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Massagers typically enploy nechani cal neans of
i ntroducing significant deflections (i.e.
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alignment problems, or adjust posture. In so doing, they may effect beneficial changes in

balance and gait, but do so by providing passive mechanical support.

[0005] Wearable massaging apparatuses for feet are also known. For example, wearable
foot massagers are described in the art (e.g. U.S. Pat. No. 5,835,899 to Reilly, U.S. Pat. No.
5,913,838 to Reilly, and U.S. Pat. No. 6,464,654 to Montgomery). Massagers typically
employ mechanical means of introducing significant deflections (i.e. suprathreshold
stimulation) of the skin and subcutaneous tissue, including muscles.

[0006] Moreover, wearable foot heaters are described in the art (e.g. U.S. Pat. No.
0,657,164). These devices are typically directed toward pain relief, encouraging blood flow in

skin, and maintaining thermal status of the foot, rather than to improving balance or gait.
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for providing this flow of sensory information from the extremities. Mechanoreceptors

transduce mechanical stimuli from the body’s movements and interactions with the
environment into electrical signals that can be transmitted and interpreted by the nervous
system. Mechanoreceptors of various types, and found in various anatomic structures, have
been identified by researchers in this field. For example, Pacinian corpuscles and other

related sensory neurons, found in the skin and deeper subcutaneous layers, are sensitive to
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sensorimotor performance in individuals with no neurological deficits.

[0017] The present invention advantageously provides novel methods and apparatuses for
improving balance and gait by applying neurological stimulation to the soles and other
surfaces of the feet. Further, the present invention advantageously provides novel methods

and apparatuses for improving balance and gait by applying neurological stimulation to the
ankle.
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least one bias signal inputting means, a controller means for controlling the at least one bias
signal generator and the at least one bias signal inputting means, and a power source
providing electrical energy to the controller means and the at least one bias signal generator.
[0025] Another aspect of the present invention is to provide a wearable system that
includes least one electrode placed on or near the foot and/or ankle that provides electrical
stimulation to the mechanoreceptors of the foot and/or ankle.

[0026] Another aspect of the present invention is to provide a wearable system in which

the bias signal inputting means is a stick-slip electrode system comprising an electrode pad
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a time duration sufficient to avoid placing the actuators in its natural frequency of vibration.
[0033] Another aspect of the present invention is to provide a wearable system in which
the platform comprises a plurality of actuators adapted to create a vibration when being
electrically biased, and wherein the at least one bias signal generator is adapted to generate an

offset driving signal in addition to the driving signal so as to place the actuators in an inertia-

overcoming state to improve the time responses of the actuators.
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means for stimulating the mechanoreceptors of the foot/ankle.

[0041] Another aspect of the present invention is to provide a wearable system
comprising adjusting means for a wearer to adjust the amplitude of the bias signal, including
threshold and therapeutic levels.

[0042] Another aspect of the present invention is to provide a system for optimizing

neurological stimulation which includes a wearable platform having at least one bias signal
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arranged in such a way as to effect adjustable

vi bration propagation, and a plurality of actuators
weominsweed at a predeterm ned spatial separ at PONUS2004/006864

between the plurality of actuators to optimze the

e TR LI
one bidk Sighsl GeferiRALANE! BY348I8 zli !Tr&?ﬁﬁ}g &fEnal B RSt 8Pl leaelltst one bias

. generator provides a signa a predeternmned at
signal| ipiting meanse p eentrdllee meanstfor cordrotlingstbe pelsabnphins signal

| lLabl e. signal. anplitude, frequenc ontent,
senerfat INGSARARLL BBL oS L DR ARl YR Lo PR Sl
effectinly thdeonioB 6Lk chMysiTk hiehnd dirin@ aBloPYhEitidn akkes

systemin which stinmulations are alternately provided

commypicgtien eaprhebwesndhe wmote external coumutertand dwmohtiollayeid a

f therapeutic . ..
e a5 00ROy BRRRERERRL s PSR gt
whereasihe cémott ekteenap canputr is agNéd wroottntcdds With dige @ntroller to effect
.wearabl e system_  copprising neans for determ ning gait
varying pigssugnats ijputfed lﬁioégg atlpast aeshiasyigpal dppugiingomesns, while responses
o E S8 L 8, PRI AEANS SIS R PREE R oyt
measusecs sdhwtein thegamperroinguteo ismdepted ¢o detevednathe@ptival Biay signal

I.,S4 her. di ati f i di .
e TR .
the re@bieBttediidl REmpHRr SBRERAHNS ﬁ%ﬁgbﬁ?ﬂaﬁle%s fohestbagda/ nkd nses of the

0041] Anot her aspect of present invention i 0

subjechragditrremojpentenpplecompates includsproass fmgrmjvﬁ@ it)ndgfeméims
. st t-he- anplitude of the bias

reSporgslg%%gﬁn\,Qﬁ?%%?J%?Orlrge%}?ﬁltraseéﬁ%aﬂ&g@heg't her apeutic |evels.
[0043] 004 otHeratieet ofthp eaikefindchBopisas 9fﬁvide"metﬁbd iﬂﬁ prévilidg

rovide a systemfor optimzing. neurol ogica o
neurolggje “él%‘ﬁ%)fwﬁ@a&‘?ar% TaE whigh dnediics T Sreor prnidingg
v 831 898303 ey L AOALOI05LA s g
couplest to e ertel @mmare seursés of ssumwfation, acomtrotiér far t@sitollsapbihe @iggal

t least one bias signal generator apted to provide
senerbr 5 o &1 pily P h e VEHBE e PaHSt terecgnge Tevel of orm of
stimul&fi@f)ahd b&tPitiht B@ STBANSeneAtGARA SQ)H18he FRANiFAI to the one or more

controlling the at | east one bias signal generator

sourceg @ stipplagien foesisnulen meashansrestpfaed baserhbon & detgrmmisech therapeutic need

; ter r..for ffecting.the control. of
of an SERAEL SR e ST e v su i O bfie B oamsee
measuaing an individa#td threshstd i cbeftsepefioh Rethe areate rextvesialation and
conputer and the controller, and a neasurenent neans

adjustingor pEogtapmng i eontedlsbiesestral the hias signnl esupjatesto pepduce a
therapehti el A1 tﬁéjinggstu?éél thrediH3 &Rl édﬁ%tcg&ﬁﬁ}g% %)i{le%‘%%klc need
conputer Is adapted to conmuni cate w t contr er

of an indivetupk end wherein the measuring of a threshold level comprises a tracking
procedure which begins with a minimal or maximal signal and makes incremental changes
towards the final threshold based on an individual’s response.

[0044] Other aspects of the present invention will be apparent in the description of

each embodiment discussed hereafter.



varying bias signals inputted into the at | east one
bi as signal inputting neans, while responses froma
W@ iegts28 n contact with the platform and execRECT/NER084/006864
prescri bed task are observed and neasured, wherein
the renote conputer is adapted to determ ne the
opti mal bias signal paraneters sui table for the

subj ect basggy

subj ect, mhereln Eﬁﬁé reng¥£ externéﬁgbonpu er selects
[0045bi asTlIsi igvmitlop arid e betta underttesd atxhsspdcte of thedpamsiess éther than

th S ect.,,..and the renote external conputer
those ) pribavaaboraRe HgeEmT WAEP stiderdion 4t syen futbp felkowdng
@ﬂmﬁdg@&ﬁ@ﬁxﬁﬂgkgpt for each bias signal applied. [00431

her aspect of the present invention is to provide

[0046]‘n9t Hfi@ flars q:mreamloclad] glewrd?wrsbboglsolalmm avodrdtngdn aifirsta

emool O P B POl LT B ooy B BB dron

[004751 | NEHRYD Y sidd vieRAsTithORSo18 if3Balof SR elraalh%ed GRURIsesE.t O
the one or nore sources of stinulation, a controller

[00481 or Id6hie &4 penspective §pywéfhe inwheinserbaccording to theest
wering the controller, selecting a
embo@%&%kXgigﬁ%gﬁyﬁgkmgglnulatlon and actlvatlng t he

[0049%i gNElIG. Qe ixemadverallgegspettprl Wéwof & ddpasibRi @idakcdrBinkhé a second
ne nmore . sources of stinmulation to stimul ate
embodigeh?

plor weaphle peurglogical Yrnuating davifend dha preyeap Biyention.
[0050 eedFICP be Lagdiu e d1 Eﬁb Ba& Berit. OB iter S8 BG L LA,
g st mu

| evel orn1o tion conprises neasuring an
[0051] ndi Kid Gais espdr#peem’wi'ldwloé wdhirdémisetinant ofa wearithenanelagical
timulation.and adjusting or progranmm ng

ej ve
stimu 8ng% %%ﬂiﬁ%?“?%ugﬁﬁ??%ﬂ the bias signal generator to

[0052P" OCIECE 3B is A EpRRRUNIGw bEME lanikie lcatiisHSwh th It 3easur ed
threshold |l evel and according to a therapeutic need

[0053bf ARG Adisvd pruspectiemdewioé p &at apd enlte hsmessragcofling to a fourth
embo%ﬁ%%?@t% &;?411&3/18 61?1‘8 aISSImH al:tlc;na el%c%g)rﬁ 5 eré‘%%%ﬁwgéw L,ch

[0054] nCrEEAb & a ﬁh@ﬂ]@ﬁ&fﬂﬁ@ﬂﬂﬁﬁs smchzea fni 1. 48.hr eshol d based
on an jndividual's response. [00441 O her aspects of
[0055] he FifCesetta ResRSREY YOOl P eaenepisike davice fecprding to a fifth

embol BRI 00 L80eTs e RO PR AR R e SRR By o
[0056THE DRAYS NGEb¢t@od flan Vieev ofranentdlahikepbitiohef et gaement-like device
inFI(%JEgerstood and aspects of the inventions other than

3dse set forth above will becone appar ent when
[0057¢ ONSFIdEKatd Qﬁbrép%cﬁ‘i/é/ﬁgwto@ a'h@& 1f1ééhl a%%lﬁﬁlg tél %tfﬁﬂ{ &ﬁ’bodlment ofa
description thereof. [0 a i s an expl oded

wearaplegiguisflogical samulatign Idevmm@@ ¢ p@s@m mfen‘gon o a first

[OOSSE av ?@Igrng%i Est %%deg\rn\gg 2 L i l ez{/rrglgz uttl%eo(%vfc%l of %&d}gu% aagr{d%.

[0059] FIG. 6 is a side view of a sock like dev1ce according to a sixth embodiment of a
wearable neurological stimulation device of the present invention.

[0060] FIG. 7 is a bottom perspective view of a seventh embodiment of a wearable
neurological stimulation device of the present invention.

[0061] FIG. 8ais a top view depicting a shoe insert with the incorporation of vibrational
actuators and thermal elements.

[0062] FIG. 8b is a side view of an embodiment of the shoe insert of FIG. 8a with the

incorporation of vibrational actuators and thermal elements.
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[0047] FIG Ib is a side view of the insole insert of
FIG 1 ainserted into a shoe. [0048] FIG 1 cis a
w@engpeses ve view of the insole insert accordi PQI/US20041@6864
first enbodiment of the present invention. [0049]
vi ew of li sposabl e

10063} TIEE 8¢ B 0% e BRbSBGasb b sebmonn aT o ard
electrov@bgretio gbt@ator Sicbipataadd difbcﬂ? #it6 @he%fhoE BReR Eﬂ%?&ﬁt&

invention. [0050] FIG 2b 1s a side view o _
[0064h| spdSaB és piide siewrif@n epdodinst obdie ishteingersOING. 8a with

sl g OB B e o

[0065Hevi K6, 88 id hddpriewolandthsemibodinedt Qs@ﬁ?e]shgé ﬁ%se& Bf FFG &} with
expanded view of the ankle cuff shown in

Vlbratfoe?cmﬂa‘fqm wounigd pg ap opler wptice pf/téle\sh@wnseprt 2t oot an d
[0066Pnk|ﬁ(3h 94 pseagt%gl gegs?éﬂi QG chfe { g ines, 1@288?25'3 télators hd

wear abl e neur st nul at i on ( _
vibratjpngsepagation/mansan a sh¢eddinset]. FIG 4b is a side view of

0055] FIG 5
10067 JI8 B 55 SAtPu101 a1 gabrdmicnt pie tedtee iBE LG ng to
[0068R fiHItGNoc AMRGEH BN Hf Qﬁotﬁer"é’ﬁﬂfoﬁﬂﬁéﬁt REHER rﬁgtluf:e%k;gég(ﬁa

stinmul ati on device of e present invention
[0069F| GF16H94 & ssidovicwmt pmaher\mdwduﬁemloft}m&ﬁhemfs 1|1<1€FIG 9a.

0oLl 15 TEDE b SFlF e ble So °°

[0071pCCHIG DYisted iBudtiatibh of—‘g@h@ﬂl’l U@Iﬁﬁné’{)laﬁes e &QLIH% points from a
neur ol ogi cal_ stinul ati on device the p esen

VleWPPW@@fﬂhPé‘ﬁdefEldBB@} fof.c 5d is a side view of the
[0072f|-32r arﬁg}t iskaede%l?c\ﬁ]pﬁ 6rd gn&gfgzg‘??(sh Iéldg?og@ é&%o-s%cqrgi%g tg one
embochnmhﬂbf&hdﬁpxdsamntvemtiom vvear abl e neur ol ogi cal

ti vi.ce e present invention. [0060]
100738 P15 ARG dBiiGRe P mepoeinenioUintsnd acieivesihn siulation
param@t@ﬁ%'ar!ﬁﬂétlo%fof@e%@ﬁs%bic@old % gho %ggzhn%h @"ch%‘éﬁr?ent invention.

devi ce of the present I|nven |on
[0074} op RiGeld Bapleptcting ofa singse dnsmgmgmﬂl el eproduce mechlamcal noise
nd thernma

with a é’? g%en%?l; altnllg%%ggr{al t\éll o%rg}gréfoa[% aémg &éc %.:gaa gstiget relationship
betweanteid inB g fdrib e oheg: dnaskifut dleqfiddsy. 8a with the
oration of vibrational actuatofs and ther nal

[0075]|e |n g ol &t Ka depigs 2061r0R0 SmingroT wEponias 60686ble angagical

' f an enbodi nent of conponents
Stlmulg&ogd&&r?gzt& F% 1¥1g&nrglgffﬁetlc actuat or incorporated

[0076]di r &¢G| I4h deprtd hegysehofor hisgy ind@tiediziak a wearable neurological
stimulation device of the present invention while a wearer of the device is performing a
predetermined task.

[0077] FIG. 15 is a high-level block diagram of the electrical components of an
embodiment of the present invention.

[0078] FIG. 16a is a block diagram of a method for determining sensory threshold of an
individual.

[0079] FIG. 16b is a block diagram of a method for determining an optimal stimulation

for an individual.



