity- to said target nerve. 

Optionally, the electrode needle may be non-percutaneous, such that it is insertable in an 

orifice or Opening in the subject, such as a natural orifice. The percutaneous electrode needle

15 262 is inductively coupled to conductive microneedle patch 252. in use, a microneedle patch 

252 is placed on a first portion of a patient's body, for example a foot, ankle, or leg, in 

proximity to 'posterior tibial nerve 220 within the first portion of the patient's body and down-

stream or distal to a selected stimulation site 261. The percuta.neous electrode needle 262 is 

inserted through the skin at a location and to a depth that brings the tip in close proximity to 

20 the, target nerve to be stimulated. 

[01701 The controller 218 is activated and a current passes through znicroneedle patch 252 

and traverses the internal stimulation site 261 by passing from microneedle patch 252 to the 

internal percutaneous electrode needle 262, as indicated by arrow i. The current passing 

through microneedie patch 252 may also generate a. magnetic -field which can generate a 

25 current that traverses the internal stimulation site 261 by passing from microneedle patch 252 

to the internal percutaneous electrode needle 262. Also, the percutaneous electrode needle 

may be positioned within the generated. magnetic field, whereby the magnetic field generates a 

current in the percutaneous electrode which stimulates a target nerve and traverses an internal 

stimulation site. Optionally, a current may be passed from the controller 218 through 

30 microneedle patch 252 and/or from the controller 218 through percutaneous electrode needle 

262, traversing the internal stimulat€on site as the current passes between the patch and needle. 
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[0171.1 Refetrint tO Fick 28. energy etnitting'syStein280:may be modified.by 

percutaneous electrode needle 272 in place of percutaneous electrode needle 262. 

Percutaneous electrode needle 2'72 would he const.ruc€ed and function as described above with 

respect to FIG. 23. Various other implantable or insertable electrode needles known to 

5 persons of skill in the art may also be utilized in the above described systems. Additionally, 

enemy emitting system 280 may utilize a sensor to detect electrical conduction through the. 

stimulated posterior tibial nerve 220 and send a corresponding signal indicative of the detected 

conduction to controller 218 or other device such that the electrical or magnetic stimulus can 

he adjusted as necessary. The sensor may be a sensor 221, or optionally the sensor may be a 

10 microneedle patch. It is also contemplated that energy emitting system 280 can be utilized 

without a sensor. The sensor may be placed over a portion of the subject's body suitable for 

detecting conduction of the target nerve (e.g., on the leg as shown) or over a muscle to detect 

muscle stimulation resulting from stimulating the target nerve. 

[0.1721 In any of the above systems, variations are contemplated where the sensors are also 

15 coupled or connected to or otherwise in communication with energy emitting devices, e.g., the 

conductive coils or conductive microneedle p€►tches. 

101731 In certain variations, the one or more microneedles of the microneedle patch. pray 

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 

20 of an electrically conductive material and/or coated with an electrically conductive material. 

Optionally, microneedles may be coated with an electrically conductive material and 

constructed of a non-conductive material. Microneedles may he fabricated using a variety of 

materials, e.g., metals, stainless steel, solid or coat of gold over NI, Pd or Pd-Co, Pt. silicon, 

silicon dioxide, polymers, glass, biocompatible polymers, t€tanium, silver, or suture materials. 

25 Biodegradable polymers may also be used such that if a tip of a microneedle were to snap or 

break off during insertion, it would easily biodegrade. Optionally, the microneedle patch may 

he non-conductive. 

[01741 In certain variations, an electrode patch for improved conductance or coriduct:i.on is

provided. The patch can include at least one electrode having a first surface and/or a second 

30 surface. The electrode may optionally be attached to various other materials or adhesive 

materials. An array of microneedles may be deposited on a surface of the electrode, or 
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attached to a patch.or other material acid indirectly orditeCtlyconneetedto,the electrOde. The 

array of microneedle.s may include a conductive material. Such patches may be used as a 

sensor to detect muscle stimulation or electrical conduction, or to provide or deliver an. 

electrical stimulus or magnetic field, e.g., to a target nerve, and may optionally be used in any 

5 of the variations described herein or in any application where improved conductance or 

conduction is desired. Microneedles yield improved reduction in impedance compared to 

simple abrasion and other techniques, and are less painful and more comfbrtable fir the 

patient. 

[01751 In certain variations, typical voltage sensed at the skin and detectable or.

10 conductable by a microneedle patch or microneedle array may range from about l to 400 

microvolts or about 10 to 300 microvolts. 

[01761 In certain variations, methods of treating a subject with urinary or 

various pelvic floor disorders utilizing the energy emitting systems described herein are 

contemplated. Symptoms associated with urinary incontinence may he observed, detected, or 

15 diagnosed. An energy emitting device having one or more energy generators, .e.g.„ one or 

more conductive coils or one or more microneedle patches, may be positioned in proximity to 

a target nerve, e.g., the tibial or posterior tibial nerve or popliteal or sacral nerve or branches 

thereof of a subject or patient. along a first portion of a subject's or patient's body. The subject 

may or may not be exhibiting symptoms associated with urinary incontinence. in the case of 

20 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 exhibiting symptoms associated with urinary 

incontinence, relative to an energy emitting device such that a target nerve within the first 

25 portion of the body is in proximity to at least one energy generator disposed within or along 

the energy emitting device. a 

[0.1771 A current is then passed through the energy generator to produce, generate or 

deliver energy, e.g., a .magnetic or electromagnetic field or electrical or magnetic energy or 

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

30 cause the stimulation of a pudendal nerve, sacral plexus, or other nerves in the pelvic floor. 

Various nerves innervating the various muscles, sphincters, nerves, organs and conduits of the 

39 
Petitioner - Avation Medical, Inc.

Ex. 1023, p. 39



Attorney:PeeketNci ENIKNNZ0070Z 

urinaty.tract and bladtletIna • be Stimulateddirectly.Ot IncertainvariationS, a 

current is passed through one more coils, which generate a magnetic or electromagne€ic 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 

5 on the posterior tibial. nerve as needed. In certain variations, a current is passed €hrou4gh a 

microneedle patch generating, or delivering an electrical or magnetic stimulus or field. The 

positioning of the microneedle patch .relative to the first portion of the subject's body may be 

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

needed. 

10 [01781 Optionally, electrical conduction through the target nerve, e.g., the posterior tibial 

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

be positioned in proximity to the posterior tibial nerve along a. second por€ion of the subject's 

body. Optionally, a sensor ma.y be positioned over a corresponding muscle to detect muscle 

stimulation or twitching resulting from nerve stimulation.. Optionally, the electrical 

15 conduction is detected along a second portion of the subject's body which is different from the 

first portion of the body. Optionally, the sensor in the form of a microneedle patch. In 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. patien€'s leg or 

foot, in other variations, the sensor may be positioned within or along a housing along with 

20 the one or more conductive coils. 

[0179] 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 adjusted or varied using a controller which is in communication with the 

energy 4, enerator_ Adjustments may be made in response to the nerve or muscle stimulation 

25 detected by the conductive sensor, in order to optimize or ensure adequate treatment of urinary 

incontinence by achieving the appropriate level of conductance and appropriate level of nerve 

or muscle .stimulation, Appropriate levels or parameters for current, frequency, magnetic field, 

treatment duration, etc., are those that result in an observed or detected reduc€ion or prevention 

of symptoms associated with urinary incontinence. Treatment could also be administered and 

30 the appropriate levels and parameters achieved through observing or detecting redu€ion or 

prevention of symptoms where a sensor is not used, Examples of these symptoms include but 
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are:not limitetto the.inability to control inary Inaction .urinaryleakage„:.and IOSS:of bladder 

control, 

[01801 11n certain variations, the amplitude, freOnency, direction of a generated magnetiC 

field, electrical or magnetic stimulus, or firing sequenceOf the coils or  making 

5 up the microneedle array may be adjusted. Optionally, the current may be varied according to 

a muscular response in the patient. Thus, to treat urinary incontinence, the magnetic field or 

electrical stimulus is applied to a subject or patient until the desired effects (e.g., reduction of 

symptoms) are achieved.. 

01811 In certain variations, methods of treating a subject with fecal incontinence utilizing 

10 the energy emitting systems described herein are contemplated. Symptoms associated with. 

fecal incontinence may be observed, detected, or diagnosed. An energy emitting device 

hav€ng one or more energy generators, e.g., one or more conduc€ve coils or one or more 

microneedle patches, may be positioned in proximity to a target nerve, e.g,, the tibial or 

posterior tibial nerve, or popliteal or sacral nerve or branches thereof, of a subject along a first 

15 portion of a subject's body. The subject may or may not be exhibiting symptoms associated 

with fecal incontinence. In the case of the conductive 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. exhibiting 

20 symptoms associated with fecal incontinence, relative to an energy emitting device such that a 

target nerve within the first portion of the body is in proximity to at least one energy generator 

disposed within or along the energy emitting device. 

[0.1821 A. current is then passed through the energy generator to produce, generate or 

deliver energy, e.g.,. a magnetic or electromagnetic field or electrical or magnetic energy or 

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

the stimulation of a pudendal nerve, sacral plexus, or nerves in the pelvic floor. Various 

nerves innervating the various muscles, sphincters, rectum, nerves, organs and conduits 

associated with bowel movem ents. fecal control, and the intestines may be stimulated directly 

or indirectly. Optionally, a current is passed through one more coils, which generate a 

30 magnetic. or electromagnetic field which stimulates the posterior tibial nerve. lit certain 

variations, the positioning of the coils relative to the first portion of the subject's body may be 
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adjusted to te4OciOthe magnetic field on the posterior tibial nerve.aS: needed. in certain 

variations, a current is passed through a microneedle patch generating or delivering an 

electrical or magnetic stimulus or field. The posi€ioning of the microneedle patCh relative to 

the first portion of the subject's body may be adjusted to re-focus the electrical or magnetic. 

5 stimulus or field on the posterior tibial nerve as needed. 

[0183] Optionally, electrical conduction through the target nerve, e.g., the posterior tibial 

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

be positioned in proximity 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 

10 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

first portion of the body. Optionally, the sensor is in the form a of a microneedle patch. In 

certain variations, the sensor may be positioned behind a subject's knee to detect the electrical 

conduction along the afferent posterior tibial nerve or on another portion of a patient's leg or 

15 foot, In other variations, the sensor may be positioned within or along a housing along with 

the one or more conductive coils,. 

1018,1] 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 adjusted or varied using a controller which is in communication with the 

20 energy generator. .Adjustments may be made in response to the nerve or muscle stimulation 

detected by the conductive sensor, in order to optimize or ensure adequate treatment of fecal 

incontinence by achieving the appropriate level of conductance and appropriate level€ of nerve 

or muscle stimulation. Appropriate levels or parameters .for current, frequency, magnetic field, 

treatment duration, etc., are those that resul€ in an observed or detected reduction or prevention 

25 of symptoms associated with fecal incontinence_ Treatment could also be administered and the 

appropriate levels and parameters achieved through observing or detecting reduction or 

prevention of symptoms where a sensor is not used. Examples of these symptoms include but 

are not limited: the loss of voluntary control to retain stool in the rectum; loss of fecal control; 

inability to control bowel movements, and fecal leaking: 

30 [0185] 1.11 certain variations, the amplitude, frequency, direction of a generated magnetic 

field, electrical or magnetic stimulus, or firing sequence of the coils or microneedies making. 

Petitioner - Avation Medical, Inc.
Ex. 1023, p. 42



Attorifey:PoekerNo.:::EMKNNZ0070Z 

up the micrOneedle array may be..adjitsted. Optionally, the .c insert may be: Varied according to 

a muscular response in the patient. Thus, to treat fecal incontinence, the magnetic field or 

electrical stimulus is applied to a subject or patien€ until the desired effects (e.g., reduction of 

symptoms) are achieved. 