[0064] FIG 8d is a side view of an enbodi nent of the
shoe insert of FIG 8a with vibrational actuators

worwabgd2on an outer surface of the shoe i nsereCT/PID6HP06864
FIG 8e is a side view of another enmbodi nent of the

mount o0 eI GRAEPESGRETHONOF eI °  006e

[0080F! G THeugl®uthipevifientiodfand tisd drbhins! BodrEetss 6 B8 this
vi hrational actuators and vibration propagati on nmeans

SPGlei“l%’ﬂan’ SHBEriraldehels of me6vyslrshawnaly dissussedifelsures may bf ramsed in
anoth&fﬁl)%ﬁlg?@.l Ott) 1{1&1&1@ %1%‘1&15‘ ?eﬁﬁlrég] FI G 9a. [0068] FIG

Iew of ano énbodi nent of the

[00815t r (With m"enencd:m@v ttfRadrawin@6) 89GSFl 431 ¢ ARksirsted ﬁb%ﬁbﬁﬁﬁ\ént ofa

th embodi nent _of the structure in FIG 9a.
Weafa%é?‘n?mr@l dhe gesent myerfiogdn (hedfprms of a shesvivsele fnsart. BIG. lhdepicts

an exﬁ@)déd(%ﬁé’w 8f iHa 11%0% in9&t d%v@%z[ﬁ% i§ !:()Cfis rgug[eﬁ 3f & seaferﬁlil layers, The top

| ustration of genera FUAed oL
layer Hb@ﬁ‘th@ m‘SO]@m aconfoemgbdé fiexibik laerEwhthqfrsvld% DEorafokt@®lt interface

betwel e rosdad gtk FuReBRRIss ProAest Wi dmigiioas Cortyars and
variatioheBettckha EstddQ: trdd@@h3l mEdléé It ﬁncgu;a SAER] el 0.2y cflotﬁ‘ or

met hod for controlling and adjustin t e stinu
gels. ’]B)@rl&tﬁﬁtl@l@e layenl ¥ isrpotenoloswe CQté&llnug arsehageabicbatigryt sQ)urce and a

oy BT B P (TR B o
and smphﬂmlenmsfdﬁaﬁax@aﬂg Defa8&of the bittety, Fﬂoﬁﬁgpﬁdﬂ in’d’él?ﬂal %enerahon

ity of rotary actuators whi ‘ch have a dis
Clrcu“:%é %@ﬁgﬁ,%ole@gpmnv ithibp fearkiagsy o fthisl androithar epbedinteatyeof the

ut frequency. [0075] FIG 14a depicts a system
presen?gg/e%gnlfng and optim zing a wearabl e neurol ogi cal
[0082)t | rlﬁ,lbtatqrmfayehelﬂ gevofinthe. briesemprisddveEn h@erialltR4 €8 propagate

vibratigh Sigiinaly 8 BGioB e &fver e b H] iz o heigcorsorated in
any offh€BS&E bl YRRk RNy WYl End b\é’%?d’l dQ{l gg@]n{’@i é&?]fgg’r 10. The

performng a predetermned tas
actuatwgwi pleaygl, ats| eomiprisedgf e type otrrecomhteinatidnoetty s mﬁaaﬁﬁtbﬁ;

1ncludﬁ1lg é?é%&‘g g?r?e%cn%lgéhé o&gé@apﬁ%s@ﬁ sta thggﬁg%)lrg &rg [191t1n0
plezoe%tr&i) MydiangicSeRrRembc, o &Hhol decdbadie plo'l‘ﬁhé&4 QtH af he actuators are
|G 16b is a bl ock di agram of a neth
d“"en&’é(tﬂé? %ﬂ?ﬂ | ggnespii Qi iTcRETY terofveas m@nﬁetmnmanc |nnd;ly;/q>rd ual .
determ®nistic signal (i.e. bias signal) at the surface of the foot through the insole material
layers. The bias signal can be of a subthreshold or a suprathreshold level. Details of the
driving signal generated by the signal generator and the bias signal from the actuators, as well
as the ranges of bias signal frequency, will be further disclosed in another teaching section
relating to the controller in this specification.
[0083] The vibrational multilayer structure of FIG. 1a is controllable via a controller for
the therapeutic stimulation level for each foot 13 during a fitting session and inserted into
their shoe 14 for use.
[0084] FIG. 1b depicts the vibrational insole insert being used in a shoe 14 to provide
stimulation to foot sole. Following use, the battery power source in the insole can be
recharged using the interface port 16 and an external charging cable 17 shown in FIG. lc.

The interface may also include a communication interface for coupling a controller with an
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WD 2004/ 080528 PCT/ US2004/ 006864 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0080] Throughout this specification
w@ea4080E281r awi ng figures associated with this PCT/US2004/006864
specification, nunerical |abels of previously shown or
d' cussed features may be reused in  another draw n
exterra é‘?ﬁ“‘é’* fg’é“i“f?é‘? %’%{?@als"rq)’;fngfha%%%tﬁr wying B@S&a]fmwltghan other
purpob&f erence now the drawi ngs, FIGS. 1la- I c illustrate a
first enbodi ment of a wearable system of the present
[0085] nv&rifG. dndépcts He doompisted assersblyand psrgranmmmmterfal%d: &f tha

.a de pl oded vi.ew of t 0 sert
mult R R e TD I e P Y mepliered TRATHEe el gy als
serve la@él ﬁfo gtpbﬁ AISAhE vib%atﬁ)nqwéﬁsoe[dﬁ%%ﬁlsftb ®%laftbRd! BY Efample.
provides a confortable interface between the
The C@I@ﬁmn@ﬁ@oral@tey@p@mam bﬁpcmeadtos: optlrml semad pr papbel chfirascation. The
%_\ gﬁ ( Lo £onto usan1 ans | nthch%ness
commpbfta oty tnterne ia) afia bd  yles |‘Er Och‘B? ot R A T
[0086] Oam‘hthﬂilehms@f in EISS la-Tb dedciibed fRAk ai@uded Y iratldnal &irBflators.
encl osure cont ai ni ngb§a rechargeabl e battery source and

Howeyer, thrier Byerpldkraielse bsiagnpipd terrepmmogpic elackrifial stymulalers which
may b@ c?flﬁlfclogfgl%l%brrg \Ql'%th %Eg gr a{\}?\n&?l &¢ ot(f‘l ré L, fratfb%gll %ct\%attors located
in or ccmht:bﬁier piockmeationei lgyak. generati on CI rcuitry wll |
ec re parent with the teachings of this and .
[0087Et hehor elrg e sk, Pheor BPEOE AtsPP Entsusible [B6agslie
1 & QY ded AR biR&E
© ecu&n%%??%ygea%hat&s c%giﬂpr opgfgégﬁe vqhgrsglt%}loﬁgp }fl ci gﬁ% f)pa
subthms;hql@te@plsa Fuprathyeaskelddéuely oa aliérbating tetwdenshe tar Lwelmay abewed by
the tvhlGQLR léed | any of the layers but traditionally
© y%q d'R f%é‘s‘? ncluded in the confort top |layer 10. The
[0088RCt UWhDE Grearft}l ths REWR nedfoto S QIR ERH0PTNsEREN FYBS. PL1&in the
combi nation of types of actuators, including
shoe, thediser wlegiat AN IPE wEIehbinfee Hasinsivity sbihi @ogvmt@ the foot. This
e ul j
1mprog§(§e %@n@tgl & { t Wl l%efd qunf)reog%i gélg %evgﬁlgro?gd n%al 11]? ncea?.he
sensonmbta)apmfmmnee rdiumlmnobﬁallk had preyBad injgey suchtas dibetic foot ulcers.

10089fie; citiisn ) § abifighareofs Saichsy & dshymineyioats g suplagien t
the soﬁzf oﬂtfﬂ@to%@% mbfY é@ﬂgﬁl Elﬁﬁodlfi‘éﬂd & tHi@taFﬂ(fb%f tht BYRES invEiBon is that

bi as si can be of a subthresho
the stiguation eé’@miilcdn bewey ins@that Isplaskd irte a shivd, wang srmcg“mally to

ener e SI naI ener or. and th bi as si gn
activef SRFERHET e S5 T IRRT b RbC R P afioR b Spma@ifor e
soleosﬂ@rf&bt frequency, will be further disclosed in another
ing section relating to the controller in this

[009% pecﬁ I68e 3 nsi2b depig s secpie cpbpdimansabihe pidsent 1ay<mtlon FIG. 2a
111ustr?t'e§ %fmﬁ&g d elFéa: ng&d?rléaas<{11§%%?t§l% Irﬂng(]lleE edaﬁ 2\1|p%c nt %glsl{)gsrable

pouch2®. The dagceazoﬁnﬁrisew adasilopadaicthhinis ebﬁﬁfdlcteﬂfo@ a tﬁlhebﬁformable

. 14 for
ﬂex1blsquyer contalmng tﬁereon several electrode sites 23. A plurality of stimulation

electrodes is incorporated in the electrode sites 23 on the top side of the pad facing the
bottom of the foot. Stimulation electrodes may include, for example, disposable electrodes,
re-useable electrodes to be used with conductive gel, or a new novel electrode design known
as a stick-slip electrode system, which will be described in greater detail below.

[0091] These plurality of stimulation electrodes are coupled to a controller housed in a

housing 22. Housing 22 also includes a power source, a signal generator, and a controller
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[0084] FIG |b depicts the vibrational insole insert
being used in a shoe 14 to provide stimlation to

wo owit/08Bke. Fol | owi ng use, the battery power SPUF/US20041006864
the insole can be recharged using the interface port

xt er char qgi cabl.e 17. showmn.in FIG 1 .
conire}ffng’ *?‘%8 PFY&E% Hag,co rolieh M thiinglids mﬁﬁﬁegg%wmmls This
contrdliR prolacs aﬁibhd@t@ﬁﬂlﬁlhisﬂ@ sign&1 OH dl&HaﬁbelWatrfbné&eﬁﬁQnM waveform,

2004/ 080528 PCT/ US2004/ 006864 external device for

whichyreshis dn éﬁ)@fiemﬁ@nsywhthmhold@tla@h@gn iof thetfoefi ingontact with pad 21 and

s AR TR Afhes 3L R 1o BURELRER k08T b e o ey
of the Ipadi el faoa (ﬁ]ﬁertphﬁs offlib bbdl}ayﬁdn ingisatual. s §hd 20fs ﬂﬂ:@rably thin and
revi ousl %t menti oned, the interface port gﬁ e@%
$

replacgity indismis adde OBl pegperate comtquswion gomifqﬁ
adhesﬂgg ‘%ﬁg? oo bl%‘ﬂbrér r%@y 3y 1E(g{oetﬂe bf)f% %{%r&} tl%e pag-go prevent the

nicationin wred
pad fremm@tingin phtiah weth mmmmdmatgm The cormunl cation

i | RF
100921, o1 HIH S5 s FRsiReole p@asey! FHio s heiak Esechia hae 75 The Bausing
22 is héudtéd SiegeHabesr 2B YS dopedridRs. )ﬂté}ﬁﬁwegp ale ho 1n§ V(gth the

stinmulators. However, the top |ayer can
contr@éamhqr@sm@@lmmqmnmtemyfw mhtesltqmﬂab sitles & topof thla shoe.

d in a _co atl on
he P ML 4 I 05t b nP TR PR Rl et o e
d1sposab1|&&ﬁso&f PEaTeRtheRREsibRY&NSetof, HOBHovO Eucdl t8&tthise %bmponents
timul ati on, one or nore of di sposabl e, reusabl e,

can besIPF%Rd &1qther agptbet loewwss piyr then 08 de shas. f?sm adnaptagk pf havmg a
removgﬁl'gich?@g% OIF 'gﬁ]‘? Rt oHHJ)l‘?ér' 80 glv 'eﬁgr%t Iy él\a é:ﬁu? b%}ery may be reused

eve a sUpra
while ﬂietiasrdh@inisergniayﬂa\a/disnarﬁbtbaﬁd/mp]aea&iﬁt Rsva@hlbavesmhye. t he

088]. Wi | t he
10093} ¥ e el ouale ved 2 i BT oA CEHEOFG by cineiBiescegirial
stimul@tokd) HoRRverS 1RGad LN at §8E a&'o&ﬂm@dyt@\yl?ﬁﬁoh Q?%Qt\ﬂf‘sr@@coh{%mauon

tactile sensitivity at the botto t he
of onej qarrmqrv el¢ciredssiahé oseasioiewibgtiondl hethatad. Fartharpmimiledo the first
enhanced sensori.notor

embo e R T PR TaE Pishens PR  caRBBPeER i pfpegaget and a

poweraaaﬂﬁrgaﬁg goabryiakofteatvattsebesly inlcfR8] FIGS. 1 a-1 c
epict an insole structure for delivering neurol ogical

[0094lst| a0t depisé 2 dlgrderghodimentta dhe presenpingeifime FEE. 3a
t tion |
s SRR e SRR, B SRS YEDL

assembly 33ltaeetniuitiogdayehde, Stamstimpiegdr3il dak bbatfbﬁn feledatryBig
lation to the sides and to surfaces of the foot,

stimul?ta(i)rg%jaqt{qu%aq Or Aty ¢ WipEatignglfactug rs fos peplymesHayasien to the
planta{ Qﬁ)ﬁi@é oFhEF00t48. Rﬂgle%fo@@moﬁges%le%ﬁﬁﬂl'a%oﬁ%ffﬂt%e&gd to the

pr esent i nventi on.
st1mulat10n electrodes and/or active v1brat10na1 actuators providing electrical or mechanical

stimulation, respectively. The ankle cuff is wrapped around the ankle and its position is
maintained by a fastening device 33, such as a hook-and-eye, Velcro strips, or a clasp, for
example, while in use.