5 [01861 hi certain variations, methods of treating a subject with restless leg syndrome 

utilizing the energy emitting systems described herein are contemplated. Victims afflicted 

with. Restless Leg Syndrome (RLS or 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, etc., or attending longer meetings, lectures, 

10 movies or other performances, become difficult if not impossible. These sensations become 

more severe at night and RLS patients find sleep to be virtually impossible, adding to the 

diminishing quality of their lives. The urge to move, which increases over periods of rest, cn. 

be completely dissipated by movement, such as walking. However, once movement ceases, 

symptoms return with increased intensity. If an RLS patient is forced to lie still, symptoms will 

15 continue to build like a loaded spring and, eventually, the legs will involuntary move, relieving 

symptoms immediately, 

10187] Thus, symptoms associated witty restless leg syndrome may be observed, detected, 

Or diagnosed. An energy- emitting device having one or more energy generators, e.g., one or 

more conductive coils or one or more microneedle patches, may be positioned in proximity to 

20 a target nerve, e.g.. the tibial or posterior tibial nerve, or popliteal or sacral nerve or branches 

thereof or other nerves associated with restless leg syndrome, of a subject along a first portion. 

of a subject's body. The subject may or may not be exhibiting symptoms associated with 

restless leg syndrome. In the case of the conductive coils, the coils may be positioned within 

or along a housing, such as a foot or knee cradle, and a foot or leg may be positioned therein. 

25 In the case of a microneedie 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 exhibiting 

symptoms associated with restless leg syndrome, relative to an energy emitting device such. 

that a target nerve within. the first portion of the body is in proximity to at least one energy.

generator disposed within or along the energy emitting device. 

30. [01881 A current is then passed through the energy generator to produce, generate or 

deliver energy, e.g., a magnetic field or electrical or magnetic energy or stimulus, focused on 
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the tibial or posterior herve:ot 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 stimulated. directly or indirectly. Optionally, a 

5 current 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 needed. In certain variations, a current is passed through a 

microneedle patch generating or delivering an electrical or magnetic stimulus or field. The 

10 positioning of the microneedle patch relative to the first portion of the subject's body may be 

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

needed. 

101 891 Optionally, electrical conduction through the target nerve, e.g., the posterior tibial 

nerve, or muscle stimula€ion can be detected via at least one sensor. A conductive sensor may 

15 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 front nerve stimulation. Optionally, the electrical 

conduction is detected along a second portion of the subject's body which is different from the 

first portion of the body. Optionally, the sensor in the form a of a microneedle patch. In 

20 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 le, or 

foot. In other variations, the sensor may be positioned within or along a housing along with 

the one or more conductive coils. 

[01901 Where a sensor is used, a signal is teCei*ed from the .SetiSOrsand the.Signal'is 

25 indicative of the electrical conduction of the target nerve, e.g., posterior tibial nerve. The 

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

energy generator. Adjustments may be made in response to the nerve or muscle stimulation 

detected by the conductive sensor, in order to optimize or ensure adequate treatment of restless 

leg syndrome by achieving the appropriate level of conductance and appropriate level of nerve 

30 or muscle :stimulation. Appropriate levels or parameters for current, frequency, magnetic field, 

treatment duration, etc., are those that result in an observed or detected reduction or prevention 
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Of SyruptottwasSoeiate4 With restless leg syndrome. TreatMent .could al So be administered and 

the appropriate levels and parameters achieved .through Observing or detecting reduction or 

prevention of symptoms where a sensor is not used. Examples of these symptoms include but 

are not lim€ted to: uncomfortable sensations in the limbs, irresistible urges to move, usually 

5 the legs., motor restlessness; when at rest, symptoms return or worsen; and symptoms worsen 

in the evening and at night. 

[0191.1 ii certain variations, the amplitude, frequency, direction of a generated magnetic 

field, electrical or magnetic stimulus, or fr€n4g sequence of the coils or microneedles making 

up the microneedle array may be adjusted. Optionally, the current may be varied according to 

10 a muscular response in the patient. Thus, to treat restless leg syndrome, the magnetic field or 

electrical stimulus is applied to a subject or patient until the desired effects (e.g_ reduction of 

symptoms) are achieved.. 

[01921 In certain variations, methods of treating a subject suffering from premature 

ejaculation or various pely€c floor disorders utilizing, the energy emitting systems described 

15 herein are contempla€ed, Symptoms associated with premature ejaculation may be Observed, 

detected, or diagnosed. An energy emitting device having one or more energy generators, e.g., 

one or more conducive coils or one or more .microneedle patches, may .be positioned in 

proximity to a target nerve, e.g.. the tibial or posterior tibial nerve or popliteal or sacral nerve 

or branches thereof of a subject along a first portion of a subject's body. The subject may or 

20 may not be exhibiting, symptoms associated with premature ejaculation. hi 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 microneedie patch, the 

patch may be attached to a stibject's skin_ Optionally, the method involves posi€ioning a first 

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

25 ejaculation, relative to an energy emitting device such that a target nerve within the first 

portion of the body is i€n proximity to at least one energy generator disposed within or along 

the energy emitting device. 

[01931 A. current is then passed through the energy generator to produce, generate or 

deliver energy, e.g., a magnetic or electromag.€netic field or electrical or magnetic energy or 

30 stimulus, focused on the tibial. or posterior tibial nerve or branches thereof. This in turn ma€y.

cause the stimulation of a pudendal nerve, sacral plexus, or other nerves in the pelvic floor or 
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nerves associated With thepantrol of ejaculation.. VatiOus nerves innerVating4he various 

muscles, sphineters, nerves,. organs and conduits of the urinary tract, bladder or reproductive 

system, Of pelvic floor may be stimulated directly or indirec€ly. Optionally, a current is passed 

through one more coils, which generates a magnetic or electromagnet€c field which stimulates 

5 the posterior tibial nerve. In certain variations, the positioning of the coils relative to the first 

portion of the subject's body may be adjusted to re-focus the magnetic field on the posterior 

tibial nerve as needed. :In certain variations, a current is passed through. a microneedle patch. 

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

microneedle patch relative to the first portion of the .subject's body may he adjusted to re-foctas 

10 the electrical or magnetic stimulus or field on the posterior tibial nerve as needed. 

[0194) Optionally, electrical conduction through the target nerve, e.g., the posterior tibial 

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

be positioned in proximity to the posterior tibial nerve along a second portion of the subject's 

body. Optionally, a sensor play be positioned over a corresponding muscle to detect muscle 

15 stimulation or twitching resulting from nerve stimulation. Optionally, the electrical 

conduction is detected along a second portion of the subject's body which is different from the 

first portion of the body. Optionally, the sensor in the form 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 

20 foot, In other variations, the sensor may be positioned within or along a housing along with 

the one or more conductive coils.. 

)01951 Where a sensor is used, a signal is received from the sensors and the signal is 

indicative of the electrical conduction of the posterior tibial nerve. The current may be 

adjusted or varied using a controller which is in communication with the energy generator. 

25 Adjustments may be made in response to the nerve or muscle stimulation detected by the 

conductive sensor, in order to optimize or ensure adequate treatment of premature ejaculation 

by achieving the appropriate level of conductance and appropriate level of nerve or muscle 

stimulation. Appropriate levels liar current, frequency, magnetic field, treatment duration, etc., 

are levels that result in an observed or detected reduction or prevention of symptoms 

30 associated with premature ejaculation. Treatment could also be administered and the 

appropriate levels and parameters achieved through observing or detecting reduction or 
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prevention of7symptotris where.asenSOriS. not uSed. aamples of theSe.SyMptOmsinclude but 

are not limited to: ejaculation that frequently occurs within one minute or less of penetration; 

the inability to delay ejaculation on penetrations; or persistent or recurrent ejaculation with. 

minimal stimulation before, on or shortly after penetration. 

5 [01961 In certain variation.s, the amplitude, frequency, direction of a generated magnetic. 

field, electrical or magnetic. stimulus, or firing sequence of the coils or microneedles making 

up the microneedle array may be adjusted. Optionally, the current may be varied according to 

a muscular response in the patient. Thus, to treat premature ejaculation, the magnetic field or 

electrical stimulus is applied to a subject or patient until the desired effects (e.g., reduction of 

10 symptoms) are achieved. 

[01971 Exemplary treatment parameters for treating various:..conditions, e:g.„, urinary 

incontinence., using the systems and methods described herein may- include the following. 

Operation of a conductive coil at about 10 to 2.0 hertz generating a magnetic field of about .25 

to 1.5 tesla,, where the coil is administered to a patient for a duration of about 30 minutes/day 

15 or 30 minutes per week, depending on the severity of the symptoms, until the symptoms 

subside. The above treatment parameters or variations on the parameters may be used for 

treatment of urinary incontinence, fecal incontinence, restless leg syndrome, or premature 

ejaculation or other conditions_ For example, the coil may be operated at various parameter 

ranges falling with the following ranges: about 5 to 100 :her€z, about I to 10 tesla„ for about 15 

20 minutes to 2 hours per day or week, In treatintt, premature. ejaculation, a patient may receive 

treatment about 4 to 10 hours prior to intercourse.. A. maintenance phase of treatine.nt, after the 

initial treatment, may vary for various conditions. For example, the maintenance phase may 

require application of the systems and methods described herein at the parameters described 

herein for 30 minutes/week or 30 minutes/month. Any treatment parameter may be varied or 

25 modified based on the effect on the .patient or sensor or patient feedback regarding stimulation, 

until the desired result of treating or preventing a. condition is achieved. 

[01981 In certain variations, as shown in :Ms. 29a-29d, energy emitting device n may 

include a controller 289 and a foot cradle 290. Foot cradle 290 may include vertical foot plate 

291,, and horizontal foot plate 292, where each plate can be adjusted using vertical foot plate 

30 knob .293 and horizontal foot plate knob 294. One or more 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 
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alOriglWith pc:Op-OW.29a. The display Screeti.2.96 tan display:a. varietyrifinformation.to the 

user andfor practitioner such as the level of power or current appl€ed., treatment time, 

temperature of the cradle device, detected current levels arid/or physiological parameters, etc., 

to facilitate effective and efficient therapeutic treatment. The information can be used to vary 

5 or adjust the controller to ensure that adequate conduction of a target nerve, es., posterior 

tibial nerve 220 or muscle stimulation occurs and an adequate and accurate dosage of 

treatment is being received. Controls may also be included to affect the follovving: power, 

field strength, frequency, pulse., start/pause and cancelat€€?.ii. of therapy (as shown or other 

parameters one of skill in the art would find necessary or useful to control or monitor. In

10 certain variations, a. sensor may be connected, connected or in communication with the foot 

cradle or other energy emitting apparatus, controller, housing , conductive coils, or 

microneedle patch. 

[0]991 In certain variations, as shown in FIGS 30A-30B, an energy emitting device may 

include a controller and a knee support or knee cradle. The cradle may be configured to 

15 provide the conductive coil in proximity to the popliteal fossa or area directly behind the knee. 

In certain variations, the knee cradle may 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 may be 

utilized while the knee is in the flexed position (Fig. 30A). another variation, the device 

20 may be utilized vi'hile the knee is in a non-flexed position (Fig. 30B), 

[02001 I€n certain variations, the energy emit€ing device, e.g., foot support or cradle, knee 

support or cradle, etc., includes a conductive coil positioned such that a target nerve is 

automatically targeted. The conductive coil is configured, sized arid positioned within the 

device such that the generated magnetic. .field may encompass and stimulate the target nerve in 

25 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 particular body portion in the device. 

[0201.1 In certain variations described herein, sensors may detect voltage or current and 

may be connected, coupled, wirelessly connected or coupled or otlre€wise in communication 

with housing, conductive coils, microneedle patch, energy emitting apparatus, e_€nergxy 

30 generators, or electrode needles and/or controller using a variety of methods or .techniques 

known in the art. In various variations described herein, housings, conductive coils, 
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microneedie energyemitting .apparatu,%.:energy generatotg. or electrode needles .m 

be connected, coupled, wirelessly connected or coupled or otherwise in communication with 

each other, controllers or sensors, using a variety of methods or techniques known in the an. 

)02021 Coils used in any of the variations described herein and illustrated in the. 