[0095] FIG. 3b depicts an expanded view of the ankle cuff of FIG. 3a. The material of the
cuff is preferably soft and conformable and contains pockets 34 for batteries and controlling
electronics circuitry. The ankle cuff 30 may also include stimulation electrodes or vibrational

actuators for applying stimulation to areas around the ankle. Further, similar to the first
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illustrates an insole device including a disposable

flexi ble pad 21 packaged in a disposable pouch 20.
wabh@4agoseee conpri ses of an insole pad 21 thatP@BHUS2004/006864

constructed of a thin conformable flexible Iayer

oo IR ANTIES, B SRS RGP BRo8 P e

invention, hbmhﬁ@aﬂi@ﬂmesfategoﬂan@mpéxh@f réélﬁr%ihg Bof imdyhsaind
faC|ng,the bottom of the foot. Sti ation electrodes
d

advanfggoushydneladed wish thexaalkds caff 39 8 S alpulating devieries,
e-
[0096f ﬁﬁg}% t§ (t)lse!e]i%%{ {.@igs%ﬁoﬁ ngtﬁ)sdil&ﬁgrgiéé\% t@\lg p?eggrgcgﬁ"}%n\ﬁgﬁ gf%* electrical
st1mulet|1<m; bnecemsesifeispoyibie; heusabit, dneucieslcp" ¢le@rbdenn@y datuesd. For
detai| hel ow 0091] These plurality of stinulation
mechaglcaL HiHeiom P’é PonpleaqeiROCyRt Plettramedhariseyeleriropagnetic,
solid- ﬁé’cgsd Ehélgﬁ rn??%ﬁ?ﬁ@ g%%@ gﬂ%% glteF cgqgﬁol?m V%V\%E) §t7]%rrsefoé é(ﬂ types
may b@@ﬂ'ddwsﬁeﬁ)\éb/r @'ﬂﬁ‘&ﬁm Irceititer odsej eigctﬁtaé os ingolzeni gpé trerstitraulation
ace

signal (3 pH R AiG T PGPk ot Be o et AerRRr ol Love,

or alte?ﬂﬁﬁ% betw@en ﬁiett%rlé‘}dléfzﬁas' Moded @9@% &8 dTisEhdutat¥yised. or m
results in random noi sy subthreshold stinulation

[0097bf tHhES4poandidb lﬂuﬁtaé@ta fipiethy elph@dlmntacvfdhe present invention. FIG. 4a

is gen%%fé{? Irﬁgél!eaijglegj be Tl g? ﬁ% éP(% prc%ﬁ@ﬁé ng rgﬁﬁgéﬁ?g%hm%lfatl?rhto the foot

and arjde] TRE har@éssﬁﬂclﬁdd%%r frqradltpdrian whe ohedpovindanfastener means 42 for
i ndividual, The pad 21 is preferably thin and

securipgp e hamgs) 40 AN aaléleaﬁhfémeés ahsresoase platterg for applying

stlmulgﬁ&?{o%ﬁo&ﬁoﬁgﬁ%ﬁhé ot o’lﬁgg %lnfnuﬁﬁﬁg 2l e\éffoclie@y\%gratlonal
or a non-s | 'ayer may be ap to't bottoms

actuatoifs, ¢1‘rascopdnmettmnpln&m@n1“h¢ henegpdl niaydm waviwith standaed ﬁntotmar.

th I 4 d use.. [ 0092 I 2b d c
0098} < SreaBy i B AP RIS S gk e Farmen s Fh e s Marness
40 inclfe$ b BShnediZngd SorllBADS ﬁﬁklﬁg albh&k Rafén 93 weihaBe fr@ﬁtal port1on 41 and

conveni ence. Alternative

t he housing wth
Secunn@ﬁxeﬁ@me@sf firly and h@mf@@bbﬁp itlagt foebmam% §hﬁa§rmmetlng portion 45

t I f . The
may bCHPbEEE o R E T P Sl a0 me il Tl Mopred on
the bamayorabﬁ a3 bﬁd the rfnedd pyrtiaup | aﬁﬂ dpioh Iy mdttfémﬁﬂéaﬂuﬁg portion 45,
I n oIe insert via_an extenS|on connector not. sh own,

are stigyylaiop meens, Kedeaseriiseb igaal stmylaer and sagcbepisal virpiaenal

stlmulﬁfwhﬁ@ﬁsséd)%tvb ﬂpﬁalﬁfgp% tﬂehf?r?tr Q&oﬁ(b %nﬁ Iﬁﬁﬁi %Iﬁﬁocﬁ&\éﬁ‘t@.t e
having a renovable cou ng 1S that the

1ocat1<msruf thel stierulatiolnensing [rwllud@eheeframmjf theaamitlet 4 thxalacky andmaay

. be reused while the insole jnsert may h j scarded
includf i TG deral S, Fa e S AL e TR vement
and stgifosabl e flexible pad 21 in FIG 2a described above

i ncludes electrical stinmulators. However, the pad 21
[0099k an Samgler fadh@m’whmnt\? |s@rfatth @bpvacfom slegiticalottinaulation, one or more

of dlsgclo%nlge r%ttlsagré 1cf{) %fec Cetursggg Tor %{negh%rﬁcgal g{ninggl{ign one

rdt I'ona uato I"ar

or moRyHeadtarest tyhé elEbt@nedaaﬁmall el@ctﬁfmatghen@ 6l Blatd, Ry@BEliQn,

a conmmunj cation interface port and a
pneumatic, ferro-fluid, electroactive polymers, and other actuator types may be used to

deliver vibration. In either case, electrical or mechanical the stimulation signal is a
nondeterministic signal, and may be of a subthreshold level, a suprathreshold level, or

alternating between the two levels as allowed by the types of stimulator used.
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power recharging port may al so be advant ageously
i ncluded. [0094] FIGS. 3a and 3b depict a third
wepdvaasesesit of the present invention. FIG 3a PCT/US2004/006864
illustrates a stimulating device that conprises an
ank f t
[0100]t o gﬁrtgé‘f E‘ﬁ %%yv?}ﬂﬂﬁ@e?tg él?[é ﬁ%ﬁes‘éqg&?:@tﬁlg& ya%?;éﬁ%iyyconnected to

a remopd aldcataad cfoﬁt’roh‘,ﬁ‘[ fn}éhﬂglg séignallgghdératr, Q’l eleroatebomaaly a
active vibrational actuagors for_ applying stimulation

comm%%’f}?@ misriaes we ascabwéeT ¢ detaghaplschamess cnks dseuied ol
replac et a‘?ﬁtté exggn% RIS EleE8ichCarldFectronic

stimu atlone Ctr es and/ or active vibrationa
compoaetts gtwbs rqusal iAdiengptioblyc bl bf thesoconmmkaisintgl be advantageously

. t] ti.on, tlvel The ank] e cuff i

mtegrai?%ﬁ%%%ﬁf&%ﬁﬁ@% %B%ﬁt Piesi 16§m1 stichiRdn esgﬁt%d

conﬁg{u%ﬁbﬁ Nhedaulevs ﬁ?dy% usSd&a ?e?n@va’ﬁfé%bf%r{ﬂe@ Y& pré@]a % the
ips, or a clasp, for exanple, l'e i n dse

Contr01i¢r®r rg¢hagipi dtesbaétnryexpanded Vi ew of t he ankl e cuf f of

01011 IS 3 RIS & g G Sed B ey 415 5o

shows angrraemtiie devi@ S06Viars ESUR-18E 16 htdiber $3 addd @n ikl Llikdbdttom
30 may al so include stinulation el ectrodes or

membez; Jr A0p sale-likchaligromember S hpprisistsf asmprierble intsiface region 52

e 0 B 05 B S S Bl PR s

lmdaﬂﬂﬂ%ﬁsﬂowmmaEKhﬁd the second enbodi nent in FIGS 2a-2b

of t esent ntion, a communication_interface
G805

[0102]po r ?)WVIGW ‘Pfglﬂé"? hcbtt% side ﬁgg}lealpgge fjke bottom member.
Fom W 9t 06| WSS p 2er g b 1.
The coslec@nldpa@iﬁ‘éédtrmmsctocﬂ ta areelpctesbmattﬁnm\ﬁénwmm, orfiosertable into the

oot S T B o 5 SRR o ot e

foot offBE NatidaAl Vﬁéahﬁy kied dedice t0PLoRlle HBEECAGHHAL AR Wher Y PBs
el ectronechani cal, el ectromagnetic, solid-state,

signal FRappbied fathesaeiasiariveds $4rro-f 1 uid, el ectroactive
pol t
[0103] %?é%l.l@gmtﬁ%g Jr?]l%(zv Qﬁﬁ: h%{ 1n%136(11§g§ a g%}g}éf po%t%ci% %gld§ 86 for
recelvm]igalnatwmainnbdftm ﬁddsrﬁéloﬁ"&h@ﬂsolsug@&lottbﬁl rBember 51. An integral part
ondet erJyi itl C &ﬁg} and may be of a_ subthreshold
3 s

of the igg) ayée QUSRS S AT haFE DOV Sowice andh Hie g Bl endts
associdtb@ bfa‘ﬁ’@?n@l‘%‘én@raﬁ)? Bl dseWad hey 15@:% $YRGe8ly &?’Eﬁ%lfﬁ}w httached

used 4a and 4b illustrates’a
to a sheerbBdt thershogs bticﬂreaqdrl@slemta ianvkown onFIGRISG. THen, thesfoot Wearmg

ener.al .y .a ont al a ess. 40 f pr ovi di
the eafiERFARE e SO et 6 et DEES sl RLeRL"
connedt®dhRESedntBE HA®SormettoPPAEI 5408H the MyoWORIR: Bttodn hRefbeABE and
a fastener neans 42 for securing the harness 40

the paig ob gergactipedadik pethetigel ingerhss i madestbpy eemplsting pichedibpilewing
st1mu1£t9{§ 39(%1&11@ aﬁtt %m{) tﬁ E&ré’&% bv%ld'gn g{tg f% i3 olg 1%e fbgﬁgm

oug stim |ng electro rat I Ona

member 51.

[0104] The battery power source in the housing 57 is preferably a rechargeable power
source that can be recharged using a recharger 58 shown in FIG. 5c¢. In addition, the
controller in the housing 57 can be programmed using a cable or a wireless connection to

external computer device, not shown.
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actuators, or a conbination thereof. The harness 40
may be worn with standard footwear. [0098] As shown

WO p0oF0ga5281b, which is a side view of the har neBGI/US2004/006864
FIG. 4a, the harness 40 includes a connecting portion

Ki b 43 th th t I
otosly; T odRefor A eRE kPR sethdhdnheb 4 o 2 Ao Bl poftgm
membérhﬁ dndahe Femal oBBdd Aot pzdbesazanm%tebmgs@@ﬁ 1Rk b ImpPed Bigough
for exanp a stretchable fabric, neshes,

the usa/pfstight ea@@ws oearductire gebl The moge it énithsrmoverbleiaiorface region
52 hav@ gﬁ]fq] Mt éﬁn&@gm tg ecdlg&rosg}n%ltﬁcg%r&en{) Of é%i 9{{\10%1’6 qug}mk e shoe

e con ortion are Ion neans,

witho dBRupmgehe 6drﬁ166t&?dn Fughed, thetdoftibérah tladkkelbeba bedlthe device
vi brational stimul ator di scussed above in relation to

can beged o; adgyst elegtisabistinaratiomieyels éndBuranshtic levehe

| oc
[0106]o ; ?Eéé ﬁgbﬁfﬁ?gy %ﬁ? d?théél{yg 1{3&8&3‘%@@@1& f&gﬁleﬁq{aﬁrégog@ gf{e bottom
membdzramﬂah@hetel fresadon sonvlehi@a’me alf sy aavedrened ¢]hee§am1espbhes dbliee to
csity IRL RS b St 10 200 ot 0P Bh el 01 drmaybe

easily %éﬂgdl\ﬁtﬂdi’lﬂ dalﬁ n Emj{f'?l%gtrorﬁ(f: c&hﬁ&%@ Qﬁﬁ it ﬁ@%ﬁ@@ls@ard@dﬁ and
sti ck- sl |p el ectrodes may be used #Or mechani cal

replacest dsravedriamd: te@m@em Whllqﬂreangmdma‘tdq: heqjﬂnseytpe reused. Moreover, if

l.ect.r chani
the heﬁ 918&65 ﬁ:>l £ rerB%vea ta[tgxcl%dt T: 3fx%ﬁéeé FtéSé:ft ﬁésvxgcreased
portabimir Wﬁﬁﬂﬁallo&a&dt Qiﬂbeporatetdxataqu sHoewhEn\iebigedised to
vibration. In either case, electrical or

[0107]rrec ﬁgﬁ1 Gaepietpa skith gmbadimsat gﬁ tHa presprt igvention. As shown therein, a
sock 6P g€ g? Wb A bR LGt 1%5%8?4 y 11 frube r'@%opl?et {) A ﬁg#?:t]@ 5@0%?1%(%&%

a suprat res ween
stimuléthes. Depeddénvedrs tteneadd aitkel iddyvidingd, dtinpdstiaf dﬁ/ﬁdﬁmﬁbe tocated

on 53 000 080528 PCTLS20041 006808 (GIGOL py.

ankle 61 RGN IAL ke ASKiBENRRAYL, SRMNESHEHS e fodt d3BPLLINE sole of the
| ocated controller, including a signal gener ator, a

foot 643attery and optl onaI 'y a conmunication interface via a
cab The hab har an be, dis ard n
108172 B B RS Aeol P ARy B pRRRHETetlor o
vibratidt#labhe] flcachiioe alecﬁfaﬁiesefofeataétgaalcsunﬁﬂmn B4 SorSfadr mm
reused. Al ter natively, all of these conponents my

wheremRleshi e sbimylajion |1~°nl?1@§’fd§t1 éﬂathn foof anderigakiseths sagk p@Vkans m
electrdie QQJEBG&I, fo ?@%&p %gerlég 118.12(% aﬁﬂ% cfBdd Efél@%@ﬁteéonductw? wires

cont i gur at e Ca e us a renovab
run throaphaet ﬂmmbckmhrmnmtgm@m’btegwirbm Ins.eﬂ:tttg thk feot imio a spec1a11y made

rechar t he batt 0101], FIGS. ba-5d ill e
shoe cgnpecythe SRk AL rya@ﬂgaﬁ?raslg?ﬂtg wgﬁﬁ? 5i9F g Oes e
controﬁﬂgi‘\ﬁu@scﬂ:ﬁ ¢ Jok8d gﬁYﬂeCs@des(Qf bk khoed sock-like top

nber 53 and an insole-like bottom nenmber 51. The

[0109]| ns dineadviaixteg b of the seeledthfor iSthatibaspstrellaf the siamabgdnestor, and

the ba%tgr%/?ﬁtggar%?edr\s% i 8151(2)6 may be reused while the sock may washed and may be

discarded and replaced as it is worn out from use. Similar to the previously discussed
embodiments of the present invention, the shoe may have a battery charging port for
charging the battery and a communication interface port for connecting with a remote
external computer device for purposes such as diagnostics, tuning, and programming,.
[0110]  The stimulators are driven by the signal generation circuitry to produce a

nondeterministic or noisy signal (i.e. bias signal) at the surface of the foot and/or ankle. The
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for noveably and detachably coupling with bias signal
generator of a controller housed in a heel insert 55

W@ bawosises FI G 5¢. [0102] FIG 5b shows a vi ewdT/080041@06864
bottom side of the insole-like bottom nenber. Fr om

s S Sl b RER i lto e Bt BB huion, on
or mopdodiSHdsalBactfdld or ﬁ&k@l%é&@@e%ﬁ% 86 s A‘@%f@ﬁo@sﬂ
insertable into the insole-Iike bottom menb . T%

mentigpesl theo‘@@%%tmmmwwd waesubbmesheld lnielha sumatbkasholdﬂevel or

he f th d|v dual arin vice to
sternf i et Bk P B SR YT B el G o
mmﬂa@lﬁ@tﬁe%feb@ abﬂi‘l@v&pﬁﬂﬁfﬁﬁg)fheM&%nﬁﬂtmr[e@%odFﬁ@ﬁb 8€the present
i.nsert 55 shown in FIG_ 5c includes a pair of contact

invenfiomy byssmudating the otigm gt thedootpnecsn sEpach fo wanTevemctie sensation.
By stlﬁZatL%gﬁé Ignr#ééé ir‘e% @155462&% ucg :;E% ﬁﬁ%@é? Bfo%h%gé;ﬂonp gf Jﬁlnt%ngle

sense Swhich evilhdvd déirecd effect! dneyaland and gait. BB aahEihiag: dmlrrﬁﬂatmn one
[ n use, the heel insert 55

can eip SRy Yo B SR KRS Seos HBHEEEm e an Sivcleotsdn addifp the device
could%@%@e@to%ﬁ%eta{‘ﬁ p@ﬁkesﬂf)ﬁi{’leveﬁsthéﬁzém g ¢ nfhsbd 5815?15 plUles of

e foot wearin the garnent -1 evi c
1mpr0Nn$éﬂo<Bblﬂ®\Mto t he shoe 59. Once inserted, an

o1, "L 53 o EOPRST HER Shu R IPE B

provuﬁflg 6 @ﬁin@ﬁittln@ 366cthfe BN stifelahBe thel BYBHT 0f2PfoloBsdTBAG thidus
npleting a circuit allowing stinulating electrical

embOém@ﬁmasstltr@ﬂqur@vmqie isrredigpaseble strstrodppach i Mebadtisges to the
sulfade%sfglsgcll j7(If erh%%‘b&? ﬂ(ﬁggg le%éy: 9011‘1914lt]101’1 a]b&)tn%e {t¥ and a