5 corresponding figures may take on a variety of shapes, sizes, and configurations. For example, 

a coil may be shaped as a spiral (as shown) or have a simple helical pattern or be a figure eight 

coil, a four leaf clover coil, a Helmholtz coil, a modified Helmholtz coil, or may be shaped as a. 

combination of the aforementioned coil patterns. Additionally, other coil designs beyond those 

mentioned hereinabove might be utilized as long as a magnet€c field is developed that will. 

10 encompass a target nerve. 

[0203) The coils may have a variety of dimensioosand configurations. In:certnin 

variations, a coil may have a. central aperture. The diametetOf the aperture ma.y rangefrom 

about 0.5 inch to 2. inches or 1 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, €he diameter may range -from 

15 about 3.0 to about 7 inches or from about 4 to about 5 inches or the diameter may about 4.5 

inches. The coil body may+ include any suitable number of turns, For example, the coil body 

may include from about 2 to about 25 €:urns or from about 10 to about 20 turns 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 turn may have various dimensions. For example, the end or cross. 

20 section may have a height that is greater than its width. An end or cross section of a turn mays.

have a height ranging from about 1. to 5 cm or from about 10 mm to 51 mm (about .3 inches to 

.2 inches) or about 25 mm to 40 mm (about 1 inch to 1,5 inches) or about 12 mm to 40 mm 

(about .5 inch. to 1.5 inch) or about .5 inch to 2 inch. The end or cross section of the turn may 

have a width ranging from about 0.5 mm to about 5mm (about .019 inch to ,19 inch) or from 

25 about lnim to about 2 min. (about .03 inch to .07 inch) or about .2 mm to about 1 6 mm (about 

.01 inch to .06 inch). 'The above are all exemplary dimensions, where other dimensions are 

also contemplated depending on the use and. configuration of a device. 

102041 In certain variations, a system or device for electromagnetic or magnetic induction 

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

30 coil may. be configured to generate an electromagnetic or magnetic field focused on. a target 

.11mm, muscle or other body tissue positioned in proximity to the coil. The system -may also 
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include one or more sensors. The sensor may be configured to detect electrical conduction in 

the target nerve or to detect stimulation of a muscle or other body, tissue. The sensor may also 

detect a muscular response caused by an electrical conduction in a target nerve. The sensor 

provides feedback about the efficacy of the applied electromagnetic or magnetic induction 

5 therapy. Optionally, a user rimy provide such feedback based on detection by the user, with or 

without the use of a sensor. The system may also include a controller which is in 

communication with the sensor. The controller may be adjustable to vary a current through the 

coil in order to adjust the magnetic field lbcused upon the target nerve based on feedback from 

the sensor or user. The various systems or devices described herein may be .utilized with or 

10 without a sensor. 

[02051 A variety of electromagnetic or magnetic induction applicatOM:deSigned or 

configured to stimulate various portions of a patient's body for treating varions.:conditions are 

contemplated herein. 

[0206.1 Figure 31A illustrates a variation of a hand or arm applicator 310. The hand or arm 

15 applicator 310 may be ergonomic. or contoured. to a hand or arm to be positioned relative to or 

in proximity to a hand or arm to generate an electromagnetic or magnetic field focused on a 

target nerve, muscle or other tissue within the hand or arm. Optionally, a hand or arm 

applicator 3.10 may be designed to stimulate the entire hand or arm of a patient, for example, 

where the patient has limited or reduced nerve innervation to those portions of the body. 

20 [0207) Figure 31B also illustrates a variation of a. foot, knee or leg applicator 320. The 

.foot, knee or leg applicator 320 may be ergonomic or contoured to a foot, knee or leg to be 

positioned relative to or in proximity to a foot, knee or leg to generate an electromagnetic or 

magnetic field focused on a target nerve, muscle or other tissue within the foot, knee or leg_ 

Optionally, a foot, knee or leg applicator 320 may be designed to stimulate the entire foot, 

25 knee or leg of a patient, for example, where the patient has limited or reduced. nerve 

innervation to those portions of the 'body. 

[02081 Figure 32 illustrates a variation of a stand alone back applicator 330. The -back 

applicator 330 may be ergonomic or contoured to the back. or to a specific area of the back to 

be positioned -relative to or in proximity to the back to €generate an electromagnetic or magnetic 

30 field focused on a target nerve, muscle or other tissue within the back.. A back applicator 33€3 

may be aligned along the spine or positionable in proximity to the spine. The back applicator 
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.330 may  ntilizedfo,stimu atenerve offshontsi. dorsal:ganglion, the.spina cord itself or any 

other nerve in the body.. to treat various conditions, fOr example, to treat atrophy or paralysiS. 

[02.091 The back applicator 330 may include several coils, which may be pulsed 

intermittently. In certain variations, a sensor may be placed on muscle in dermatome to 

5 provide feedback to ensure stimulation of the proper dorsal root ganglion or vertebral body. 

The sensor may provide feedback to channel energy or current to the proper or effective coil in. 

an applicator, e,g,, in an applicator having multiple coils, 

1021.01 Figure 33 shows a system including a corded back applicator 340. a sensor 342 and 

a logic controller 344, 'Various sensors may he utilized, e.g. a three lead EMG, other EMG 

10 electrode, a microneedle electrode, or any sensor for detecting physiologic changes associated 

with nerve firing and/or muscle contraction. The sensor 342 provides feedback wthich may be 

used to monitor and/or control therapy. The sensor 342 may be used. to position or optimize 

therapy in a clinic or home healthcare setting. The applicator 340 may or may not contain a 

pulse generator and/or logic controller circuitry. Figure 33 shows the logic controller 344 and 

15 pulse generator as a separate unit. The logic controller may optimize therapy and minimize 

energy usage or overheating based on feedback from sensor 342. Optionally, the logic. 

controller 344 may 'he incorporated in€o an applicator. 'The logic controller 344, whether 

separate from the applicator or incorporated in the applicator, may be controlled based on 

-feedback. from the sensor. 

20 [02111 Figure 34 shows a system including a whole back applicator 350, a sensor 352 and 

a logic controller 354. One or more back applicators 350 may be provided. One or more 

applicators 350 may include automated therapy targeting. 'The applicators 350 may include 

multiple coils, which can be f€.red sequentially to stimulate the entire spine or chain of dorsal 

root gangl€on (with or without user or sensor feedback) for osteoarthritis therapy, back or neck 

25 pain therapy, prevention of muscular atrophy and/or nerve recovery after paralysis, stroke, or 

after suffering other nerve damaging conditions. In one variation, one or more applicators 350 

may include multiple coils fired sequentially in order to determine the optimal coil for 

stimulation based on user or sensor feedback. Once the optimal coil is determined, that cod. 

may be selected and used for the remainder of the therapy. In another variation, one or more 

30 applicators may include one or more coils that are slidable„ adjustable or movable within the 

applicator housing. The coils may be moved within the applicator housing to treat a. large area 
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andfOr to be focused on theoptimal treatment. tone based. on feedbaCk from the user and/Or 

feedback ilom the sensor. 

[02121 Figure 35 shows a variation of a back applicator 360.*.hich. may be positioned in 

proximity to or aligned alarm a spine. The back applicator 360 may have:.0gonOmic. features 

5 or may be placed in proximity to a spine or a spine may be positioned in proximity to the 

applicator 360. The applicator 360 may include several coils that are pulsed intermittently. 

As shown in Figure 35, the back applicator 360 or focused back applicator may me held on a 

patient by an ergonomic positioning element 361 (e.g., a belt) and may be fit such the cervical, 

thoracic, lumbar, sacral and/or lumbosacral curvatures hold the back applicator 360 in the 

10 optimal position. The applicator 360 may be located anywhere along the positioning element 

361 depending on the individual 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 360. In 

one variation, a coil power line 365 for supplyMg power or current from the logic controller 

364 to coils positioned in the applicator 360 may include fluid cooling, e.g.,, air or liquid 

15 cooling. 

[02131 Figure 36 shows an applicator 366 d.esigned Oriconfigured to generate a magnetic 

field focused on a target nerve responsible for phantom or neuropathic pain. The applicator.

366 or phantom pain therapeutic. stimulator unit may be utilized. to treat phantom pain or 

neuropathic pain, to provide phantom pain or neuropathic pain therapy. The applicator 366 

20 may be eruonomic or contoured to be positioned relative to or in proximity to a nerve 

responsible for phantom or neuropathic pain, 

[02141 Figure 37 shows a facial neuralgia applicator 380, Facial neuralgia applicator 380 

may be may be ergonomic, or contoured to a .face or head to be positioned relative to a face or 

head to stimulate a nerve responsible for facial neuralgias. The applicator 380 may be,

25 designed or configured to be positioned relative to, in proximity to or on. a patient's face or 

head and to generate a magnetic field f€cused on nerves responsible for facial neuralgias, 

the trigeminal nerve, to treat facial neuralgia, Optionally, a sensor may be positioned along a 

facial nerve to ensure adequate therapy and to provide feedback., e.g., to a logic controller, 

regarding nerve conduction or body stimulation. 

30 [021.5] hr certain variations, an applicator may be designed to ergonomically target 

common nerves responsible for common neuralgias €n order to treat such neuralgias. In other 
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variatiOns.,.an apPlicatOrmay.beuSed for treating neuralgias.virtually .anyWhere.On a patient7S:,

body, including in deep nerves due to the ability of magnetic fields generated. by the applicator 

to penetrate painlessly. In certain variations, an applica.tor may be designed to generate a 

magnetic field focused on a target nerve to treat central or peripheral neuralgias. 

5 [02161 Figure 38 shows a depression applicator 386 which is designed or configured to be 

positioned relative to, in proximity to or over a frontal cortex. The applicator 386 may be 

ergonomic or contoured to a head to be pos€tioned relative to a head to stimi€.late the frontal 

cortex. The applicator 386 may generate an electroma4gnet€c or magnetic field focused on the. 

frontal cortex to treat depression. A sensor may be positioned in the offilioots of the motor 

10 cortex. The sensor may provide feedback to ensure appropriate placement of the applicator 

386 or coil. In one variation, the applicator 386 may include a therapeutic coil and a targeting 

coil (e.g., a small non-treatment coil), which may be positioned a ce.r€ain distance behind the 

therapeutic coil, e.g,„ abo€ut 5 cm behind the therapeutic coil. When firing of the targeting coil 

is sensed by the sensor (or user-feedback), the therapeutic coil may be positioned in the .correct 

15 or optimal position over the frontal cortex for depressive therapy. 

[02.1'71 Figure 39 shows a migraine applicator 390 which is designed or confconfigured to be 

positioned relative to, in proximity to 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 or head. to 

stimulate the occipital nerve. The applicator 390 may generate an electromagnetic or 

20 magnetic field focused on the occipital nerve to halt, prevent or treat migraines. The 

applicator 390 may have an ergonomic design to ensure appropriate placement Over the 

occipital nerve. In one variation, the applicator 390 may be a single (or few) pulse device. 

The applicator 390 may be in a portable f7ormat. The applicator 390 may also be without any 

significant cooling features. Optionally, the applicator 390 may have cooling features. in 

25 another variation, an applicator may be a multiple -pulse, higher frequency device. Such. an 

applicator may include cooling features, where cooling is provided by -utilizing liquids or 

airflow, such as rapid airflow to cool the co€ls or applicator. 

[02181 Figure 40 shows a variation of an applica€or 39€i in the form of a stimulator coil. 

platform which may be ergonomic and contoured to a knee. The appl€cater 396 is configured. 

30 to be positioned relative to or in proximity to a knee or the applicator 396 is configured such. 

that a knee may be positioned relative to or in proximity to the applicator 396. The applicator 
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.396 may. t*Ormfigtired V generate. an electrotnagnetiOor magnetic field .foctised on the 

popliteal nerve for peripheral nerve stimulation to treat various conditions, e.g., overactive 

bladder, neuropathic pain or restless legs. In one variation, a stimulator coil. may target an area 

behind a patient's knee or the popliteal fossa, and the knee may be rested. on a stimulator coil 

5 platibrin. applicator in. any position. 

[02191 in certain variations, an applicator may include one or two (bilateral) magnetic field. 

generating coils, which may be positioned around the knee when the patient is in. a sitting, 

standing or prostra€e position. In certain variations, a pulse generator or logic controller 397 

may send energy through one or more coils to create an electromagnetic or magnetic field. 

10 The applicator or coils may generate stimulator or non-stimulator fields. Sensor or user 

feedback may provide feedback to logic controller to optimize therapy, e.g., with the 

stimulator fields. An applicator may be utilized "far generating magnetic .fields focused on an 

area of a patient's body, e.g., the knee, to treat various orthopedic indications, e.g., knee pain 

or osteoarthritis„ An applicator may be utilized for genera€ing magnetic fields focused on a 

15 area of a patient's body to treat various non-orthopedic indications, via, e.g., peripheral nerve 

stimulation. 

10220] Figures 30A-30B, show a variation of an applicator 400 which may be utilized for 

popliteal nerve stimulation andlor treatment of the knee. The applicator. may be designed or 

configured. to generate an electromagnetic or magnetic field focused on the popliteal nerve for 

20 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 is configured 

such that a knee may be positioned. relative to or in proximity to the applicator. A leg may 

rest on the applicator coil or be positioned above it. Optionally, as shown in Figure 3€3B, a 

foot rest 104 may be provided. for holding up a foot. 

25 1022.1] Figure 41 shows a system including a variation of an ergonomic back: applicator.

410 held on a patient's body by an ergonomic positioning element 411 in. the form of a 

shoulder harness. A sensor 412, and a logic controller 414 are also provided. The applicator 

41.0 may include various positioning elements 411, e.g., a shoulder harness, an upper torso 

garment, or an ergonomic back-countered plate.. The applicator 410 may be stimulator or no€a-

30 stimulator. 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 stimulation. In certain 
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VariatiOns,..orie or More:COS maybe fixed on the applicator(requiring. prior targetingbya 

healthcare provider or patient) Or one or more coils may move freely within or along the 

applicator and may be locked into position when the desired or optimal position is located. 

Cods may also move automatically in order to optimize targeting of the coil based on sensor or 

5 user feedback. The system may be incorporated into a. single unit far, as illustrated, have at 

least two components including a separate logic controller. 

[02221 For any of the applicators described herein, such applicators may include one or 

more of the following features. The applicators may be ergonomic or contoured to the specif€c 

region of the body or anatomy to which the applicator will be delivering stimulation. The 

10 applicators may be configured or designed to be positioned relative to, on, around„ or in 

prox€mity to a specific region of the body or the applicators may be conf€gured or designed 

such that the targeted region of the body may be positioned relative to, on, around or in. 

proximity to the applicator. The applicators may be operable or adjustable to allow for 

insertion or entrance of the targeted body pan or anatomy into the applicator or to allow for 

15 placement of the applicator onto or around the targeted body part or anatomy. The applicators 

may be flexible or ergonomic to accommodate nearly any type of body habitus. In certain 

variations, a. solenoid-type coil may incorporated into an applicator for delivering PEW 

stimulation directly to the targeted areas or regions of a body, In certain variations, any of the 

applicators described herein may approximate the respective targeted body area or anatomy or 

20 the applicators may be designed such that the body region or targeted anatomy may 

approximate the applicator. 

102231 In certain variations, any of the applicators or systems described herein may be 

used to provide electromagnetic or magnetic induction therapy with. or without a sensor. 

[02241 In certain variations, electromagnetic stimulating devices or applicators for 

25 providing stimulation to tissues of the human body, including nerves, muscles (includi 

superficial and deep muscles), and nor other body tissues for the treatment of various 

conditions, including, e.g., chronic and. acute pain. are provided. 

[02251 The devices may utilize an inductive coil encased within an ergonomic, body-

contoured applicator to target specific. regions of the body. The coils may be designed to 

30 target peripheral. nerves throughout the body that have been implicated or involved in pain 

syndromes. 
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[02261 The.yatiottS designs. and configuration of the devices described herein allow

easier application, 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. 

5 benefit With intermittent external stimulation by pulsed electromagnetic or magnetic fields, a 

nerve or other tissues may be stimulated in manner that provides a continued. and lasting effect 

on nerve, muscle or tissue function, without habituation. 

[02271 The electromagnetic or magnetic induction stimulation devices described herein 

substantially improve the state of the art electromagnetic stimulation technology and may 

10 incorporate the delivery of PEMF therapy into a user friendly, body contoured applicator. In 

certain variations, a delivery system for PEW therapy may include elements such as, e.g., (I) 

an ergonomic, body contoured applicator which provides for repetitive application and 

consistent therapy onto the same body area.. The applicator may be coded with clear markings 

to facilitate repetitive and consistent therapy onto the same body area; (2) the use of a. sensor to 

15 provide feedback that stimulation is occurring effectively; and/or (3) the use of intermittent 

stimulation to effectively treat various conditions, e.g., chronic pain, without habituation. 

These elements individually or the various combinations of these elements have provided for 

an easy to use, ergonomically designed system that has applications within a host of clinical 

and home ease of use health applications. 

20 [02281 In certain variations, an electromagnetic or magnetic induction stimulation device 

able to provide stimulation to tissues of the human body, including nerves, muscles (including 

superficial and deep muscles), and/or other body tissues without significant discomfort to the 

patient is 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 

25 consistent therapy onto the same body area. The design of the applicator allows for ease of use 

and also for the targeting of anatomic regions to be exposed to the impulses of the PEMFs. 

The electromagnetic stimulating device may provide PEMF in a manner that is patient user 

friendly and the device may be portable. The device may be utilized in a hospital, an 

outpatient clinic, a therapist's office, or at a patient's home.. 

30 [02291 In certain variations, an electromagnetic or magnetic. induction stimulation device 

may stimulate regions of the body to treat conditions requiring both maximal stimulation (i.e., 
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stIffkient 0.0attsetouttattion.Of:muscie fibers.and firing ofterves) as Ye11 aS$tibmaximal. 

stimulation1Which will be sufficient to provide therapy but not to cause contraction of muscle 

fibers). 

(02301 The electromagnetic or magnetic induction or stimulating devices described herein 

5 may be utilized for various indications. The indications may be divided into maximal and 

submaximal categories, in which. the former requires significantly higher levels of inducting 

current than the latter. The maximal applications of the device include, but are not limited to: 

Non-invasive stimulation (intermittent or continuous) of the peripheral nervous system for 

treating chronic pain; stimulation of a nerve for the up- or down-regulation of hormones or 

10 cellular proliferation; treatment andlor 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 Ael, repair in the knee; treatment of neurogenic 

overactive bladder and bowel; and stimulation of the central nervous system to alter neural 

pathways or up/down-regulate the aforementioned factors. 

15 102311 Additional applications of the devices include but are not limited to: treatment of 

n.europathic pain €e.g., phantom pain in limbs or other neurologic pain) or orthopedic pain 

(back and neck pain or skeletal related pain); treatment of overactive bladder and bowel; and 

treatment of arthritis and/or orthopedic. conditions. 

[02321 In certain variations, a device is provided for delivering PEIVIF stimulation to 

20 selective anatomic regions of the body, utilizing an ergonomic applicator designed to facilitate 

accurate and targeted delivery of therapy. The applicator may be coded with clear or solid 

markings to provide for repetitive application and consistent therapy onto the same body area. 

of the body. This design may facilitate the placement of the device for the stimulation of key 

nerves, muscles, and/or body tissues. 

25 [02331 lrm certain variations, a. device is provided which may be utilized to 

electromagnetically stimulate selective nerves, muscles, and/or body tissues, where the device 

is user friendly and capable of being used even by an unskilled patient in a home healthcare 

setting. 

[02341 Irt certain variations, a device is provided to electromagnetically stimulate. selective: 

30 nerves, muscles, and body tissues to provide consistent therapy, with an ergonomic applicator 
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targeting key nerves and eliminating the.requirement for a highly trained 9pekatot to 

manipulate the device_ 

1023511 In certain variations, an electromagnetic or magnetic indi i systitin or device: 

may be configured or designed to provide intermittently applied pulsed:magnetic fields in the 

5 treatment of chronic conditions, such as pain. For example, a device as described herein may 

provide shorter, intermittent stimulation to treat chronic pain or other chronic 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 well as other chronic neurological and 

orthopedic conditions such as neuropathic pain, restless legs and orthopedic pain (e .a spinal. 

10 pain, back .pain, etc.) 

[02361 In certain variations, intermittent pulsed magnetic fields Wray be utilized for the 

treatment of chronic and acute .non-orthopedicvonditions such as neuropathicpain, phantom 

pain and chronic neuralgias, as well chronic and acute orthopedic conditions, such as back pain 

and neck pain. The therapeutic magnetic fields may be applied frequently (e.g., several times 

15 a day) or less frequently (e.g., once a week or once a month) depending on the durability of the 

effect for the individual patient. Treatment involving the use of magnetic fields does not 

require surgery or needles to stimulate a nerve. Also, the deliver of intermittent. pulsed 

magnetic fields prevents the nerve from becoming habituated to .the stimulator signal by 

ensuring that there are periods during which the nerve is riot subjected to the stimulator signal. 

20 Accordingly, the electromagnetic or maunetic induction systems or devices described herein 

may provide unparalleled ease of use...non-invasiveness., reliability of therapy based on sensor 

feedback and/or ergonomic targeting, andfor a lack of habituation due to intermittent 

stimulation provided by certain systems and devices. 

[02371 In certain variations, the electromagnetic or magnetic induction systems or devices 

25 described herein may incorporate an air-cooled coil wherein the air coolant, e.g., liquid or air, 

is drawn through and/or in between the turns of the inductive coil, in direct contact with 

conductive surfaces of the coil. Drawing air or other fluid through the coil prevents the coil 

from heating up to the degree that could damage the coil and the electronics of a device, or 

expose the patient to excessive temperatures. 

30 [02381 In certain variations, the systems and devices described therein may be utilized to 

stimulate nerves for a variety of conditions, including, e.g., atrophy prevention, nerve 
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repair/regeneration, neuromodulation, chronic paiktipor down regulation of hormones,. 

restless legs, phantom pain, etc.. The systern.s and. devices may also be used to stimulate 

muscles and/or other body tissues to accelerate tissue healing, regeneration and/or growth. 

[02.391 In certain variations, the electromagnetic. or magnet€c induction systems or devices 

5 described herein and other implantable or extracorporeal devices may allow for the automatic. 

adjusting of nerve stimulation based on feedback. 

[02401 In one variation, an extracorporeal or implantable device, 0,S.4., any of the 

electromagnetic or mag.ne€ic induction devices described herein, a pacemaker, defibrillator, or 

nerve stinnilator, may include a feature that allows for automatic a₹djustment of nerve 

10 stimulation based on feedback provided by a sensor or user. This feature may minimize pam 

and power .usage while ensuring optimal therapy delivery. A device may include a stimulator 

and. a sensing component The stimulator may be automa€ically adjustable based on feedback 

from the sensor up to a maximal (safe) threshold. Each therapy may start with lower powered 

pulses, followed by increasing power pulses until the sensor detects stimulation. The 

15 algorithm allows for the minimal amount of power to 'be used and allows for automatic 

adjnstment of power settings as conditions change. 

102411 in one variation, an implantable device may include a sensor, such that the device 

can stimulate tissue or nerves and sense stimulation at the same site. For example, the sensor 

may .provide feedback to the implantable device regarding nerve conduct€on at the site of 

20 stimulation. As fibroses develops around an implant, at the site of stimulation, the feedback 

will indicate whether a target nerve is no longer being effectively stimulated due to the 

.fibroses, which will cause the power or level of stimulation to increase or decrease, as is 

necessary, to effectively stimulate the target site and overcome any obstruction due to fibroses. 

As fibroses occurs around. an implant, a. patient need not report back to a physician or other 

25 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 monitoring their therapy one day at a 

time on their own, as they notice the effect of the therapy wear of. This also eliminates the 

risk of the user being exposed to unnecessarily high power levels that might otherwise by set 

30 in order to minimize frequent return visits to a physician or operator for adjustments. 