Wwer source In IS prere

battery @oiwaf geadd thrqughedndiRevE mtér[h@d I¢ ase, e 1h&ﬁ/|itafag @duldsévegt the
rechar er 58 wn in FIG 5c. In addition, the

sock "t KR4 18 djspo g%?ﬁﬁ%’idﬁ@a%?l@&ﬁl peagkase N dt Usthsguside

t
bottor R B Bt e A o B 0e s IR s AT e 4
Coqurt}lb&&]trumee elbowisgttd the ibstloveehe tded duving di[miwmfhﬁn plactel in a

54 th | e-like botto menber d.the p
shoe ofbfluerge V8 Betes whopheRbas T Roget TesHhy e The
stimulafiRg MEBTE hiyf @é’&’ﬁu e@@%lﬂé@ﬁtaﬁfed%lr Ot bcATRHENS] Rf an exterior

conducti ve pads 54 in thé noveable interface

contrqllegvigrp cabbe fl%ﬁi?éwglufr'ffdl Senshgerfirations Toa lrtsgleaptapcm dispesed of when
the so\g\ﬁpﬁﬁ\g%?te% gf re‘ilgfd fof &%Sﬁé HEHG {e %o\ﬁl JeiifL, the shoe

I'sru econn |on lI]—Illjlrther t he

[0112¢ ontA&ldihdL@h nbﬂs}toh\&l ing8G. 7 sendilab Brefturcheurdesd R figtad Jae
t 0, adj ust el ec tlnulationlevelstoa

|
soliediar PEDLR Tiemylaken to tﬁ%i@{é}m e Swsipeentyhaietdet achabl y
[01138! €GITGSC 84 GepRl Ad¥SH ORI RSB SR Frebddt n AR Bhoe inserts

that apply mechanical neurological stimulation, whether of an insole type as shown in FIG.
8a or of a type that more substantially surrounds the foot, utilize vibrational actuators to
create the bias signal. These actuators can be incorporated into the insert in several ways. ‘
FIG 8a shows one or more individual actuators 81 placed at locations throughout the insert
80. Actuator locations can preferably be based on foot anatomy (considering, for example,
the roles that mechanoreceptors in different locations play in balance and gait), and design

considerations (for example, needing to maintain flexibility in certain places).
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menber and the heel insert is conveniently allow a

wearer of the garnent-like device to easily slipin
wanw4080520f a f oot wear when desired. Further, PEBUS2004/006864

garnent-1ike device may be easily washed without

| ect [ nent and may be
o114fy7 05k BaCha™ e pried tieTRIR B teanis be PR ppover
sourcet Ji}ﬁh %Bﬁcﬁlc%fﬁ 8b! & shegh it PRSIda. Tﬁesre%ﬁ@&icto&/%%%efoméé from

heel insert 57 is renpveably attached to a shoe,
wires Dhmah delpaiterned, tfort ¢xampha oniarftexals ewctmtcaﬁlthatuypmlw asa

al to b orta Ie when desir
layer b Rty B e B L el BB L aropRgor 5 thatis
incorpRkRE@ Mo HHRVEMH. ANmarify SRRt HBELEIHOIm the SREKIEQvdd B used to
worn on the foot includes a nunber of pockets or
eﬁdﬂﬁb@k@ﬁgﬂi@ﬂﬁ@@mﬁwﬁdbfﬁwe%t|nulators Dependi ng on the
15 e o IR S Rl B STHR DR S ERGEPRG e

materiahef ilhle Bh@d inSera M ot typ&sfartuatis bfeaididGkmal beheeferable to
ankle 62 to stinmulate the Achilles tendon, on the side
removgstherp dromy the skm-coptach gide pé thegpeerb the foot 64. [0108]

[0116]The 'ﬁfe’ a@H.iaﬁﬁé 90 14 Go@ c'%)ﬁﬁﬁlcﬁ{ sqﬁééggﬂﬁ&ﬂ?f%&{yﬁlngc&%ﬂ? ﬁ{a@ are

mechani cal act uat rati
embediied/ino mdtemzﬂruﬁd:l&sné@t 3@ Ilemby be @tefsﬂabmib a@tobed cothpoments of the

configur.ati wherei n. el ectrical. nul ation j
sctuate gt nie g HSeF GUter i OB B PSR B P housing
of the@b®Gior ORe1GO8athRAM! EQhpHARIT dUSRAr &@%m@%ﬂéﬁc aator are

el ectrode placenent Conductive wires run throughout

depictefheA soid lof watei &4 andtai pegmenesit biagneii §5eaze emheddedidmgctinénto the

Nt 0 aqs hoe conne
matersP B o DA S RRREL Db Y i PR PR kLRl
embe(ﬁh@theilfhﬁnstﬁﬁéﬁt lcomoh@its dibdcslySe e iBert Ratekiacat ed on
e side of the shoe. [0109 An advant age of the sock
[0117150 " tigpothas Drpitred HEbedmMeRbYY B prespi I8ygiian igeresate e actuators

81 on Wsur%ggﬂpﬁl%tsﬁg em'séﬁ: Eﬁ[eﬁa? qals ‘Qfﬁ&pn EIDFI@ %GYQP%& Ter r é)rrecfelaed

reuse sock may ‘washed and may be
embodinent b hordlthasnsett matenard?d towtthin; pmnaussz)hdatm hetnatoe 86 (for
di_.scussed odi nment t he present

I
examﬁlﬁ«;éﬁ%qe%'ﬁgt%? ﬁimsﬂs@%‘gﬁ‘mwgvb%erbsfﬂ) \Sfyce W IgstARCs gRqtably

electrd-QEtiveCRAT@ERLE RELBRE hRk YoRh gul%tdh@iﬁﬁ}i' MLk Othsert.
i nterface port for connécting with renote externa

[0118E ondUlE8r Oeteviepist ddshitiqnat pmbe@nm@mfabe phicagg drstentien. Shoe inserts
nin ators are .
that a0 o Rng S0 cBLORATT A masbd g M oR it Bb2hS vt in Frc.
9a or m%& € inivrs Emhstaihﬁaﬁhp bwyoumidg et fobt, uﬁhz@h@ﬁatﬁ)h@lrtﬁlﬂtﬁat@ts to
e surface of the foot and/ or ankl'e. The 15 WD

Createzb%)hl/a@ 86898 Ve s xmetng §em the gigatoryhlawhetier hrcaisd within
o PSRNty 90819 ePhdekiohs £l iy
maters (FIGSs De pnéDec treankest tmrop@atfsmtbughsutpilemawmﬂ ysfthe insert 90
to provide neurological stimulation over the largest possible skin area. Yet, in order to be
comfortable, the material of the insert should preferably be flexible and compressible,
material characteristics that are often not well suited to vibration propagation. It is possible
to improve vibration propagation throughout the insert by embedding structures of
materials with mechanical properties (e.g. stiffness and damping ratio) selected such that

they can serve as pathways for vibration to travel away from the actuators with less

attenuation.
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menti oned, the stinulation provided is of a
subt hreshol d I evel, a suprathreshold |evel, or
w@bdoe0sE2s Nng between the two | evel s as al | owedP@l/US1964/006864
types of stimulator used. Further, simlar to t he
ffects achieved by usi ng the aforenentlo

[0119§moo il snpyeddebstpichue it 2 muHipkistty @4 smpl), lggld maadst92ng
d1str1151ﬁ§d @1? J gh%etsﬂﬁoﬁrﬁigﬁ Hﬁ{% Qteﬁélpcﬁcth &n%e r(rpfég/ 99b aHd 9c). The
tacti| e sSensation e ankl'e T€g
beadsaeeveda ransmit ¢fbratdon Whﬂmiléovmmg et meﬁptd &ﬂ}afuoguus@hﬂélly flexible
ense ich w ave a direct effect on
and 08%8%%@5 ﬁﬁe B%ﬁ“g ma ecf!&ﬁﬁ?q}ﬁ Pagreds indpyeas phiroygheut the matrix
d |
e AR der 0 e The G n A b ML AL, Drhetess
with Iafep¢1vefr mareseopdacivh t@sﬂomtmmpemgameﬂmpem surrovadmggeatrix
r the purposes of inproving blood flow [01111 FIG
is an illustration of a seventh enbodi ment of the

[0120p" €SEMSthérbi@BtIr® (FIGY. OF laflil D) tﬁat%rbﬂ%{e@tvhmgu&{ ﬁI‘(‘)ﬁEﬁH‘zﬁm
for stinmulating the bottom of a foot sole.

emplostyprdianenpon-plaser qpmpenerig of metsirial P3 theat dilipiv §a\tﬂrdole mechanical
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materwl C’H’(ﬁ%é obrhpdnen f(ﬁ“meﬂc’:lbi SfayhpRORBm rBewl, (h@gH (hfr@ﬁlgﬁr polymer or
conductlve materials. In use, the i ndi'vi dual woul

certaig yiscpelpsiis foagsrmannbe pidirsd o emieddird peisalore(féad) po a@ated in

lg.h t
proxn‘ﬁﬁ? td élrgag:g k%@m?&g ffors ggfe@p t9(3 f;fe h%g% @@?ati]oﬁzi Igyga gﬁgﬁ §20%ures
may bmmed'up@daaswépwnflh EXGB] & ard 9eg onfnay tfadnh @ cetitimous tayer

|lowing to the insole to be used during the day when
ﬂHOHQFﬁﬁﬁ% gﬂeﬁl ®hoe or will also provide benefit w thout

[0121] he GhRRoASo hPAE @8bddBeS? thHespr%ﬁf‘mvgl&?on ﬁ&ﬂu@ﬂaﬁgf tHhe

I nsole may be entirely self contained
embodigtsctitagteddo s kirs sighdrinpusiong mopiseio a@pbf zastnmhihfeorf orthe
e BPEE R0 SRR, SFTEHAHA sl 3R o RSy by e

ngldlsmfehdbhhi; Elghﬁ 1ﬁplltt1ﬁg| nehnd. ATBoughba} eRCirb@tGRd Retuators are
shown 1 , a simlar structure could be

small ERohdar i malp%lpif Basedatiprdiongleyicente aressnce o rigid or
semi- ﬁgﬁ% ?ﬁf&% H AP S %%%ergfs tb Ial%a{eo@gt %1{)813@ Sséd; %&%@ sor%g Heers,

depi ct additional enbodi nents o
wounflgyetentin mny $hrhe1d|ual$ew$sc1a]ﬂ§hémbamsl 'j?herefdna nheplacement of objects

I I le t as
in o sfeaed Hiskasiot g bisfRipty Graids hesling Plancs Arcimsaepr Hogots.

[0122$ur rEOEGN qi@ depietsfa0Riy oflifnbd)t?éﬁtlﬁg biodd AQRRbrsak taléﬁ&@fréerrt Qithout
create the bias si hese actuators can

creatipg e@wﬁ@ﬁbwré%ﬁurwwnts rwring skoe ﬂ¢m018‘§lﬁén‘a1rna]s]a{yszcurs FAu@ngavalking.

A corid Y sl heclD R foF o R suPte G0 TodlhaR ufRES S flgh pressuce
101 of ooBbi plaﬁes:@ﬁbenﬂmfgeﬂoabhya bR chaeedingst,ffoptxaRat, af¥e are

ering, for exanple, the rales that
tYPlcaﬁldéﬂf&ﬁ grgéldgs%szs}?%regwna 7Rd Breplengseidendwg. it effer ateas, the pressure
is genBAlI3 rﬁ]ﬁfc’hqn S eglaécfdltlorfa k1A o9 flﬁl%ré%ll‘qg? %tcblﬂg % (gt{hgllr regions

exanpl e ng to maintain In-cer
during)umsl}e insole insert in common activities. By choosmg a material, or combination

maten?a(f

of materials, for the insert body 100 that propagates vibration well, and by placing
electrodes or actuators, such as motors, in selected regions 103 outside of the critical areas
and away from the insert edge, it is possible to achieve the desired application of

stimulation without causing discomfort or adding undue mechanical stress to the electrodes
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16 WO 2004/ 080528 PCT/ US2004/ 006864 [0114] As the

actuators are powered by electricity, they nust be
w@orvaestsesl to a power source with conductors BRT/USE04/006864

shown in FIG 8a. These conductors may be formed from

res. or may be patterned, for exanple, on _a flexible
or act%ﬁl‘f%tth?reseé\rqscm qasg ﬂémor%s . PRIgUNIEEE nisssyre loadiag theseqmlgssens the

chanck %? @5&uoptimeofqpé‘&jéé%ﬁ Eﬁmyﬂaltlbn Q Eﬂsqpélyﬁ%dﬁ&foﬁq%ﬂ M&G: 1ife

at a connector 83 t r orate
[0123] ns€EFte. abAchmelnngn@bwumemmts phdeddmfstmmlettim etenmiodes hrel actuators
connection ta

ed | |
with g Sﬁ%@%ﬁﬁtd%ef B‘tit(l)@}’ Ao emles ?P%%cgagfgs that ge, By gl tlexible
and c&ﬂfoﬁﬁ%lep rekes @bluve apRgdest ﬂ% ERbRodchi6e pHBLRE: tile eglfd difi&s, and

shoe insert. As some types of actuatorsS are rigi
electrﬁdfi;@@t}pn ehéflgbbte ¢comdueterniiexiblhennforoable Iaetusk)lrmambe;ibcamdes

Insert 6], The tuators 81 .nay be
may tEgfieflin b hESF TR aRl r GRS FROP e har ar o
[0124§3ﬂbﬁﬂdﬁe€ii3ﬂe§3n@ inRhE861h, 3vhedé elebichNE &Y digfls arktusB®i6 fMBnulate
referable to enbed conponents of the actuator

mec mor@@moys, Rryegetyed clastedes max be peed, sushfag atstigleislip glsctigde, a
dlspo%alﬂf‘e':clll%ﬁ%éﬂé AL, eaaeét%%eh%%iypggeleaflcélr}gﬁn%f“s 3 R4 surface.

nterna onent
Self-adhesiter e:lemgmlens @ acetm;;ﬁﬁ@rtypar & disiepilslt eltctréd<ibiat is@Romithdrty