59 
Petitioner - Avation Medical, Inc.

Ex. 1023, p. 59



Attoritey:POCketNo,:::EMKNNZ0070Z 

[02421 Figures 42A and 42:ShOW an t.kamp 10 of how the amount of stimulator- power 

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

according to the above described feature. According to 'igure 42.A, after €he initial implant of 

the device, the level of stimulator power is increased until stimulation of the target nerve or 

5 tissue is sensed (indicated by square box at, e.g., about I OMV). An effective stimulator 

therapy may then be delivered. According to Figure 42B, after fibroses sets in, in order to 

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

stimulator power is increased until stimulation of the target nerve or tissue is sensed (indicated 

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

10 fibroses required an increase in the stimulator power level to deliver an effective stimulator 

therapy. 

[02431 The automatic adjustment feature based on sensor feedback may be utilized in any 

stimulator or non-stimulator implant or extracorperal device, where the device incorporates a 

sensor capable of detecting the desired stimulus and a feedback. loop capable of automatically 

15 adjusting parameters (e.g., power, frequency, etc.) to ensure appropriate stimulation.. 

[0244j In certain variations, the electromagnetic or magnetic induction systems or devices 

described herein and other implantable or extracorporeal devices may include a feature that 

allows for automatic targeting; of coils. 

[02451 A device may include multiple inductive coils or one or more movable inductive 

20 coils. The device may also include a sensor based feedback algorithm, in one variation, the 

device includes a targeting or movable coil which may be positioned over or in proximity to a 

patient's body at a site that elicits a response that can be sensed automatically or detected by a 

user_ Once this response is detected, the coil may either move to its stimulation position, or in 

the event that a small targeting coil is used, the therapeutic coil may already overlie the 

25 treatment area. Once the response is detected, the therapy may automatically begin. 

102461 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 cm. 

to about 5 inches. forward to a position over the frontal cortex. This feature eliminates the 

guesswork that may otherwise be involved in moving or posit€oning a coil, and automates 

30 therapy based on user feedback or EMU senor or other sensor feedback, e.4., over a thumb_ 
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[02471 Figure .413A.shOws an Okample.of4deViee:.420 0Si-timed o i.a skull. The device: 

includes a treatment coil 422 and a targeting coil 423. The treatment coil 422 may be 

positioned by EMG detection with targeting coil 423 s€:imula€:ion, where the €arfgetinLg coil. may 

not move. 

5 [02481 In another variation shown in Figure 43B, an ergonomic fixture or applicator 430 

(e_g., a helmet) may be worn and a coil 432 positioned on the applicator may slide or move 

from its targeting position to its therapeutic position automatically or by user intervention. 

102491 The feature that allows for automatic targeting of coils may be utilized in any 

device designed to stimulate nerve, body or other tissues with stimulator or sub-stimulator 

10 fields in which the device may be targeted based€ on a detectable signal or response. 

[02501 Other conditions that may be treated utilizing the various electromagnetic or 

magnetic induction stimulation systems and rare€hods described herein include but are not 

'limited to: pelvic pain, interstitial cystitis„ fibtomya. gut, chronic fatigue and preterm labor, 

pain syndromes, Irritable Bowel Syndrome, Vulvodynia„1-lerpetiue neuralgia, trige.minal 

15 neuralgia and Myofascial pain. 

[02511 EXAMPLES 

10252] The following Examples are provided for illustration, not limitation. One with skill

in the art would be able to use these examples as guidelines for making and using comparable 

devices. 

20 [0253) In each example, intermittent therapy should be applied and symptoms/scores 

tracked .for a minimum of 6 weeks in order to determine the full extent of the therapies ect 

102541 Example 1: Empirical Testing of Efficacy in the 'Treatment of Neuropathic. Pain: 

The optimal stimulus intensity for neuropathic pain treatment; the optimal application. 

parameters, i.e.. frequency of stimulation, duration of treatment, loca€:.ion of stimulator coils in 

25 each disposable array of coils; and the optimal coil diameter/placement within the strays can. 

be determined using the following experimental protocol: Before, during and after treatment, 

patients will report scores of neuropathic pain after weekly stimulation over a minimum of 6 

weeks. 

[02551 Example 2: Empirical Testing of Efficacy in  Treatinent uromuscular 

30 The efficacy of neuromuscular pain treatment can be tested by monitoring patient reported 

pain scores. A standardized scale may be utilized. and, when feasible, local biopsy and blood 
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tests can benseful in deterniiningthe impact.of the therapeutic fields on circulating *tors and 

local mediators. The optimal pulse amplitude, duration, site of stimulation will be assessed 

based on reported pain scores and diagnostic tests. 

[02561 Example 3: Empirical Testing of Efficacy in the Treatment of Orthopedic 

5 conditions (i.e., Arthritis, Back pain and neck pain): The efficacy of arthritis treatment can be 

tested by monitoring patient reported functionality scores. A standard€zed subjective 

.functionality scale may be utilized and, when feasible, local biopsy may be useful in 

determining the impact of the therapeutic fields on the cartilage and arthritic regions treated. 

As cartilage destruction is a well-studied side-effect of arthritis, reduction of this degeneration. 

10 will be a valuable marker for efficacy of therapeutic treatments. The optimal pulse amplitude, 

duration, site of stimulation will be assessed based on reported functionality scores and 

diagnostic tests. Pain scores may also be measured to determine the d.evice's impact on 

orthopedic conditions such as back pain, neck pain, etc. A standardized pain scale may be 

used before and after treatment to determine potential benefit 

[02571 It is 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 resulting from the electromagnetic or magnetic field generated b

the conductive coil and delivered to a patient or an electrical stimulus delivered to a patient. 

Also, in any of the above variations, a controller may optionally be connected, coupled, 

20 integral to or otherwise in communication with the conductive coils and/or the sensor. 

Optionally, ₹he sensor may be connected, coupled, integral to or otherwise in communication 

with the conductive coil. 

[02581 In certain variations, transdermal electrical stimulation therapy may be provided to 

a patient or subject. One or more stimulator electrodes may be positioned over a glabrous skin 

25 surface overlying a target nerve of the patient. Electrical stimulation or an electrical stimulus 

may then be delivered via the stimulator electrode through or across the glabrous slcin surface 

to the target nerve in the patient, to stimulate the target nerve. The electrical stimulation may 

be delivered at a level and a manner sufficient to generate motor and/or sensory nerve 

conduction_ For example, the electrical stimulation may be delivered at a frequency of about 5 

30 Hz to about 80 Hz or about 20 HZ or 30 Hz to about 601-1z or greater than 30 Hi, while 
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remaining Safeand tolerable to the patient, The stimulation. maybe delivered .its a on-

invasive manner, 

102591 The stimulator electrode may be positioned over or on various regions of the wily. 

In certain variations, the stimulator electrode may be positioned. over a. palm or plantar skin 

5 surface. For example, the stimulator electrode 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 result in stimulation of the tibial nerve to treat 

various conditions, such as urinary incontinence or overactive bladder. 

02601 Various types of electrodes may be utilized. as a. stimulator electrode, e.g., a surface 

10 electrode, microneedle electrode, a TENS .(transcutaneous electrical nerve stimulation) patch 

or other electrode that may be positioned over or on the skin surface. Optionally, a conductive 

subs€>rr.rce may be injected or implanted near the target nerve to improve electrical  conductivity 

to the target nerve from the stimulatory electrode. Electrical stimulation may be delivered. 

intermittently or on a chronic. basis and may include one or more electrical signals designed to 

15 be constructive and/or destructive in order to improve tissue penetration and/or signal 

tolerance. 

102611 in certain variations, nerve stimulation resulting from the electrical stimulation 

therapy may be detected via at least one sensor positioned on. or near the subject. The sensor 

may provide a signal indicative of the detected electrical stimulation thereby providing 

20 feedback about the efficacy of the applied electrical stimulation therapy such that the therapy 

may be adjusted or optimized. The feedback loop may be queried such that the electrical 

stimulation therapy may be adjusted to ensure that the minimum amount of energy is being 

applied to stimulate the target nerve while reducing the risk. of burns or intolerance_ 

Optionally, the feedback loop may be queried such that the 'positioning of the stimulator 

25 electrode may be adjusted to optimize the electrical st€mulation therapy. Various sensors may 

be utilized, including but not limited to a surface electrode, a microneedle electrode, 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 related nerve. 

63 
Petitioner - Avation Medical, Inc.

Ex. 1023, p. 63



Attoriiey:PoeketNo .:ENIKNNZ0070Z 

[0262.1 In certainvariations,...a Rt m d electrode maybe utirtio.i., For example.. the groUnd 

electrode may be positioned on .the subject to facilitate penetration. of an elec€rcal current from 

the stimulatory electrode through the glabrous surface to stimulate the .target nerve. 

102631 In certain variations, a stimulator electrode may be positioned over or attached to a 

5 glabrous skin. surface with an adhesive or other form of attachment or fastener. In other 

variations, a stimulator electrode may be positioned over or held. in contact with a glabrous 

skin surface with an ereonoinic applicator, 

102641 Various applicators for positioning .electrodes over yariowregions.of the body to 

deliver electrical stimulation, e.g., transdermal electrical stimulation, may be utilized. For 

10 example, 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 stimulation €hrough or across the 

glabrous skin surface, to a target nerve or other tissue within the foot. The insole may be 

configured to be positioned in an orthotic or a shoe such that electrical stimulation may be 

15 delivered to the subject. while the subject is walking. In other variations, an applicator may be 

a foot plate or foot rest or cradle on which a foot or other portion of the leg or body may be 

positioned to receive electrical stimulation through or across a glabrous skin surface, from €he 

plate, rest or cradle or from electrodes of the plate, rest or cradle. 

[02651 In another variation, an applicator may be a glove, brace or other hand wrap which 

20 is configured to be positioned against, in contact with, or over the palmar surface or a glabrous 

surface of a hand.. An electrode of the glove, brace or wrap may deliver electrical stimulation. 

through or across the glabrous skin surface to a target nerve or tissue within the hand, 

[02661 Various applicators or ergonomic applicators may be a€ilized to provide 

transdermal electrical stimulation therapy to a subject. En certain variations, an applicator n may 

25 include one or more stimulator electrodes and one or more electrical pulse generators or 

controllers. The electrical pulse generator may be coupled to the stimulator electrode. The 

electrical pulse generator may be incorporated into the applicator. Optionally, the electrical 

pulse generator may be separate front the applicator or located remotely from. the applicator or 

stimulator electrode. An applicator may include one or more sensor electrodes configured to 

30 detect nerve stimulation and/or provide feedback about the efficacy of the applied electrical. 

stimulation therapy. Such feedback may allow the therapy to be adjusted, modulated and/or 
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OptitiliZed. A senSorlhay .detett.tho &and/or sensory tierVestimulation. Forexample., 

sensor may detect afferent or efferent nerve stimulation. In certain .variations, the positioning 

of the stimulator electrode may be adjusted based on feedback from the sensor in order to 

optimize the electrical stimulation therapy. 

5 [02671 The applicator may also include one or more ground or ground electrodes. The 

ground electrode may be a component of the applicator or may be attached to the subject 

separately via a strap or other attachment. The ground electrode may be positioned on the 

subject at a location that facilitates penetration of an electrical current through a glabrous 

surface to stimulate the target nerve, e.g., on the opposite surface of a. -body portion relative to 

10 the stimulator electrode. 

[02681 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 

15 the foot. The insole 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 variations, the applicator may be designed 

to stimulate a. portion of a hand or upper extremity. For example, an ergonomic app€.€cater in 

the form of a glove or brace may be configured to be positioned against or over the pahnar 

surface of a hand such that the electrode of the glove or brace may deliver elec€:fical 

20 stimulation across a glabrous surface to a target nerve within the hand, 

[02691 Any of the various applicators or ergonomic applicators described herein may be 

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 electrical stimulation through or 

across the glabrous skin surface to an underlying target nerve or other tissue: to stimulate the 

25 target nerve or tissue. In certain variations, an. electrical. stimulation 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. 

[02701 In other variations, one or more stimulatory electrodes may be otherwise attached 

to a skin. surface, e.g,, as a wired or wireless patch, adhesive or microneedle electrode in the

30 absence of an ergonomic applicator, to deliver electrical. stimulation across or through a 

glabrous skin surface to stimulate an underlying target nerve or tissue. Such electrodes may 
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be used in: combination with one ormoto.ground car senSor. electrodeS. Suth.Stittudatory 

electrodes may deliver electrical stimulation or an electrical stimulus at various frequencies, 

e.g., at a frequency of about 5 Hz to a,bout, 60 Hz, or greater than 30 Hz, while remaining safe 

and tolerable to the subject. 

5 102711 In certain variations an applicator may include two or more stimula€or electrodes or 

two more stimulator electrodes may be utilized without an applicator. 

[02721 In certain variations, methods, systems and/or applicators for providing an e erttv 

based stimulation therapy to a subject are provided. An energy emitting device may be,

positioned in proximity to a glabrous surface overlying a target tissue. Energy may he 

10 delivered from the energy emitting device through or across the glabrous skin surface to the 

target tissue to stimulate the target tissue, such as a target nerve, Various energy sources or 

.forms of energy may be delivered by the energy emitting device, including but not limited to, 

an electric current, an electromagnetic or magnetic field or electromagnetic or magnetic 

induction stimulation, ultrasound, or RE fields. Energy may be. delivered at various 

15 frequencies. For example, the energy may be delivered at a frequency of about 5 Hz to about 

60 Hz. or greater than 30 Hz, while remaining safe and tolerable to the subject, 

102731 The energy based stimulation therapy may be utilized to treat various conditions„ 

including but not limited to, overactive bladder, urinary incontinence, fecal incontinence, 

chronic pain,. depression, migraine, epilepsy, obesity, restless leg syndrome, or foot drop. 

20 Energy may be delivered through a glabrous skin surface to provide neuromodulation to 

stimulate other tissue. Tissues that may be stimulated include but are not limited a. central 

nerve, peripheral nerve, muscle, skin, or vasculature, Optionally, conductive substance may be 

implanted or injected near a target -tissue to improve conductivity to the target tissue_ 

[02'7411 In one variation, a method for treating urinary incontinence or overactive bladder in 

25 a subject may include one or more of the following steps, a stimulator electrode, (e.g., in an. 

applicator or as an adhesive or attachment electrode as described above) may be positioned 

over a glabrous skin surface overlying a plantar nerve or other nerve in the foot, An electrical 

stimulation may then be delivered 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 

30 urinary incontinence or overactive bladder, e.g., via stimulation of the sacral plexus or 

pudendal nerve. 
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[02751 In other variations, anyoftheNatious..eleCtrical: stimulation methods:and electrical 

stimulator applicators or electrodes may be utilized to treat any of the conditions described 

herein. 

102761 in certain variations, methods, systems author applicators for providing an energy 

5 based stimulation therapy to a subject are provided. An energy emitting device may be,

positioned in proximity to or over a skin surface overlying a target nerve or tissue. The energy 

emitting device may include any of the devices, systems or applicators described herein and/or 

illustrated in any of the various figures 1-49, e.g., an electrode or applicator for delivering 

electrical stimulation or an applicator for providing electromagnetic or magnetic stimulation or 

10 induction therapy. Energy may be delivered at a frequency of about 1 Hz to about 30 Hz 

through or across a Skin surface (e.g,, a glabrous skin 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 remaining safe and tolerable to the subject, in certain variations, energy may be 

delivered at a frequency of less than 10 Hz to generate motor and/or sensory nerve conduction. 

[0277I Energy delivered transdermally, through:, or across a patient's skin at a frequency 

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

found to stimulate or generate motor andlor sensory conduct€on in a target nerve. For 

example, energy delivered transdermally, through, or across a. patients skin. at about 1 H:z to 

about 30 Hz, or at less than 10 Hz has unexpectedly been found to stimulate or generate motor 

20 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 skin surface (e.g., any skin surface 

overlying a. tibial nerve). 

25 [02781 Various energy sources or forms of energy may be delivered by the energy emitting 

device, including bu€ not limited to, an electric current, an electromagnetic or magnetic field, 

ultrasound, or RF fields. The energy based stimulation therapy may be utilized to treat various 

conditions, including but not limited to, overactive bladder, urinary incontinence, fecal 

incontinence, chronic pain, depression, migraine, ep€lepsyi, obesity, restless leg syndrome, or 

30 foot drop. Energy may be dc.. .ivered through a glabrous skin surface or any other skin surface 

to provide neuromodulation to stimulate other tissue. Tissues that may he stimulated include 
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but are not limited a centratnerVe4eripheral nerve,:trruscle„ Skirt, .:Or vaseulature. Optionally:, 

conductive substance may implanted or injected near a target tissue to improve cond.uctivity to 

the target tissue. 

[02791 Figure 44 shows the anatomy of a foot, providing a view of the underside, sole or 

5 plantar or glabrous surface of -the toot, The medial and lateral. plantar nerves innervate the sole 

of the foot and arise from the posterior branch of the tibial nerve. Various stimulator sites for 

stimulating the plantar nerves or branches thereof may be located near, in proximity to or 

along the plantar nerves. Figure 44 shows one example of a stimulator site 510 located over 

the glabrous surface of the foot, over the plantar nerves. A second exemplary stimulator site 

10 512 is also depicted at a location over the glabrous surface of the foot, over the plantar nerves, 

distal to the first stimulator site 510. An energy based stimulus, e.g., an electrical or 

electromagnetic stimulus, may be delivered transdermally, through or across a glabrous 

surface of the foot at one or more of the stimulator sites to stimulate the plantar nerves or other 

nerves in the foot, 

[02801 In certain variations, electrical stimulation may be del€vered transdermally„ through 

or across a glabrous surface on a subject, e.g., through or across a glabrous surface of the foot 

or hand. The electrical stimulation may be sufficient. to generate conduction. of motor and/or 

sensory nerves. An electrical stimulation may be delivered by placing one or more electrodes 

anywhere over or on a glabrous skin surface overlying one or more target nerves or other 

20 taruet tissue. Stimulator and/or ground electrodes may 'be utilized. Exemplary electrodes may 

include but are not limited to surface electrodes, dry electrodes, gel electrodes, inicroneedle 

electrodes or any other suitable electrode for delivering an electrical stimulus. An electrode 

may be adhered or otherwise attached to a glabrous surface. Optionally, an electrode may be 

held or positioned in contact with, in proximity to, or over a glabrous surface with a wearable 

25 garment, cradle, applicator or body portion rest or support (as described in further detail 

herein). 

[02811 In one variation, electrical stimulation may be delivered to one or more of the 

stimulator sites or similar sites depicted in Figure 44, by positioning one or more electrodes 

over a glabrous surface of the foot, over an underlying plantar nerve or other target nerve. A. 

30 ground electrode (not shown) may be positioned anywhere on the .foot. For example, the 

ground electrode may be positioned over a posterior or upper surface of the foot to encourage 
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of facilitate deeper penetration of the electrical:tar:Oft Or stimulation through the giabro%: 

surface of the foot to a plantar nerve or other target nerve within .the feot.. 

[02821 Delivery of electrical stimulation through or across a glabrous surface of the body 

via an electrode positioned over a glabrous surface, e.g., a glabrous su€Mace on a palmar or 

5 plantar surface, unexpectedly allows for the use of a higher frequency andfor higher amplitude 

electrical pulsation or electrical stimulus to deliver the electrical stimulation than would 

otherwise be safe and/or tolerable to deliver electrical stimulation through a non-glabrous 

surface of the body. For example, an electrical stimulus haying a frequency of about 5 Hz to 

about 60 Hz (a range found to be effective for generating motor andfor sensory nerve 

10 conduction of the poster€o.r" .tibial nerve) may be utilized to stimulate a target nerve (to generate 

motor and/or sensory nerve conduction therein) or tissue through or across a glabrous skin 

surface (via an electrode positioned over the glabrous skin surface) in a manner that remains 

safe and. tolerable to the patient and avoids burns or injury. Optionally, an electrical stimulus 

having a frequency of about 5 Hz to about 60 Hz:, or greater than 30 flz. may be utilized. 

15 [02831 In contrast, utilizing an electrical stimulus having a frequency of about 5 Hz to 

about 60 Hz or greater to stimulate a target nerve or tissue through a non-glabrous skin surface 

(via an electrode positioned over the non-glabrous skin surface is intolerable and painfUl, 

resulting in burns or injury, and thus making such a procedure impractical and not feasible. 

[02841 For example, delivering electrical stimulation through a non-glabrous surface of the 

20 body, for example, by stimulating a site overlying a. nerve near the medial malleolus to elicit a 

motor response of the abductor hallucis longus, generates a painful shock to the patient, While 

at a single pulse, such as in the use for ENIG diagnostics, such electrical stimulation ma • be 

tolerable, as the frequency increases, the shocking sensation builds and quickly becomes 

pain-fill and intolerable, 

25 [02851 .It. is contemplated that other energy sources, for example, an electromagnetic or 

magnetic stimulus having a frequency of about 5 Hz to about 60 Hz, or greater than 30 Hz, 

may be utilized to simulate a target nerve or tissue through a glabrous surface in a manner that 

remains safe and tolerable to the patient. 

[02861 Various electrodes and/or applicators for applying:an electrioatio otherenergy 

30 based stimulation to a patient are described herein. 
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[02871 Figure 45 shows one variation of an ergonomic insole or shoe applicator for 

delivering electrical stimulation over €}e glabrous surface of a ioo€. The ergonomic insole 520 

may include one or more stimulator electrodes 522 for delivering electrical stimulation to a 

user_ The electrode 522 may be attached to or positioned in the ergonomic insole 520. The 

5 ergonomic insole 520 may hold or position the stitnulator electrode 522 against, in contact 

with, or in proximity to a glabrous surface of the foot. to del€ver the electrical stimulation 

through the glabrous surface to an underlying target nerve or tissue. Optionally, the 

electrodes may be utilized for providing stimula€:ion, sensing and/or grounding. In certain 

variations, the electrode may be attached to one or more wires or may be wireless and/or 

10 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 electrodes described herein may 

be durable, reusable, and/or disposable. 

102881 An electrical pulse generator 524 or other generator or controller may' be coupled to 

the stimulator electrode 522. The electrical pulse generator 524 may be incorporated into or 

15 attached to the ergonomic insole 520. A ground electrode 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 round electrode may be attached to one or more wires or may be wireless 

and/or may be coupled to the stimulator electrode 522 :std/or the pulse generator or controller. 

20 The ground electrode 526 may be positioned anywhere on the foot. For example, the ground 

electrode 526 may be positioned over a posterior or upper surface of the loo€ to encourage or 

facilitate deeper penetration of the electrical current or stimulation, through the glabrous 

surface of the toot., to a plantar nerve or other target nerve within the foot. 

[02891 In certain variations the electrical pulse generator or controller may be located 

25 distant or remotely from an ergonomic insole and the electrode positioned therein. For 

example, the electrical pulse generator may attached elsewhere on the body, e.g.„ attached to a 

belt, inside a pocket or strapped to the calf or other region of the body. The pulse generator 

may communicate with or be coupled to the stimulator electrode or other electrodes via a wire 

or wirelessly. 

30 [02901 1.11 certain variations, the ergonomic insole may be custom built into an orthotic, 

shoe applicator or other support for the foot. For example, the ergonomic insole may be built 
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into an orthotie otshoeat Iplicater prOViding th.enset*-itli thefteedont tO walk around wile 

receiving electticalstimulation therapy.. 

10291.11 Other ergonomic applicators, des€gned for other regions of the body, may 

utilized for delivering electrical stimulation ovetvarious.regiowof the body, for example. 