.. 84 d t t 85 nbedded directly
availapfy, & Gopgn ”SF%21pssg‘éla&%ﬁémrmg%‘cllﬁor‘?%.s%agwe Jeqimiles,

howeRg! @Ql‘ié% &héyyd&ﬁﬁot'mycoﬁgerﬁéﬂtﬁﬁhbé( bhtddStd ¥ In $err]1e1tral}f eit

enbed ding their constituert co onents Irectly
would mmnmem ifer the gariiezit toxbottleto gidefrelative teetilo sRinyemiotion that

T N -
this dBhOWAta) 58 dhdvel 8detro®tstAORLOSF alpérﬁlf)&fiﬁlﬁﬁjt onH@ﬁfé’s&ﬁi@ﬁvénﬁon as

to bond the insert material 80 to a thin, planar
show BIG.d ls isglescrieluat or 86 (for exanple, piezo-electric

[0 125j | rﬁs ﬁio%tlﬁ%écﬁi Ve ggh Y%lce lﬁbqs %feg%lr%d%gfntg%i{%itional methods

nstances, notab ctro-ac

(e.g. abeddimg, oubbimy, of ao msrespakmioamt glglj |A)ttab]ik|&1 t@g%d: :éjlﬁnllmsesr & ?ond#ctmg
Fl 9a- e deplct addi ti onal _enbodi ments of the
electf%(?f‘eéén‘t“ﬂ? Ay adhesi backpE A FARPES Ja5eR AL, ABeh 95 weakamedapsly

mentiDEMi8lQ0| '0? ﬁle e?ﬁﬂomﬂlé{té ?Fthe%ﬁgﬁ 19ff“akﬁlﬁafea%g&t§thta¥fa%f)ﬁﬁms an

shown in 9a or o a type at nore supstanti a
electredgr stoghds 1 t Eh avdveotinto W phitzegarinentbn dieadkimsitle af ti’resgahment This

te the bias signal. Vibrations emanati fromthe
cleotr 8 BBt Ty v THRRAED R foe Gop Rt Pefuispe e tho
electr6®ds 8¢ plated AHiSROWOiouE afid ﬁﬁiro@l‘ﬂh@ Bgat% 1101 Tﬁfsfdo)ciﬁﬁjg L& to
surface of the insert nmateri al 9c and are

condugpelaetricity py wphgneltow Rre elgh@me tpI5ED passeaniogier iwflthphéfugglng or
pulhn? %giec‘i% Srlgl(l) ’l{ﬂe F%grég%tl 1q9f lg%e(ﬁ&ntug% H% at I 28 tl(l)atgfée electrode

I n Or r to
compaomemtsore Tabd:cmtadt hethraatie t‘)thai" "Rh‘e lﬁhﬁzlbﬁlﬁcﬁﬁhng hayltd provided as a

separeﬁ:é ggr%{)(?n%ﬁ/thgte cefnl beexéaglll}? re%?eijceg oﬂn'%re?gcstrlode %n the garment 114 is
typically greater in size than its skin counterpart to allow for relative motion between the
components without losing electrical contact. Alternatively, the skin electrode could be the
larger of the two.

[0126] In the present invention, a controller is responsible for, among other functions,

the control of stimulation parameters used to drive the stimulating structures, e.g.

electrodes, vibrational actuators, and combinations thereof. A high level diagram of a

19



mat eri al characteristics that are often not well
suited to vibration propagation. It is possible to
WO pro80828/i br ati on propagati on t hroughout the PCEHES10045§06864
enbeddi ng structures of materials with nechanica
roperties stiffness and danpi ng ratio) selected

controdler i shayp in %ﬁ%ﬁi%g}@ug@m thecoptipHotal X are prg piomarg Bimulating

5912 SR RSB AEAMAARS Se ) eosTPheEbue 12

can beewded dgtebe sdntrotletitoemodulatethd pérfilrinahteyoftthe stimblaing sguctures

beads 92 i stributed throughout the surrounding
basedﬁﬁt?ﬁ?&serfgttg‘?aﬁm%f the insert (FIGS. 9b and 9c). The

[0127PeadnSE&auRId 8F 4 §a5RPlelentdnP Fsaé ﬁ@&u%%%ngoﬂgfﬁigﬂ’i@&eﬁ RS the

Insert to remain subStantially flexi
contratlentsr wesofiltes defhee, epldee thrayletiee deloser poweacikeds when not in use,

rs._or throughpu e _matri.x terial, or may be
or to FER S S aPRBD- Gl ERi s el bl st gra,
accelebdthete@nN@iti i@ $@nsdMcbR. Rh ‘éﬁ@fh%l'a%suiéflﬁ“% eAAAs eleHRnt R to detect if
vi bration propagation than the surroundi ng matrix

an indigided! finsittingolomes wheesbbidhe prepues o @ siiee dsSiceguiilldredegethan when
Y . i brat i ion ..ennl |
e nfha LRGSO A UL AFRARL L0 RN U PRI . .

place fi@\sanaidtihgratahans teloweppopaithodsto @nervébgteey life. Examples of
stiffness_or |lower danping ratiorelative to the
sensorg fpr GiiraRpHGatiAR priRde FRstsE - grPacithes BdusH® mésroslecrisy med

electrdRlivE TR, anﬁ(i%gg{&?% echinfd] Qéﬁ%@g?%t?; i pol yner, or

certalin viscoe oans, may xed to enbedded
[0128hct Untaddisiof b o @d)jngpdovwnthatdedicesengrroxoutil tagjusothe mode of the

. surface-nmoupted actuators. (FIG 9e). These vj.bration
devied P B R PR G B4 e iy BE0E ROk Ui ane LS ahBpin contact
with thégfole. Weh a6dn 96s swihg FRYsel PTiMAKASs %Eﬁﬂaﬁ&@%iﬁsé @efe the limb is
. throughout the shoe insert. [0121] Common to all the
1n conggeh Wdﬁ%r?bﬁ geoupd. Puengthe seine phaverihe emtroblar miag givich fropmo

. 1. ' . j rec o 1 he bias signal,. tin
provid i o ARRCh IR B R Rk Rl e 3 AR BEH) bl o
momentary hasfagetactiod. Ii ig agiﬁﬁeﬁ'é@ahbb@igm'lﬂihﬁ% Wﬁ%ﬁ ﬂﬁ_device is prolviding

dj sconfort create the rigidity of the bias sjgna
both Silh%{ﬂsg{)wdeﬁﬁééh@}ﬂ%ap stigAthreehglddped sHeubs, thsgontroller
altern@EhURLRNSs Bh&ees iR ltvo é\%ﬁ%ﬁsé@{m Bf&%ﬂéﬁh&%d el (r)f[ sgslfigg phase

shoe-based stirmulation evice, the presence o
and starce pdesd, or bgied onhjrettaminedaind exdlery Asldomnaindbe taration and

eat e f oot .probl ens, ,.such as re | cers, ..wounds,
eyele §f &btathieSita BObaiaich S B2 pBRrET by Y Bidiarodien Power
sourcel M@kEk Oliler bbReiafGRTBMe, He @RIBRESmay R BEOGARERHo01d level
stinmul ati on device preferably avoi ds bendi ng pl anes

stimulghien, syligls inherepdly meagires PRI RYWE tG.0peRitalbph sulshiesheld lefel

LASQT porating rigid actuators in a shoe insert wthout

stimuli
[0129] In the same manner, the controller may control the activation of electrical
stimulation and vibrational stimulation by controlling their active cycles. In a wearable
system of the present invention where a combination of electrical stimulation and
vibrational stimulation may be provided, the controller is capable of activating only
selected electrodes or vibrational actuators in the manners set forth above so as to conserve
energy or to tailor the wearable device for each individual’s therapeutic need.

[0130]  Also, the sensors 122 in FIG. 12 may be used to monitor device performance

and to provide a warning signal if actuator elements are not functioning propetly, or to
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creating abnormal pressure points during shoe flexion
that normally occurs during wal king. A commonly
wa bapeshsehsert 100 for the plantar surface of PECEUSIHOL/006864
has areas of high pressure 101 as well as planes of
102. In a shoe insole insert, for exanple

make @%@?@%FS@H the dt ving Fignalip @scqung For shangss ik stiaylagag element
pmﬁnhﬁgcpb@gqﬁ?@f bending. In other areas, the pressure

I's generally nmuch less. In addition, little or no
[0131ben d‘hsn@t dwthuatiovy, *abralnipsali aamatdnenti]ﬂ:&g! inttise welarablleg;ystsm for

sol e |n in activities 00Si n
neurofpsigal S IRRODMAL SR AT SP o RAg A BEY M. R4y motors are
comnioﬁ@eﬁs‘éd Wﬁﬁbdﬁt@@vﬂafh@f‘on@h@ RAOREE $n Micﬁrcﬁkfic‘ég‘ a¥‘&dil $hd'?‘1@§j ﬁﬁgers

p aCIng el ectrodes or actuat or s, such as not
and tOS@J Wéhﬁureaﬁnaibgzmm@kmhemmd@e & inchrpogationiiotl seasa@msnhancement

AT YIS RN T —

it is pMiférbthatahe ﬁfe@@ndhﬁ&l@iﬁﬁ Ptddues a dHEk PehdwAEMe RGN &2 Rotary
stress to the el ectrodes 18 WD 2004/ 080528

motorpdyesHigimebegedty, 6rd Hues diganensyt hetisalingedy linked-taghe BIC
vt RISy 0L HEAP B ESSHIG) PAD DB OSHIRMSIAT0S by v

a novdimethdd aBthW@tdseLaSnmmﬂMﬁttd) provide awidef rdrgk@f V[‘tﬁﬂii’(ﬁ"]al TBguencies.
nti oned constraints placed.on stinulatiagn

One t%ﬁ@t%‘ eFesengialing aribie B SiglaoR hyjiiee 8 prideranes ofi eguencies,
ie. hﬁ‘\ghg ﬁfb'ahyantd%o%e%ﬁfa‘a%?ﬁtl@qgt@(ﬁ’%\"ﬁh@ b 14 %&1’(1‘?‘{ ﬁr dB¥%rmined

nature, flexib conf or ese I'nc
mgndampma$dnmwnmlﬂﬁblélectroactlve pol ymer type and

S A S S A —
This vRAvRESHODESIs shRyn B amoﬁﬁgéjvéréhsmrﬁ@]il@ éﬁaﬁﬁfr@}hQ RsltaRdn a
bendi ng pl anes as appropriate e present
stepwisgesique for sxpaple Bpmddi ite 482, bh%n@lomrgﬁ émser@p@el@m@oprtd@celerate
toa dﬁ%elréfg r@ttatﬁ‘o Cfﬁrg}g c 2”?15@ %EQI{S%%E ﬁ}( 1??(%\(1%1[1%}%%%18 ag)lu?xcflrb eﬁlo%sfor a

e use as a

smglednsipﬁgﬂhlrﬁotef Baypioaley slawdo espeits ﬁbit ealot ttﬁabl@ deapillly varying
signal s tQ a skin surfa

signalS et Sy VeGSR e depng giemal Wi etisbpl@véf like 131 or 132,
lastingsSRAI QIR GRS bf R4 it E\ﬁ%ablesfoﬁ %}?%gh%/ the%?iré@@b?atwﬁ‘al output

comon probl em associ at e I ona
from thenfioter ths Muétheif @@@hr geesf the lstpppadksigndlgs adjastabloepd
ann |ncor rated int ar ts. . X
progrARER oY o N E e s SRR S 8 sty 0 ST s et fcation
of eadd@ofab} ot uSéd @lsealf Rdnadtdry Thé Quilal6n SKbdbh Bep @ th® BriviAdtsignals is
is not possible with sinple adhesive el ectrodes

of a timechrgivnauéliciembolonaéo Yrmerrh acstajerespaed ta hilgving signal as
well ag ngﬁgﬁ/e%ﬂk%g&?t tf%&b‘?é{ %e a%ntfa%rr ﬁﬁil a%hfevﬁlt Lﬂ:lg r(}]qgtlc%ﬁ]l_f@ed

ese I nve

correshbnding t(d&l&&bitb@ﬂevélmﬁdt sRP. Edmh/a éyp’é oq‘lnﬁlvtoﬁhslid gﬁlsﬁ@tdhly
surface 110 . s ared u3|n tradi tjional nethods
thus fprg the timg, %ngop ?%Bﬁre@gb thy d%ngﬂéag}rla@b@ﬁ &€ almyto 8 ms.

[0133f\ t A6RAGiHLA, fbErsig Re dtltiod B nFRAAYH, iR %hotor linear movement in
the case of a linear motor is used, by changing the polarity of the driving voltage, typically
results in a poor response time. To get adequate response out of such a motor, a voltage
offset 133 is added to the driving signal. This offset overcomes the inertia of the motor and

puts it in a state of readiness. This offset voltage is dependent on the specifications of the
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el ectrode 111 with an adhesive backing. A garment

| ayer 114, such as a sock previously nentioned in one
wo@Roothgosesrbodi nents of the invention, is fabriPar/Es2004/006864

such that it contains an electrode structure 113,

' d f
O N M TN O TR

gener@lﬁf tﬂimeéttdﬁf@fehhﬂlaﬁa%fdmﬁ&s ofBabieeen the two el ectrodes
pl aced a thin | ubricious and hydroghlllc coati ng

l01341 12. Inﬂ@ﬂ%l%appmfgolh% pach achrataran this fasbloactheiccire pewsal other
techn%le%th%?a@lulsgd/‘fo 2?1% e%?{l@o%ﬁd n813{sj :%)Igp %%a B not Egc{t%ms in the

out tu

wearabledsyisgnt grfﬁ]lhe ptdsgnt Kﬁ‘]iﬁntlel] URirst.athé Beviboehh éiféaée'lﬁﬁltﬁ)ﬁevlbratmg
el ectrod nents are in contact with each ot her.

elemeﬂ?én@l}ﬁ?cf ia K%Sgegdmtl qqad%@,v@@tmndmlh ddre spatipl sepapationtetween
motor8 %HB\%‘ etvibabn gﬁ&rﬁ’sefr&‘ﬁ%a!cﬂ rr{o‘tecﬁl t8 %&gﬁtmﬂ'f‘%l? L&§ tde%%ﬁlgﬁvely

on the garnent 114 1s er rn’srze
1nterfq>rpg;v igkone another prqdacmgtaddlabhaiWaﬁaﬁor[ eddthusensied. TR time it takes

e BRREED 5o RSO Sl UGS o
motork Ay BeAh 8RS toRbtated 8 diGent dielBbnd & atshﬁ uﬂgdglr%gg deltlanal

invention, a controller is responsib
randogngssrinfthmeignal msoducedby Bemtlumalityodf astuiatrk at thempresent invention.

01352 EKC18, 588! AP AL TR, B0 G RO o chicne
the hlgh:ambd@ee pxrsslblmfrtﬁaﬁ evbiclheabfif Rve thethRgs18 5ol stAndi i N0
4/080528 PCT/USZOO4/006864 controller is shown iIn

descméf’ erey, itappydrepneticiphie siome preytharpisednae giruletionor e
pmanékkyyhﬁgbQ@wuﬁgﬁ&gggig%1&%%Kﬁgpm%pe or nore sensing

el enents or sensors e Sensing el enents 122 can
[0136)be LQIijUbkl sydtengliiGt. ah, lievolves thodudividaalting spees oF siéﬁéf lﬁrﬁ
(0] t he

perforfiappe sy A naliion, et oo i g ﬁ@h%sees. n gyea to be
tested Pfo@ SR Fle IRNSIORtaMirflde b8 HESBE:, GM als g@% Iqﬂll h&s th?ch has a

turn off the device, to place’the
neurolegigel stirpelatioheglivent dqvmceulsk? attaolnedtto idet main c&nﬁrwl crgnputer 140,

her 0 ensin enment s
Wﬂhceg%ﬁlacce eﬂgg@ ersr%HHmﬁ%F F8%§§J@B?§g°§%6t““and
subsequeatalysys. UsenekaapkeTond gue @R MHe dofipuftrdab 86k phiticudh
individual is sitting down, mhereby the pressure on a

stimulgi{g DRaRRiSe 1A Pogemiedle tiamaupiorntTc: M}drrmewmpum 140
also se%c%‘ disBes o@fes? SRS ﬁ@ﬁre@&tt%&/ Y% H%égr%]in%lnhp g‘{e\?” W8lias control

the controller can,
142. Takestiewius dontrblbardF2 o wen cmmée atsﬁmtuhm&eﬁm&)rbaﬂ 84 Ytilufig.
sensors, for t application include

Pfese“m ns‘iev%f*éq“éé Brep et e te?%&lﬁ&ﬁ%@ th%}r@z*eéwécmwrelogwal
stimuleli@CIsR@GHEVR tROININRAual $h tHCRBRRES B TES Gﬁﬁlﬁlﬁ% viat %

sensors, etc. [0128] In addition to powering
stimulgiiqn devices ks She indouitlenl sdpsmmnseste et stifmtline for example

whether it was sensed or not, are recorded by appropriate instrumentation 143 and made
available to the main control computer 140, and perhaps also directly to the test stimulus
control 142.

[0137] A process of adjusting neurological stimulation parameters while monitoring

changes in sensory function will allow optimal stimulation parameters to be selected for

this individual. These parameters will preferably be downloaded or otherwise

communicated to the control means of the wearable stimulation system 148.
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devi ce. For exanple, during wal king there is a sw ng

phase where one linb is not in contact wth the
w@e@anghs28\hen not in the swing phase, a |inb i BCT/HSH04/006864

stance phase where the linb is in contact with the

d. Duri t.h hase, the controller may
(01388 i (hg g P eved lﬁéﬁégé‘g’bﬁaﬂ FLSOR5 455949 g pmang o sensory
thresh® BN SOMYinGANRALAIRE indtOmfaBMeS BF igshiof AN L%Q aﬂlr%gfngﬁrolo Iffrtmal

nmonentary massage action. It I's a preferre
stimulahion dehemistthmed effi Aeseriss pff tostistimdji at bidfféresiibtéls e&rpmés@bnted by

| | sti I d supr.at hresh stimyl us,
the sl asFi L oo s B A o & DAt RS e S e e e
indiviB@s e8bn@if e@ k eGRLRS 'Ié\)%? gs FYCHLSy AbnSW Rﬁeﬁgﬁ%y, 88 gtlmul ation
st ance g ﬁ%;usor based on prEdetern]ne trme CyC es.

devicent itg ehio dplivern tesirstiomdi rathee tl'em(n‘eurolo gical stimulation.

[0 139f Egr@ % hlfcl)(lzlgsglts ?I% ow a stg g%ﬁscegqg s%{ngﬁa&t ed be}ineters to

the nep@\&ffths ﬁidh\l‘igueﬂDHﬁmstslS}@teﬁlQ Bida@d b&tror@¥mbpitsh 140 B&ain controls the
suprathreshold | evel stinmulation, which inherently

test, Upigg@inrezrampablodirration epirleel 42 iinthiv sk diesieser, gieel
1nd1v1§15d1 Hu n@ltrﬁcq{h toh%l’ig)g%qi {/tg 1% \%ﬁﬂ% ?ﬁp%@%&%ﬁdya Ya&ﬁﬁ Bfét r&llation

contro
patteram d“ he nfﬁhaﬂudmperﬁhinland:eﬂhl thig tdxk ic mbfdeﬂlblyr@ptdWafe

active a wearable syste pr esent
instrufEalion S48 TP BB RCH-OTF e BT ar3ilshle o the control
comptbs 194, @Ehﬁl'[btﬁ‘)ﬂq)ara\fﬁé%ﬁtak@mstéf forﬂéh%tvb P BEY ta@lgﬁerfomfance by

provi ded, the controller 1S capable of activati
the indigriduel ég b@lf(ufc,t the dpigmal stiniatain parahetacst ﬁgat}@rlsduvtdutahmll

rth abave so as. to serve . ener
preferi ) B Bp b G AR Omiact & CCRRoN ok SRGGAFE wearable
snnmkﬂemgﬁ@gﬁh¢gneed [0130] Also, the sensors 122 in FIG
be used to nonitor device performance and to

[0140b r oxA H’éef%ff‘?ﬂdflﬂ‘ihﬁ@ fag egrdpying thecanpatadises laveninst 16T 44 dott

L e A

a stepdi6g wéketting ap equiptmehi insahneingethe Inlith&ﬁhﬁlll,l had "i;]elll@:émg efemtial level
rformance over ting 0131] As set forth above,
for the)fégh Bengiia f%??ﬁ%f&fﬂ&%iéé ohths b e pense dhsttionylus is
made.f QUeteARMAGS L WL RIm el AW Fhb@Br MY stREu1Ak 14RMY thy %§or|y
including a rotary notor. Rotary notors are comonly
threshglie 8f Etddltmn@bt@etwgms equitednthanet atimulys éeivel s sijresheddddi apgghe test

s rep a0 BN IE B B 10 Pt e o 5 SBsgy i eppropriate

stimulRtib@paan®itis ard Q¥lie6es rel W &R thedthblde] 4N Q’ﬁ@se%l’érﬁ&éns are then
where a single frequency of vibration is acceptable

commppicpied o Hreayaseble pamuiatian devieeh6.i nventi on produce a

o 55 BRACHIhaBE o AN B8 PRI BN
optimtﬂirrgasﬁrﬂn;latﬁdn%daeth@ttbﬂmdaﬁtood by referring to the method of FIG. 16b.
Following a step 161 of setting up equipment, instructing the individual, and selecting an
initial trial level of stimulation, a measurement 167 of the individual’s performance in a
specified sensorimotor task is made. A determination 168 of whether that performance is
the best possible is made. If it is determined that the performance is not yet optimal, the
stimulation parameters are adjusted 169 based on results from trials already completed.

Additional performance measurements 167 are then made. This process is repeated until a
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vol tage applied to them Hence, it is essential to

adapt off-the-shelf rotary notors by using a novel
woredohoghsed t he present invention to provi de a BETES2004/006864

range of vibrational frequencies. One technique for

condiagr{] f-% %&{Pgaﬂg? ggcg{q%giggt tﬁ%tl,tﬂﬁ%,a’}%% %g%\a/}égr% @fasge\glq gv?ll E)g réggsed to
Chotie i . . ‘

b RSOLEI Syt S PO S B0 e,

[0142F| G In1Be uhefhiod tof FEGWEGbe tor typésoot ssnsuginevtoohsicsyusad taoptimize the

acf.uat or, wit hi structure. . This waveform 130 is
therar@ g sty Biefufiyls Serstannaostr deitt wiE Chetigitiog torie balance
tests, WalliRdghd sth@ gaflt8ANMaRE ohiRs Rtk skiipy, exanple from 131

to 132, the nbtor i's drivenaccel erate or decel erate

[0143] o dndhe methed ! FHE atGbe Hiel typgseafdnedbhiies nuidandéls théreensorimotor

s SOSN8 e S R PG o

made fifoaCKometkaicl jhsiamghation Shdnal forcEhpgdted, ‘ﬁ{cﬂionﬂfa‘ékin%! sgg:ems,
a staircase-1jke driving signal with each level, [ike
and gqnjemgters aourophysiqlpgymeaspserasntaiale g avmiteriag elestival aativity on

7 e ' ed i : t Ut
B 0153 A0 B ORRorcns
made by gualitoriag dehin sttaktyewishn thstrpmeqgis aucindy EEQYINMRE etc.

ontroller and jts. associ ated signal generator to_suit

10144f o Wigeopimpleiratibiesd iy hERER RGP AFoRACTFTallE Atphideselir example, a
CPU, M}/,%l_ch 1hgagunhahbR) RAIMERPROM &R @1, B, HP. YisBGal or parallel
sig l'y Iong to

nals is of a time duration sufficiéntly Idn
commpincetiore pertt, REa canverter, e Bpewnaeter (ADME), W AgosvgtealDAL),

wel |..as suf.fi.ci entl ort .to_avojd e actuator. fully .
poarifb BTGB SPAERaREE-L sl MBS RGIE: B it
compd@intsa@@ ble¥@l indfIG, N&t whicR Paclick atrhRrdsR8ol®r 130! #bfgramming

used satjsfactorily thus far, the tinme duration o

interfaegdR2susp ap periah et prpllelrgmyneieationgnigifecs, 2 dégitpl wayefpsm storage
) O on, : o '

5 oy, AT Lo PO B0 RIS LRI 8o 550

conveatingadipitalddas sigtabto drmlagsigds sibyal chag ugdittoigRodnarjdver of

It by | .
A I B AL ST L ol £
drivin@3h @hani@al\RhbRG€or btaRles 133 4 fmAEdad cEﬁnﬁl%Teci%ﬁtvfbp 953 for

_ signal. This offset overconmes theinertia e notor
variougrsaisteppuitgingneds, anda hetterpimanetading essuit TH. Shefdiasesm also

RS SRR B SRR 0L 3
vieweddj W iabrel gt Mhe g6 RoTRRbE a B¥patdiely(@oidedl dofipoadift, inkRiding,

associ ated _signal generator to neet different )
for examalea S ¥riRAF caeBPrEEdY 25, offtha Breyiously auefitioneh tpss, amplifiers.
The d&Q11H Bf)t:hleééqﬂec%%ﬁ{b ﬁﬁtéil@c}tggal o %)Blll&ltg a2 |'111|89 @esc}igeed Ker@ins they
several other techniques that are used t0 generate

shouldbe apizactd tapérsensdntheodrt o gelact dleiprypeafel@aidabbmt Settfodibe
wear able s stemg.of .the present jnvention. First, the

hardw&gq,ﬁodglp nt fagkigation o 1p emery ihg ﬁ:qpéroller, signal generator,

communication interface, batter power source, and other features of the present invention

disclosed herein.
[0145] All embodiments of the present invention disclosed herein utilize a signal
generator to provide a driving signal to drive an electrical stimulator, a vibrational actuator,

or a combination thereof. The bias signal for driving an electrical stimulator of the present

invention is composed of one or more frequencies with a bandwidth of greater than 0 Hz to
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elenments in a nedia (e.g. gel) that conducts vibration
wel |l . The spatial separation between notors allows

wo 2004080528t i on patterns from each notor to PCT/US2004/006864
constructively and destructively interfere with one

about JFREE prfleteblirarefter i D5 hpRop gl nd et pigjesialy groater
than 05@9{?0 é‘t%ﬁ E”Ié{ze ELRGLr, eddh é‘é@h&dl Qﬂnuﬁa%%f'ﬁi’é Bfe§erft thvntion

urality of notor$ may be made to rotate
pr0VICEbsfaﬁ®le@mcaU stgetatiom® tho skis with a ntnred laleﬁesnyddlatramgeadf between

e BT 8 GNP 2 DB AV, an

more préferkblgl %Etv@éen%%ﬂtér‘ tRRA0 tLaARedD RBAASLRf the prese nt
I nvention. To achieve the highest degree possible of

[0146} herwdutsy Benpd fefdrividg @ﬁﬂltvlthraﬁn@ml ettogor cogtponed aft grerpr more

rear fEREHPEE- IS ErfPl® PEPSFlTlckd BRI 5P
than 0P td Abvu@s0NEEhdhoteRRefenBiyvouahtetihen 0 HADIBEuQAW Hz.

such _syste FIG 14a, involves the individual in a

Furthegethe diassiensb frs siriyingybe v sharebagtualprsapritedeiogroduse atmenhanical
smiS54 L0933 et U5 10N 0ol RERSE A D 01 v

about 5diot/in’ owmdansnegmefetabm @tdtor tiad eabmz ehatas 1db/in®.
ro147]' ¢ e e iRt PRy BGiaa Y cachoPe of T EaE Gemeal or
vibratRRbE W@é@in@!ﬂdenll@ﬁ%é{’@ b¥the %&%ﬁﬁ‘ﬁ@éﬂtlo‘ﬁqghégnﬁeﬁldn the electrical

aspects of the test and subsequent analys
characiseasiigh ef edchatioudatehastedt as thh aceohgitad coddfors ef the skin area of

e B0 o PR 58 PR A0 B P AETERL oo,
The sﬁﬁhx%@ﬁ(ﬂd and Qupr@fretholtl @&fkelSéfi situlatioh 26 rdAtREERdB dnY k@mBlation
rammabl e test stimulus control 142. The sti nul us

site tO@eﬁ b P ghe foabandrankin 35 el aselsom opeiindividsalde tnather. Geagrally,
t he
subth@ggﬂé Iseltv% llﬁggutﬁ)l%sﬁ)% B‘élg&/rh %géa/s:ui: %,\%ﬁsr'r’oorfr ?hr@gh%?(? fetvel 0fth a
preferstdemnflbatwepn 1i0sandr30¥4. dackht otitehhand) dupﬂadmedholdllletfél&s about 10% to
|n|t t st..stinmulus via the stinmulatjon

100098 el et e Brss R IR e Brahbs SHeex7s o erfebly 20% o
100%Sbbvald BSacfr®hr&tanP! € whether it was sensed or not,

are recorded by appropriate instrunentation 143 and
[0148haddn thaatiovaisiescribed temomamtscmﬁthmugh caputabovd,4be ccarnr.(bller

oSSR SR ST O L R 8 S v

are gefiéraltylgadu fp@@ tqpRERART ScShotldink®r iMBEtId wigh a be@fﬁﬁﬁ%ohtﬁlmng
sensory function will allow optinmal stinulation