5 Figure 48 shows a glove, brace or other hand wrap or glove like applicator 550. The 

applicator 550 may include one or more stimulator electrodes 552, such that the applicator 550 

may hold or position an electrode 552 over or in contact with a glabrous surface of the hand or 

paimar region of the hand to deliver electrical stimulation through or across the glabrous 

surface, to an underlying target nerve or tissue within the hand_ A around electrode 556 or 

10 other ground may be attached to the hand at another location and/or may he attached to a strap 

of the applicator. The stimulator and/or ground. electrodes 552, 556 may be coupled to an 

electrical pulse generator 554, which may be positioned 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 patient to detect nerve or other tissue stimulation and to provide feedback 

15 regarding the efficacy of the therapy in order to optimize the therapy. The sensor may be 

coupled to the electrical pulse generator 554, 

10292] in other variations, an applicator may be in the form of a. foot or hand plate, cradle 

or support. For example, a user may rest or posit€on their bare foot on a foot plate to receive 

electrical stimulation therapy from the plate or from one or more electrodes attached to the 

20 plate. In another variation, a 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 insole or shoe applicator .fc. 

delivering electrical stimulation over the glabrous su.€Mace of a foot. The ergonomic insole 530 

25 may include one or more electrodes 532 .fbr delivering electrical stimulation to a. user, The 

electrode 532 may he 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 a glabrous su€face or plantar surface of the foot, -to deliver the electrical stimulation 

through the glabrous surface to an underlying target nerve or tissue. In certain variations, the 

30 electrode may be attached to one or more wires or may be wireless and/or may be coupled to 
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aaa eleettical pulse tetteratot.or othetgeteratOr or cccontroller and/or maynOt he attached to or 

positioned in an ergonomic 

[02941 An electrical pulse generator 534 or other generator Or Controller zt maybe coupledto 

the stimulator electrode 532. The electrical pulse generator534may be incorporated into or.

5 attached to the ergonomic insole 530. A ground electrode 536 or other around may also be 

provided. The ground electrode 536 may be at€ached 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 or more wires or may be wireless 

and/or may be coupled to the stimulator electrode 532 and/or the pulse generator or controller. 

10. 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 stimulation, €hrough €he glabrous 

surface of the foot. to a plantar nerve or other target nerve within the foot. 

[02951 In certain variations, the electrical pulse generator or controller may be located 

15 distant or remotely from an ergonomic insole and the electrode positioned. therein. For 

example, the electrical pulse generator may attached elsewhere on the body, e.g., attached to a 

belt, inside a pocket or strapped to the calf or other region of the body. The pulse generator 

may communicate with or be coupled to the stimulator electrode or other electrodes via a wire 

or wirelessly. 

20 [02961 The ergonomic insole 530 may include one. or more sensor electrodes. For 

example, in one variation, as shown in Figure 46, €he stimulator electrode 532 may also act as 

a sensor electrode. The electrode 532 may detect stimulation of the underlying target nerve, to 

provide feedback regarding the efficacy  o.f the applied electrical stimulation therapy. For 

example, the electrode 532 may detect motor andior sensory nerve: conduction. Detection of 

25 and. feedback. regarding nerve stimulation via the electrode 532 may provide for automatic 

adjustment of the treatment parameters or may guide or allow for .manual. adjustment of the 

treatment parameters in order to optimize stimulation therapy. Optionally, an. additional 

sensor electrode 533 may be provided as well. 

[02971 In certain variations, one or more separate or dedicated sensor electrodes may be 

30 attached to or positioned in the ergonomic insole to continuously and/or intermittently sense 

the stimulation of a nerve, The ergonomic insole 530 may hold or position the sensor 
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electri)de<against, ineOrita0Withor in prOxiinity40.4 glahrous4utface:of the:190 : io Mot. 

stimulation of the underlying target nerve, to 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 nerve stimulation via 

5 the sensor electrode may provide for automatic adjustment of the treatment parameters or may 

guide or allow for manual adjustment of the treatment parameters in order to optimize 

stimulation therapy. The sensor electrode may be coupled or connected to the electrical pulse 

,renerator, in certain variations, the sensor electrode may be attached to one or more wires, 

may be wireless andlor may be coupled to a pulse generator and/or may not be attached to or 

10 positioned in an ergonomic insole. 

[02981 A sensor or applicator with a sensor may be capable of sonsing:stimulatiou .of a. 

nerve underlying a glabrous surface allowing for manual car automatic:: feedback to adjust the 

parameters of the stimulation or the position of the area being stimulated in order to opt€mize 

the stimulator therapy. 

15 [02991 In certain variation, as sensor electrode may 'be positioned or placed along the path 

of the nerve conduction or motor or sensor)! impulse. Optionally, the sensor electrode may be 

positioned proximal to a stimulator electrode, along the nerve conduction path 

[03001 In certain variations, the electrodes may be attached to one. or more wires, ma be 

wireless and/or may be coupled. to an electrical pulse generator or other generator of controller 

20 and/or may not be positioned in 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. One. 

or more around electrodes and/or one or more sensor electrodes may also be adhered to or 

otherwise attached to the patient. The stimulator electrode, sensor electrode and/or ground 

may be coupled to an electrical pulse generator and/or each other using wires or wirelessly. 

25 The electrical pulse generator may positioned in various locations or 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. 

[03011 For example. E. gure 47 shows one variation of a stimulator electrode 542 attached 

to a glabrous skin surface of the foot or sole of the foot. A ground. electrode 546 may be 

30 attached to the foot at another location. The stimulator and/or ground electrodes 542, 546 ma 

be coupled to. an electrical pulse generator 544, which may be positioned at various locations 
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on or away fiom the patient_ Optionally, a sensor dectrode (not shown) may be attached tar the 

patient to detect nerve or other tissue stimulation and to provide feedback regarding the 

efficacy of the therapy to optimize the therapy. The sensor may be coupled to the electrical 

pulse generator 544. 

5 [03021 Figure 49 shows another variation of a stimulator electrode 562 attached to a 

glabrous skin surface of the hand or palm of the hand. A ground electrode 566 may be 

attached to the hand at another location. The stimulator and/or ground electrodes 562, 56€i 

may be coupled to an electrical pulse generator 564, which may be positioned at various 

locations on or away from the patient. Optionally, a sensor electrode (not shown) may be 

10 attached to the patient to detect nerve or other tissue stimulation and to provide feedback 

regarding the efficacy of the therapy to optimize the therapy. The sensor may be coupled to 

the electrical pulse generator 564. 

[03031 In certain variations, systems and methods for providing. electrostimulation (ES :of 

the posterior tibial nerve in individuals with ©AB and tjt pia transdermal electrical fields, are 

15 provided. Various electrodes for delivering the electrical stimulation. may be utilized, 

including but not limited to surface electrodes with and without gel microneedle electrodes, 

and electrodes under strong pressure.. 

103041 Electrical stimulation may be directed to nerves underlying. glabrous skin surfaces 

of the body (e.g., the palms and soles). Higher levels of power (than what would be a€ilized 

20 and tolerated on non-glabrous skin surfaces) may 'be utilized. when 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 electrode positioned. over the glabrous surface of the plantar surface is highly tolerable 

and results in sensation similar to that found with needle-based, invasive stimulation. of the 

25 posterior tibial nerve, but in a non-invasive manner. 

[03051 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 

continuous basis. Electrical stimulation may be delivered via surface or microneedle 

electrodes. Various devices may be used in conjunction with implantable or :injectable 

30 substances in order to improve electrical conductivity to a target nerve. As described supra., 

the various methods and devices for providing transdermal electrical stimulation. over a 
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glabrous skin surface may be used to treat any disorder that is impacted by neuromodulation 

including, but not limited to: overactive bladder, urinary incontinence, fecal incontinence, 

chronic pain, depression, migraine, epilepsy, obesi€y, restless leg, or foot drop. The methods 

may be applied either intermittently or, if necessary, on a chronic basis. A stimulator electrode 

5 surface may be held in contact with a glabrous surface via an adhesive or an ergonomic 

applicator. 

03061 Feedback may be provided to the stimulator to indicate that stimulation is occurrin€

as intended. This may involve an eMCi type measurement device, a motion sensor or other 

sensing device. This feedback loop may be intermittently queried so that the stimulation may 

10 be adjusted to ensure that the minimum amount of energy is being used to stimulate to reduce 

the risk of burns or intolerance. 

103071 lrr certain variations, the device may include an ergonomic wrap or cradle. The 

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

feedback further reducing the risk of burns or intolerance while increasing the efficacy of the 

15 neuromodulation. 

103081 The methods and devices described herein may be ut€lined to stimulate various 

body tissues, including nerve, muscle, skin, vasculature, or any other organ or tissue within the 

human body, The me€hods and devices may be used to treat any suitable condition or perform 

any suitable function via neuromodulation regardless of whether the stimulation source is 

20 electromagnetic fields, direct electric current, ultrasound, or RI: fields. 

103091 In certain variations, methods, systems and/or devices for performing 

neuromodulation and/or low frequency induction therapy through glabrous skin surfaces, e.g., 

through palmar or plantar surfaces, are provided. The methods and system may be utilized for 

treating or preventing various conditions, such as urinary incontinence I.  and or o" eractive 

bladder (OAB). 

103101 For example, a. patient suffering from Ul orOAB may:placethe glabrous<aur ace of 

their foot over an insole, foot rest or foot plate applicator to provide eOntact between the 

glabrous surface of their foot and a stimulator electrode of the insole, foot rest:, or foot plate 

applicator. Alternatively, a tethered or wired electrode may be used without an applicator or 

30 separate from an applicator, The electrode may be attached to or held in contact with the 

glabrous surface with art adhesive or as a cutaneous pa€ch. 
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[03111 'I he  electrOde €Tray: be posmoned over the glabtOtis.SitirfaCealong the 

course of a target nerve. The stimulator electrode may be positioned proximal to a stimulation 

site to ensure that afferent nerve stimulation occurs. A. ground elec.€rode may be placed on the 

body as well. One or more sensing electrodes may be placed along the path of the nerve 

5 conduction or motor or sensory impulse. Stimulator and/or sensing electrodes may be 

connected or coupled to a pulse generator. The pulse generator and. electrodes may be 

inco€porated or integrated into an insole, foot plate or other applicator. Alternatively, the 

electrodes may be connected or coupled to a pulse generator where the electrodes are not 

incorporated or integrated into the insole, foot plate or applicator. 

10 [031.21 :Electrical stimulation via the stimulator electrodes may begin at a low amplitude 

and may slowly 'be ramped up or increased until nerve conduction is detected by the sensor 

electrode and/or detected by the patient who may signal that motor conduction has occurred, 

e.g., by pressing a button or other indicator. 

103131 Once stimulation is detected, the electrical pulses or electrical stimulation may 

15 continue for the directed duration of use or therapy. Electrical. stimulation may be delivered 

intermittently to provide intermittent therapy. For example, electrical stimulation may be 

delivered for 15-30 minute intervals. In another example, electrical stimulation may be 

delivered continuously. to provide continuous therapy. 

[03141 .A sensor may remain in place for the duration of the electrical stimulation therapy 

20 to ensure that stimulation occurs the entire time or substant€ally the entire time, and to allow 

for correction or adjustment if the signal deteriorates. A controller for operating a pulse 

generator or sensor may be powered by a portable power source (e.s., a.. battery) or a fixed 

power source (eg., a traditional wall outlet). 

103151 In certain variations, the electrical stimulation -may have of a square wave electric 

75 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. 

[0316) The insole, foot rest, or foot plate may be removed frotp the body Aen therapeutiO 

stimulation is not being delivered. The insole, foot rest, or foot pla€e may be reapplied along 

30 with a sensor patch (which may be disposable) as indicated. For example, the electrical. 
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atiinulation therapy My be .administered. On a. daily basis;. Where: one: or more Of the AO-Veitcp.% 

are repeated. 