Stlmulﬁw% rrEtvegveT, tibsherldsha nadedthat Bese geﬁlpeal componetiredan bﬁ@@@ed

e

generaiblr andl the comnsyghton i@ face 2Brt\Wx ROA4 cOBBS BB vided on one main

prm’ce:(li> gg{:uLijtS (g)a?r / Oo?e t?xe battery and its charging port are packaged in a separate

housing and located at a remote location from the main board. In another example, a single
controller, signal generator, and battery power source could be used to control and power
stimulation devices on each lower extremity. This single controller would be located
centrally, e.g. on the belt of a garment, with cables communicating with the stimulation

devices located on the left and right sides.
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[01381 The system described in FIG 14a can al so be
used to determ ne the sensory threshold of an

w0 pabisesdesl i n the anatom cal area of i nterestPCT/NS1004/606864
use, the neurological stimulation device is turned

off. A series _of test stimulj at different |evels are
[0149); e d freespnisplith e cabpliaIcints oidheiBiegnt {avenkiaR it 1s goncrally

preferfé'aetﬁzﬁ%@&hﬁ\ga% Y i ge%l%(ﬁ.?calw %lﬂraycﬁtaf &l oediatéscfoe 1eurﬂ$ e

i ndi v les a stinu eve
signallganerhipr seh SCEIHI'OHAJ[' beenalecivishlcontthetos tsuci’uhsaet metalhcdwe oea
e used.to deliver  test tlnuIJ r.at he

147 it f
compgsfsonbiics: BT areaE ShemopRTSa). B CBng SUERless.
such a8 YidhuRlve Eduplingd ﬁﬁd R@ﬂ &)‘ﬁphﬁ’g Ys %& de8e bEREREL &ﬂpﬁhg %i@tsween the

paraneters’to needs of the individual
stlmuleSoss m the cwstmilec eml sighalcsngratosy the 4@malpadirhas dis omol tsittetepower
t est

[ ranmabl e sti.nmul.at i controller 142.
soureq, FHqei ¥ LI BB POLRTURE St fhut UL e Efngtitfy and
an ampnﬁaeb mAAtheasdei vl dighal fea SFEERMIP hﬁgslqeté tQ dM& b Stidulator

of stinmulation patterns. The individual's performance

to proyige gisfiguiatioR to g n,e@@@ecgg@r Biea AP RnGpdivitual. An advantage to this

w1relels§]§'f§'u[pgggﬂ{ t‘ﬂ% k%%e&lé?%oéfﬂé% ?}cﬁh@)ﬁg %ﬁﬂagcgtc Q;fx%g& p%ist P body or

accessSty Wwotmeds thie bpdy asteh et fanay @ack] JbEIBthd:kétQ etechmmh/ee tishkaving a
task performance by the i i vi dual . before
dedwfff?fib% oWy |t1iLﬁJFrtH]P‘|‘16‘i‘?fﬁa g}ﬁawgﬁg SYFOME @ﬁd?%ea Ghjone
baﬁmy%ﬁéfepreferably be downl oaded or ot herw se
connunlcated to the control neans of the wearabl e
[0150kt i nilleavaiions Sinsuletorsi@portidgplatfotmpr wick es e dhoweinkat] disposable

I i t i FI.G .14 f )
pad, % SRR GG BARRLY S e gots bt o B el
meandor RIVRTifik H&t&l&rfﬂﬁo A& ot FRklOWE Péth. BhStyPRalpds Ip9§e of heat
setting up equi ﬁ)rrent instructing the individua

therapyds tvinrisasedacal plaqdaflow epefo infrseve the thesmel stafumof the, tlsaue

comt REEHE AR s S DB S L BB B 188 o

overall @alobef thersytttat espletiail) tﬂ(li thesedhdiviluheusie as dn?yencﬁ who
threshold. 1f. addition testi is_require t he test

Commgflfyn%y?faglqswétotﬁ§erasapu§eeaortqu blaer A tp g sxtregnities

[0151] ep@‘?éa?ﬂlega%% ma\ty‘@é‘ lobRieh ?’eastﬁ&t:r@,l ks on%ﬁrc@eﬁﬂt}l as IR,

successful 'y deter ned, the appropriate stimulation
ultrasqumdameet beating fdarseiteonied | addiyathi ventmildrhen ehaeplolfd he6s: 86

ar.a ted tp the
with a RSB En SR B stich 0F Phe QR PvEicH is AR B PTG o The
placeri®it o thef Hatee 8B iPyiehgatiip awap Bahaihe S8t a0 Wid {ibrdtlo®al stulators
for optimzing stinulation can be better understood

on 2 pipfforiafte ey i depicsticpbiothe Hiaulstorra asi@dpse topthy skanangossible,
such a%tsg{))w& g'tlFﬁ S%%dﬁérg geeH?n Y llgﬁ?é?itcl gentﬁ ttlﬁeut% sﬂﬁ’a&e cl)ef the insole
I'ndi vi dual,” and selecting an 1n

for madtitnoil et Gmsfa. Brasicakbpendr fdﬁd’rnﬁﬁg thecheatel Im/ctyd:teqiroﬁlded by the
erformance in a PeCIer sensorlnDtor task is
same POVIRSERIE A3t e ROntE <6 Stuee D @R opHanal safre Sattem dack-f heFattery

powett sﬁ)gtrck% z% v RORAL BlpBwies cARARer, hgt éhtovdns todﬁgﬁr)mtﬂee&rféﬁﬂ)r voltage

ormance 1 s not yet optl mal
requirement of the heater. Further, the controller may include an additional signal generator

to provide an ultrasonic driving signal in the MHz range, if an ultrasonic heating means is
included.
[0152] In every embodiment of the present invention, one or more battery power

sources, preferably rechargeable, are used so as to add to the mobility and portability of the
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stinmulation paraneters are adjusted 169 based on
results fromtrials already conpleted. Additiona
wWEeoofosisesice neasurenents 167 are then nmade. TPECBHUS2004/006864
process is repeated until a 23 WO 2004/ 080528
CT/ US2004/ 006864 condltlon of optimality.is
wearaglegyateayproxidingngurelpgsal stimulainn M%&qf&aﬁ@%&@ﬁbkwn the
C 1 [
DTS e e R B e o B b P e, and
mckelntabﬂabhiyd]‘fdeFSﬁnlaﬂS’bothbhport@bhegovoér seersosuditis dueltcalk may be used
ize the therapeutic stinulation include

n
tOPOW%ﬁﬁ?Pﬁm ﬁgﬁ?f9?ty tests, joint angle perception
53§ est
o1 ke A P A G ot
be addeglgo thehpresend wenﬁom@shanssahmeﬂs anfhicbmpboimtsensdresnsiorn to be

e o SRR PR AT, o S s

Simildry) paeloerRteR] ceild sdn gaﬁefatt@ab@tﬁcﬂ%easvﬁeﬁ hG&died@tB 8y light.
nmotion tracki ng systens, oni onet er s;
Elthefrfémh%‘ph%ﬂdﬁ@f@v%a@mlm%ﬂ édeyn fempressnit fryention to
cal r {or. neur ons
providl FEENE 8 Gt Yo 80, B0 Bl s AT S B
[0 154]re as’l“l’reeatmralt(&s divenBed thusari Hao€ begh dvtiak Ac@efors/ihbyregiirdan
truments sgﬁa as EEG .  fMRI, etc. [0144] The
elecm&aﬁmvmﬂsevma end foiwagisigrehie mpewde Astimwlaingiviabentoral | y
mechdddeddPRS sitd. q{ov@@m&nv&tlogggno@ﬂﬁéd/ to thH %P gfsactulv@%@vwes
menory, a seria
PaSSl\@a\nhﬂatlenal actma’mmmaﬁalso be psed. PaiDBecmnicat acﬂzuatop%/ala:

cons B S AR PVl g B G BT S by
body ®eipht @by 1088 otidrS RS SAEH AbEhn GRTRENEH S £Bs Q@u@t&%p{ha’t
in FIG 15, which includes a mcroconiroller 151,

returng Fltf‘gfmmﬁ@rrtg itsjopiginel pesitiarswhers theHoaksissempedd. dis ogmpmsls@m or
f t
decon‘%&ﬁ%}ﬁﬁ tﬁl@gs rpgzﬁ:e H‘%%E%&)? I’%zm?ts %'V%i) a? fon. ] uggocrilg?gggdsocgﬁ%ge@e

passn&mtxamrrmm;e is DAfeatkily do@{pres&@dlbjé tHd dpplidaifint @ibolal aseight, and
al og bias signal, analog conditioning and

retumg s QRIS ORCF OSSR Do Wiod T isBiap Vibijfings tmeencrated.

I a
T R T P
specifgatinn ihﬁtgm:atrr: doni itluftoative HBrifoses onlarVarusissiggiagond and rngdlﬁcatlons

e a8 S R AL O b ¥ the mai

themesthéﬂéblﬁ H wihbe é@%c@cﬁé@ﬁﬁpe@&% sztilﬂardalh A [H%E e JB¥nPRivention
viewed as an Integra Eart of the controller or a

is not {igpted bysvkat fapbgsadatinmsolyesho wniand (dgstirihgd hefein alewanpl e,
ADC, DAC, nenory, such as of the previously nentioned
types, anplifiers. The details of these electronic
and el ectrical conponents are not described herein as
they should be apparent to persons in the art to
sel ect the proper electrical and electronic
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hardware to inplement combination to inplenent the
controller, signal generator, comunication

WO niog8@Eee, batter power source, and ot her feaP@¥/ES2004/006864
the present invention disclosed herein. [0145] Al

odi s_of the present invention disclosed herein
VVHAﬁﬂgfﬁ;éﬁiEQﬂghal generator to provide a driving

signal to drive an electrical stinmulator, a
vi brational actuator, or a conbination thereof. The
1.  bAageasabjnsitstefo fordheinmvl apgrabstivaleitdn o ftahursin foot, dhesysein
the present invention is conposed of one or nore
COmMPHYR_EAuenci es wWith a bandwi dth of greater than 0 Hz to
a platfdfin W3R Qe ias $1 %g&@éﬂ i
P prefe#a%ly 8%22%??55%22 Fh£$%é§%§ﬁﬁag@Ei@%ﬁéﬁgﬁﬁ%?gonu)
mechaspeeceptatsliy thprfeatter than 0 Hz to about 1 KHz. Further,
ach el ectrical sti tor of.the.present. .inventio
st ea B 8% GBS aft O AUT prefida 4 Gt SERY 1L RRC fehteast one
bias sighsligmitticiemsadsy i n a range of between greater than 0
to 10 about mA/in2, preferably between greater than O
a contellepmgans for peutiollng the gt lepss pre bipssignaligenerpior wadthe at least one
: . X about 0.5 mA/in2. [0146] The bias
bwss%#%ﬁ%ﬁﬁ?%$§%?¥@%%b each vibrational actuator is
a poweispaseodiing rEctican@reesy th tlentoenollesmedrs na thran takidnd bias
. .of greater than O Hz to about 1 KHz, preferably of
signal @eRSpteF- than 0 Hz to about 500 Hz, and nore
preferably of greater than O Hz to about 100 Hz.
Further, the bias signal for driving the vibrationa
2.  athewrconblssysemed claon pr whiereim the pletthanicatemebblethsated iosert of a
of greater than 0 I bs/in2 to about 10 | bs/in2,
preferably greater than O Ibs/in2 to about 5 Ibs/in2,
and nore preferably greater than 0 | bs/in2 to about 1
| b/in2. [0147] The anplitude of the driving signal for
3. edenweypelesystemioiglagn dr Wherriadhe platfbrrais a shokr at i onal
used in all enbodinents of the present invention is
dependent on the electrical characteristics of each
4.  sThewkatble spsemelf klags 11 Weers@uhobagbanls ceotlli ti on of
the skin area of the foot and ankle of the individua
utilizing the wearable systemof the present
5. 1 PMERELGRe systBE oFuRiAneshake RO BARLAL DS ?igﬂélqrr}lﬁlﬁ\ﬁ%aﬁs is
of stinmulation are relative fromone stinmulatio Ssite
positiengd andt thetrstionilative if epytlicd halthasides ofithefedtt as from one
i ndi vidual to another. Cenerally, subthreshold Ievel
is about 5 to 50% bel ow a neasured sensory threshold

6. | EielvearbleRyfem RF €fagth @ NG Rereh tHEEMBAR 0AObRB g TptPheans is
the other hand, suprathreshold level is about 10%to

positiongd gushathahssinalationd s pendied e tepbandar|sunfate ofghefost.abl y
20% 500% nore preferably 20%to 100% above a neasure
threshol d. [0148] In the above-descri bed enbodi nents

7.  ofike WharablgRysenei chbovewhébe thontleadt bee bias signal input means is

positioned such that stimulation is applied to the top surface of the foot.

shoe.

8. The wearable system of claim 1, wherein the at least one bias signal input means is
positioned such that stimulation is applied to a combination of locations including the sides of

the foot, the top of the foot, and the plantar surface of the foot.
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si gnal generator, conmunication interface port,

recharging port, and battery power source are
w@emwensisky grouped together in one housing or PCT/US2004/006864

integrated with a platformcontaining stinulators.

ver t shoul.d be noted. that these genera
Hiﬁ% Sl 3o olgrg dphere Ba LleaT g RS pisddapytangans is
pomtu%%ﬂ%@h@pl'ﬁ%ﬁﬁ RonfRf nd R pdiftSar&RMrHR 081, so B m1n1m1ze
al generator and the connunlcatlon I nterface port
dlscorh@mmnencmduﬁevq@nog t@adatﬁtmm aed toedontacpnombexdingg areasi df the

o, 9RO T 0 BB i ions o
unconﬁﬁmtlesﬂr&%bmg@la‘cé&mtﬁéefo@tal n board. In another
exanple, a single controller, signal generator, and
battery power source could be used to control and
p [ [ wer. extr .
0. DR Bl P0E, SR BIEHiaE Ky Tt means

compleseg at Iaﬁlstfohe eloetkddeqilacad gabiBedr theMobhthaBlbeRles electrical stimulation
nHunlcatln with the stinmulation devices |ocated on
to thetfrf‘é orgeerifEs ofithitooki des. 25 WD 2004/ 080528
PCT/ US2004/ 006864 [0149] In the contenpl ated
enbodi nents of the present invention, it is generally
11.  piTe¢ geambletshistiem ol elagt il Ay vbdreinghe at.least eheclsiby sigad] imputting means

AP GO, S SOURLEL LR AN, 2Ll s,

such as a netallic wire or a conposite conductor.
However, in an alternative enbodi nent, the coupling is
12.  wiTheweassble sysieth o4slaim d uWht:l‘@?él tho aifeash gnabids REn@iou}pﬂttln@means

comp ljé{%ls Edrg‘l%a%% %?g Ogan %Wtk KEbE P& o n dFSpgﬁ%)?e %q,eﬁ’éﬂdegaetﬁiear %?t%qble

electrédee stimulator has its omn battery power source,
receiver for wirelessly receiving a stimulus S|gna
fromthe signal generator, and an anplifier to
13. a'ﬁ%& ’wf hrablQy ! f i
bRy GRS Yt T A0ty Pt i AR ol H popprises
an elethnocb paéunncwr;mraipd ora gargani A hadrophidiicvuind lidtriciobn cagtirgnt age
to t.hi el ess, coupl i is.the placenent of the
(mnm%%%ﬁb%ﬁ?%¥hﬂﬂﬂFW@Fﬁnggt SV&ldYehart of the body or
accessory worn on the body, such as fanny pack, belt,
pocket, etc. Further, by having a dedicated battery
14. ¢ Ehiammﬂabheﬁﬁst@m iofrglaisn stWhthle- thieelecttside peg stcemanaipd ires garment
. tter 015 The vari ous
18 Ovejés? iiéﬁu?%lg %ertg nlgeu%g%rctom g@? ﬁ% &%%C h as a shoe
i nsert, disposable pad shoe foot and ankl e harness,
an sock and i nsql e conbj nati on, fptlonally i ncl ude
15, nghpwepgblesysivn af Agih Savhemirthpplatiorn ke Hegble dispepable pad
h b1
oin8 8818 TR Sl R DA 0y MR SSEAN A b o n
insolestfatshee.of the tissue. Conbi ning heat therapy with
neurol ogi cal stinmulation in the present invention adds
to the

16.  The wearable system of claim 11, wherein the platform comprises an insole portion

integrally attached to the bottom of a sock portion.