[03171 Electrical stimulation may be delivered according.to any.of the variations described 

herein, in a manner such that the stimulation provides motor, :Sensory and: ota subthreshhold 

5 stimulation, Any of the various energy based stimulation. sa!stems described herein may be 

utilized to provide therapy in various settings, e.g., in home use or to provide ambulatory type 

therapies, 

[03181 hi certain variations, as described supra, a device... applicato( pad, or g 3rme t 

e.g., a gel pad or gel pad electrode, may include one or more electrodes, or have one or more 

10 electrodes coupled thereto. The device applicator, pad, garment and/or electrodes may deliver 

or provide energy, e.g.., electrical, magnetic or electromagnetic, stimulation. through or across a 

glabrous skin surface, e.g., a plantar or pairrear Skin surface, Pain receptors may be located 

deep under glabrous skin surfaces (e.g., located on the foot or on the palm) allowing the 

patient to have a higher tolerance to pain resulting from stimulation of these surfaces, than they 

15 might have at another area of their body. Applying stimulation over these surfaces allows for 

stimulation to 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. 

103-191 lrr addition, the device, applicator, pad and/or electrode may include, carry or be 

20 coated with one or more drugs, agents or therapeutic. substances. For example, the applicator 

or pad 520 or electrode 522, as shown in Figure 45, or the applicator or pad 550 or electrode 

552., as shown in Figure 48, may be coated with or otherwise include a drug or other 

therapeutic substance. Optionally, one or more electrodes may be utilized without a pad or 

applicator and the electrodes may have a drug or agent coating on a surface of the electrode. 

1'5: 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 eliminate €he 

sensation of pain, such that the energy, e.g., electrical s€imulation, may be applied or delivered 

at a higher frequency, higher power, greater strength and/or longer dura€:.ion. The drug or agent 

30 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 €he glabrous skin surface of the patient when 
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the applicator pad. or eleetrOde is applied to the Skin, thereby applying the. drug to the skiii. 

The drug or agent may be provided in a slow release form or as a slow release drug or agent, 

such that the coating provides a Slow release of the drug, agent or active ingredient into the 

patient. Any of the applicators, pads, insoles, gloves, wraps, braces, plates, platforms. 

5 electrodes and/or other energy delivery devices described herein for delivering stimulation, 

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

above. 

[03201 In certain variations, stimulation energy ...47intulatiOn such. AS. electrical, 

magnetic or electromagnetic stimulation, may be provided through a glabrous skin surface at 

.10 parameters that. overcome or avoid habituation of the targeted tissue to the stimulation. For 

example, stimulation may be provided, e.g., continuously, for 10 minutes, where the 

stimulation is automatically paused or stopped for about a 30 second interval every 10 

minutes. This intermittent pausing or interruption of stimulation may prevent or overcome 

habituation of the target tissue, e.g., nerve, muscle or other tissue, to the delivered stimulation. 

15 [03211 in one varia€ion, the treatment parameters for stimulating a target nerve or other 

tissue through a glabrous skin surface, e.g., a plantar or palmar skin surface, may include the 

following: Apply electrical or magnetic stimulation for a duration. of 30 minutes, pausing for 

about a 30 second interval after 10 minutes of stimulation and then again after another 10 

minutes of sti.mulation. In other variations, the treatment parameters may vary, e.g., 

20 stimulation ma be applied for an interval ranging from 0 to 100 minutes or greater or as 

necessary to treat symptoms, in certain variations, for example, stimulation may be applied or 

provided for 20, 40, 50 or 60 minutes, in certain variations, for example, the pause in 

stimulation may be for an interval ranging from 0 to 100 seconds, or 5 to 60 seconds or 20 to 

40 seconds. 

[03221 In another variation, a sensor (e.g., :EMC.i sensor) may be utilized, which may 

detect signs of habituation, e.g., decreased stimulation or excitation of a target nerve, muscle 

or other tissue (or lack of any resulting stimulation) or a reduced response to stimulation. 

Through a feedback loop, detection of habituation or stimulation levels by the sensor, may 

automatically cause the stimulator to pause or stop delivery of stimulation to the target nerve 

30 or tissue for a predetermined interval or duration or until habituation is no longer detected. In 

any of the variations described herein, the st.imula€ion may be paused automatically, manually 
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or via Other: 00.1ittOls Or via an electrical pulse: generator or. controller in a predetermined or 

preset manner andior based on feedback provided by a sensor, 

[03231 In certain variations, electrical energy or stimulation may be applied to glabrous 

skin surfaces through electrodes, e.g., conductive .microneedle patches, needles, or other 

5 electrodes, or by utilizing any of the devices or applicators described herein. N, nious 

electrodes, devices and/or applicators for providing stimulation may be applied to plantar or 

palmar surf≥ices of a. patient. For example, if applied to plantar surfaces, electrodes may be 

applied to one foot: or both feet. lip cases where the stimulation is applied to one foot, the other 

foot may be used as ground, stimulation may be delivered into one foot and out the other 

10 foot. Various conditions may be treated using the devices, applicators and/or electrodes and/or 

the various methods, therapies and treatment parameters described herein, urinary 

incontinence, Overactive bladder, epilepsy, migraines, and depression, etc. 

103241 In certain variations, treatment of a patient using electrical stimulation may he 

monitored andlor adjusted based on the detection of feedback signals using primarily F-wave 

15 detection or based on the detection of .F-waves or M-waves, e.g., in a toot 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. monitoring and/or to adjust the applied stimulation therapy. Optionally, 

stimulation may be ramped up until an F-wave is detected and then adjusted as necessary. p- 

wave detection. measures nerve conduction velocity. F-wave detection may be used as 

20. opposed to H-reflex detection, which measures reflector- reaction from muscles. in other 

variations, optionally both F-wave and. H-reflex detection may be used or solely H-reflex 

detection may be used. Stimulating to a sub-motor stimulation may be performed. :In certain 

variations, F-waves, M-waves and/or H-reflex may be detected in the foot, hand or other body 

part. 

103251 Electrical energy may be appl€ed 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, electrical energy may be applied at a frequency of 5 Hz to 20 Hz te,g,, 

to provide sopermaximal stimulation) in a. train of 5 pulses followed by a .1/4  second break, and 

€:hen another train of. 5 pulses. Up to 1.0 pulses per treatment cycle may be provided. The train 

30 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 about 
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2.0 Hz. The 1/4 second break time May be.. .VOtied as. Well as the number of ptdses:..applied and 

the number cif cycles_ This pulsed treatment may be applied th.rou€h one or more or several. 

cycles. The pulsed treatment or stimulation may produce F-.waves which may be detected. in 

certain variations, any of the treatment parameters as described herein may be applied where 

5 only half of the pulses are stimulatory, e.g.„ one or more cycles of pulses may be provided at 

20 Hz, where only half of the pulses are stimulate€y_ 

03261 Certain frequencies, e.g., frequencies applied at greater than 20 Hz, may lead to a 

pain-fill condition called tetany (i.e., painful, involuntary muscle cramping}, which is an 

indication that the upper level for frequency has been reached in the patient. Tetany may be 

10 monitored using a sensor, e.g., an E.€MGG sensor or Electromyography, to provide feedback 

regarding tetany. Totally may be distinguished by E.M.G. Figure 50 shows an example of an 

ENIG reading showing a gradual increase in the detected level of stimulation or electrical 

activity, up to a level where tetany is likely experienced. Once the system detects the 

beginning of tetany or provides tetany feedback, the treatment frequency or power (of the 

15 stimulation delivered by an electrode or device) may be reduced, adjusted or halted 

automatically or manually. The frequency at which tetany is experienced may vary in 

different individuals. 

103271 in one variation, a treatment device or applicator for delivering energy; 

electrical enemy. may include a platform with one or more. microneedles, xis icroneedle 

20 electrode, or other electrodes positioned upon the platform. Microneedles may vary i.€t length 

to penetrate different layers of the skin, e.g., to penetrate a callus on the skin. A patient may 

place their foot upon the platform to receive treatment. Optionally, a separate strap having a 

feedback/monitoring electrode or electrode sensor may be wrapped over the foot to place or 

position a .feedback/monitoring electrode on the patient. The strap and feedback electrode or 

25 electrode sensor may be coupled to the platform or be separate. In another variation, the 

stimulatory electrode. may be positioned in a shoe, sock or glove of a patient. Ira certain 

variations, a TEN'S electrode or stimulator may be utilized. 

[03281 Detection of stimulation, excitation_ or conduction using a sensor may provide 

information to optimize or adjust the applied therapy. If no or reduced stimulation, excitation, 

30 electrical activity, response, F-waves, and/or EMG is detected during treatment, this may. be 
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indicative of-4 .mis-p0aitiOned food.. . palm car. other body part relative to the one or more 

electrodes or the device or applicator. 

[03291 Various conditions may be treated using the devices, applicators and/or electrodes 

and/or the various methods, therapies and treatment parameters for providing stimulation as. 

5 described. above, e.g., urinary incontinence, overactive bladder, epilepsy, migraines, and 

depression, etc. 

[03301 In certain variations, electrical, electromagnetic, magnetic energy and/or other energy 

may be utilized to provide stimulation according €o any of the systems and/or methods 

described above. 

10 [03311 Each of the individual variations described and illustrated herein has discrete 

components 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 objective(s), spirit or 

scope of the present invention. 

15 [03321 Methods recited herein may be carried out in any order of the recited events which 

is logically possible, as well as the recited order of events. Furthermore, where a range of 

values is provided, every intervening value between the upper and lower limit of that range 

and any other stated or intervening value in that stated. range is encompassed within the 

invention. Also, any optional feature of the inventive variations described may be set. forth 

20 and claimed independently:, or in combination with any one or more of the features described 

herein. 

10333] All existing subject matter mentioned herein (e..g, publications, patents, patent 

applications and hardware) is incorporated by reference herein in its entirety except insofar as 

the subject matter rimy conflict with that of the present invention (in which case what is 

25 present herein shall prevail), The referenced. items are provided solely for their disclosure 

prior to €he filing date of the present application. Nothing herein is to be construed as an 

admission that the present invention is not entitled to antedate such material by virtue of prior 

invention, 

[03341 Reference to a singular item, includes the possibility that there are plural. of the 

30 same items present. More specifically, as used herein and in the appended claims, the singular 

forms "a," n, "said" and "the" include plural referents unless the context clearly dictates 
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otherWiSe i§-failliet noted that the claims..May be .elrafted.tOottludeany optional ele.€rent. 

As such, thiS statement is intended to serve as antecedent basis for use of such exclusive 

terminology as "solely," "only" and the like in connection with the recitation of claim 

elements, or use of a "negative" limitation. Unless deft€ned. otherwise, all technical and 

5 scientific. terms used herein have the same meaning as commonly understood by one of 

ordinary skill in the art to which this invention belongs. 

[03351 This disclosure is not intended to he limited to the scope of the particular forms set 

forth, -but is intended to cover alternatives, modifications, and equivalents of the variations. 

described herein, Further, the scope of the disclosure fully encompasses other variations that 

10 may become obvious to those skilled in the art in view of this disclosure. The scope of the 

present invention is limited only by the appended claims. 
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CLAIMS 
'What claimedis: 

1. A method for providing tra.nsder .1. 1 electrical stimulation therapy to a subject 

comprising: 

5 positioning a Stin ula - electrode over a glabrous skin surface overlying a palm.  of the 

subject; 

delivering electrical stimulation transdermally through the glabrous skin surfac.e and to. 

a target nerve or tissue within the hand to stimulate the target nerve or t€ssue within the hand 

until pain felt by the subject is mitigated; 

10 providing feedback signals based on IF-wave detection; and 

adjusting or optimizing the electrical stimulation delivered through the glabrous skin. 

surface and to the target nerve or tissue within the hand based on the F--wave detection. 
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ABSTRACT OF THE :DISCLOSURE: 

Various methods and devices for providing transdermal electrical sti.mulation therapy 

to a patient are provided_ in certain variations, a method may include positioning a stimulator 

electrode over a glabrous skin surface overlying a target nerve of a subject. Electrical 

5 stimulation may be delivered through or across the glabrous skin surlhce to the target nerve t 

stimulate the target nerve, while remaining safe and tolerable to the patient. Electrical 

stimulation may be delivered at frequencies that may be painful or intolerable when applied 

over non-glabrous surfaces of the body. Various applicators or devices for providing 

transdermal electrical stimulation therapy are also provided. 

10 
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