17.  The wearable system of claim 11, wherein the platform is a sock which has integral to

it woven electrical conductors as electrodes for applying stimulation.
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overall value of the system especially for those
i ndi vi dual s such as diabetics who comonly suffer

wo owg/ogfs29ot h sensory function and bl ood fl ow PET/UR®04/006864
extremties. [0151] Heat therapy may be provided by a
thermal radiation source, such as IR _ultrasound, or
rfﬁ%ﬁf@ﬁﬁ% lersystgmetclagBrid r Whetsid thy pletferm i saskvich Iag integral to

ﬁekm%6 JHS &ﬁﬁmgﬁ W th a neurol ogi ca
stl atlo evice o fhe present invention is shown
in FIG 8a. The placenent of the heater 86 is

pref erab m t he elec rical and vibrationa
A friieapblesEn o g’f“Btlf BRFREAEI6 Eieast B bI2S FHEBYSp Gripgmeans
isa v1§1ta't16h'eil %E\Qlﬁﬁ)r ﬁﬂﬂmﬁ'ﬁf_% % Iﬁ%gﬂﬂ ibAgioR Kb the@Fe RO &{E}gytrse of the foot.

such as shown in ere heater 86 Is
close to the top surface of the insole for nmaxinum

f d he h
G R R R

vibratiopal dcelak@t , etc. or by an optional extra battery pack.
The battery power source may include a power
converter, not shown, to support the current or
v ' s her

213t SR SRSy O, KRECHEL S M ablprogories

least dne off a eledieoramgnetit aatsaoi, an drebﬁtb-mgacﬁarg&ahcﬂuatot fh%oﬁli‘&tate
range, iﬁ an ul trasoni c heati ng neans is i ncl uded.

actuatpg sdiraplic GRTIGr, @PRBATHISHICHBIOT, hESrior Bueiach R mIdon,

clectrRfvObolRicfc Rahkigry pover - sources, prefer abl y
rechargeabl e, are used so as to add to the nobility
and portability of the 26 WD 2004/080528

[ US20 /00686 me abJ e syste rovidin .
2. 1 3H SRRAPE St oI Loy f"ﬁlﬁ‘éﬁe e frerlrdbrunspicaguptor
compﬂitfé@ at REE28Bbf b fbtﬁ?tnh&ﬂr dnaGl tueer MBtar! kal ine, N Cad, a
rechargeable Iithiumion, polymer, gel, and nicke
netal hydri de. Slnllarly, ot her portable pomer sour ces
b n
2. SR el SRS S RS B9 R BISRE o
compmﬂshnmmn@nesfaMemaw&mkﬁbmanLbﬁkodeuhdnﬁﬂﬂﬂmiagﬁously
. ge ad to the present invention. Certain materials
MICTOgiFefr Bﬂéﬁ@§ e been shown to be able to generate
usabl e el ectrical power from excess energy expended
during striding. Simlarly, photoelectric cells can
24, gél?b@r\mambé& %Gtem cladlaipole wheteemthie vilarelii aitak elctwatohis laipg betive
brat Ei t her Eggomer recovery technol ogi es could be
Vlraﬁ@%ﬁm?%m?wgzﬁ %®nt invention to provide a partial or
full recharge to the internal batteries of the
stimulation system 501541 The actuators di scussed
25.  t hhe weareblsayeepod slaim 21y ehereinfhe passive viratianglisgteatemcomprises
SQUI: N S|gnal to provide
ot lea LRGN Slep PRI RIARE U8 RS SCapt or i te.
However, the invention is not limted to the use of
i ve devi ces.

a
26. ﬁle wearable system of claim 1, wherein the at least one bias signal inputting means
comprises a combination of at least one vibrational actuator and at least one electrode pair for

a delivery of mechanical and electrical stimulation to the mechanoreceptors of the foot.

27.  The wearable system of claim 19, wherein the platform is an insole portion integrally

attached to the bottom of a sock portion.
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Passi ve vibrational actuators may al so be used.

Passi ve mechani cal actuators are constructed from
wOorai0e08@ks t hat generate nmechani cal vi brati onsSPEEUS1964/006864

are conpressed by body weight during |oconption, etc.

Such mechani sns i_ncor para S struct re that
- heFRae haysen @é@fﬂmtlg Wﬁl%re@rtﬁ@?lﬁ %hlem@ﬁsabﬂfepad
havin% Q& Sf 4 BOPYEA an ASALQIPESRS With Q&hesgfé TR lg rel’ttachmg toa
akes place, the actuator emts a vibration.
sole oflaisliaeg striding, the passive actuator structure is
repeatedly conpressed by the application of body
wei ght, and returned to its original position.

29.  Coné eesiaplelsysted 92 Clim TOCHBO LR he NialtbAE | b&ﬁﬁnﬁs% ﬂex1ble matrix
generated. ~[01551 The toregoi ng specific embodi nents

materig} enciesingresbration trunsmitting siwicisiet aridet d¢ast enetdféhe actuators, , and the
f40 tion, herej N are illustr Vv ur poses
platfoﬁﬁ‘lf P t%r?‘io@stfa%%ﬁlé aé & Eﬁu‘f’?sco & eolﬁgg can be
nade wthin the splrlt and scope of this invention,
W t hout departing fromthe nmain thene thereof. It
30. withe weerabls sy eemat clip 2O pwhesinghe kibration trapsmiangmeteripht
invention is not limted by what has been
Cmnpﬁ%??%&ﬂﬁa % shown and descri bed herein above. 27 WO
2004/080528 PCT/USZOO4/006864 ~WHAT IS CLAIMED IS 1.

Aa%\garabesstergx]gf oIo %stlmﬂatlon of a

WeRa yaia ration yagspEtng mateial

compﬁé'es leRg&dt 0ROEF ﬂ%l?ﬁleﬁé ?fﬂ%hd 'aQ/Ps‘éB&lhﬁﬂ: ffBans adapted to
apply a stinu Ion To mechanoreceptors in the foot;
at | east one bias signal generator adapted to provide

naI ve, the at | east one
. fk AR o iR ab) Sceg b b Bl Rn Ghe Fereral
cmnpﬁﬂﬁhmghﬂhagu@ﬁ@aagahaﬂst one bias signal generator and

the at |east one bias signal inputting nmeans; and a
power source providing electrical energy to t he

33. CqfL ()v%ljaﬁlre s%ﬁ@ﬂil%f %ﬁﬂnbgewﬁére n ?e;‘ le?#ﬁnq}agg’mlfﬁﬁ%ﬂl% enal

generator. he "'wearabl e system o

comptifes apgbmpbaterntriustueal emmaabl e i nsol e insert of a shoe
3. The wearabl e systemof claim1l, wherein the
platformis a shoe. 4. The wearable system of claim

34, 1Th¥\'ﬂz%£1%bl% s?ﬁ@m@f 3k AN b/ RerBinIRE kflbraﬁron-[ﬁﬁsﬂﬁgﬁgﬁlla%ﬁal

syst em of aim1l wher e| n the at | east one
compgsey paleasgt epeof m@df@gadss polpwsiit gelneidcalastic févat, a metallic structural

eleme%{, Iarqajag(grlnggsne strl?&erall egmter(i)t the sides of the foot.

35.  The wearable system of claim 29, wherein the at least one actuator is encapsulated
within the flexible matrix material such that the matrix is optimized for transmitting vibration

to the surface of the foot.

36.  The wearable system of claim 29, wherein the at least one actuator is disposed outside
the flexible matrix material such that the matrix is optimized for transmitting vibration to the

surface of the foot.

37.  The wearable system of claim 29, wherein the flexible matrix material has a form

factor of a shoe insert.
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6. The wearabl e systemof claim1l, wherein the at
| east one bias signal input neans is positioned such
W bat/ostsesrul ation is applied to the plantar sup¢EHUS2004/006864

the foot. 7. The wearable systemof claim1, wherein

the at | east one bias signal input neans is

positi oned such that stinmulation is applied to the top
38. Syﬁ%ﬂﬁgﬁaﬁg sHE&n fof’gﬁtarm 8o, WGeine RRoTamY dse® ifderCd @yHses a

1, erein e at least one bias signal input neans is
flexible@sdttix amediab fitiéd whiatigkl beats, athiecain the ahjrpbtiond bias signal input

TR e A .
optimfz@@fcfr%hsmi%&é’@o%@%fcplﬁ@%?a%ta'? Glrade2R O 866864 9. The

wear abl e systemof claim1, wherein the at |east one
bi as signal input neans is positioned on the platform

to. contact non-pr.essu int areas of, t f.oot, ' s
9. 1 Ing PRy T9En BE RIS, DB R R SRl i R cfu e
flexibRlradtfiR iiBterAi 8116 OwaR RigaTheat s And eiecht MhsBdRdSasHi griah &rput means
foot, so as to allow the flexing of the platform

comprifigs i pipraliiof aevatmsembaidadovithiaden flexdhlgmagix material such that the
. un [ I Dej. 0. The
sl DEALPES AR AR BRLDR P RERT 0 e PO, T

bi as signal inputting neans conprises at |east one

el ectrode pl aced on or _near the fqot that. pr.ovides
40.  oilBe picahle systemnef SR8 A% ¥ erF‘Héhwgﬁ%hB‘F%b‘égi%?% Igqut pieans
compri®8bne dlmore YRS At¥ittored ShE e stiﬁhﬁ‘étmn]iga?ﬂ’m:ﬁ e SN of the
at l'east one bias signal inputting neans urt her
foot. conpri ses at | east one reference el ectrode placed on
the body wearing the system 12. The wearabl e system
of claim1l, wherein the at | east one bias signha

41. | MAYehRBIN®RBS of CRIMMNDSREer8in the@Skastbie Bibs Signal input means
stick-slip electrode, a disposable electrode, a

nd a
comprizeg shlspss one pefbateiphsitiongd sqdhethojstiraliationds apndigd &3 the|plgntar
12 rein the stick-slip electrode system conpri ses
Suﬁmﬁﬁﬁéwgﬁ??ode pad i ncorporated in a garnent, a
hydrophilic and |ubricious coating, a conductive
hydr ogel _skin nnun{h and an adhesive |ayer. 14. The
2. dhe asreblysrem AN Py g e Fdewt REDe Ehs dpRi Fagns
i i f ' 1t8p surface
comp O R P Se R ER BRI byt By QUL RR, LI LY Rl sur
of thevfealr abl e system of claim 8, wherein the platformis a
fl exi bl e di sposable pad having a formof a foot wth
an undersi de coated with adhesive for renovably
43, athaGhhngld Qs@fm oficheRl 18, Fheinsho et ledd ond bRs Weaildbp@ means

system of claim 11, wherein the platformconprises an |
comptipgsding opoiore aftuator such that stimulation is applied to a combination of locations

including the sides of the foot, the top of the foot, and the plantar surface of the foot.

44.  The wearable system of claim 19, wherein the at least one bias signal input means
comprises one or more actuator positioned on the platform to contact non-pressure point
areas, so as to minimize discomfort to an individual wearing the platform, and to contact non-
bending areas of the foot, so as to allow the flexing of the platform during foot movement

without additional or uncomfortable stress being placed on the foot.
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integrally attached to the bottom of a sock portion.
17. The wearabl e system of claim1ll, wherein the
wEb@uOgrses i s a sock which has integral to it MOL/ES2004/006864
el ectrical conductors as el ectrodes for applying
i mul at.i.on 20 0528 PCT/ US200Q4/ 006864 18.
45. ‘M@é?béﬁﬁﬁt%%{é)ﬂ%g 6, & r%l%f at {gast-que biassieng] Wppbmgqos is
appl1ed§>tﬁe§1@6§<of/’kﬁé%thas integral to it electrode pads for
appl ying stinulation. 19. The wearabl e systemof claim
1, wherein the at | east one bias signal inputting

ans i |brt|on ct ua rowdln st latin )
46, TR Seariiile Bt of i, ot 8o MR g sinal gt mbshs is
posmojﬁb& swhaha ké’ﬂﬁuﬁﬁi%ﬁ %'Bp@ﬁe@ioﬁhé"bﬂaﬁtar whelRioR e ot
vi brational actuator is an active vibrational
actuator. 21. The wearable syst em of cl ai m 20, wher ein

47. t”fhee attéb\{g l%%?% & a%q telgeglt% g?e rl & biask 51gnai 1nput means 18

one O

posmoﬁbd?@tidhﬂhaffeﬁﬁamu@ﬂﬁs e@@hb@to&he tap Sil@ﬂabedoﬁthaf&)t actuator,
a hydraulic actuator, a pneunatic actuator, a

ferro fluidic actuator and an el ectroact|ve

. r .
. OISR, SR 8 TAIREILS GO B
positloﬂedrprdhsthea stiulagias is appiedfo eacdhﬂilﬁertyonmfﬂmratla]MnaluﬂinngHé sides of

rable s emo Ia|m21 wher ei n
theﬁ“?ﬂ% 5?‘%%@%%06ﬁ3 |lggutar sy %ﬂﬁdﬁé conpri ses at

| east one of a shape menory al |l oy, plezoelectric
materials, and m croel ectronmechanical actuator. 24,
49.  Thie wesartdd bysteny of dao?6, giherem g, at \Ha&trtmerblztsmnal input means is

positioffsP R eHtborRif 4PiBL: ol PeslR ol ancét o7k Sz dispmtort
to an llaﬁVld\Mﬂeﬁ@h‘lﬁg tHeep 1B, MRl 10 ddhalct AfiebendtigmtRlofERIMRbE, $6%s to
| east one of ratcheting system and hook-and-eye

at
allow the flgxing 0§ thegdatformedugiag fegsineoveirentvritbout efditianal or whearefortable
Sﬁm$ﬁgﬁﬁﬁﬁc&ﬁﬂﬁheﬁﬂﬁ bi as signal inputting neans

co

I ses a conbi nati on of at | east one vibrational
act uator and at |east one electrode pair for a
|ver of nech |ca and el ectr cal % mul atjon to

t ?163?5&%13 Joidn L‘% Shiesin Gt 1ogst onphias bRt means is

p051t10§¥(§ SRt sﬁinalaﬁbﬁ% appl&d &) tRe Lilgs PHALERRM i S an insol e
portion integrally ‘attached to the bottom of a sock

portion. 30 WO 2004/ 080528 PCT/ US2004/ 006864
51.  The wearable system of claim 10, wherein the at least one bias signal input means is

positioned such that stimulation is applied to the plantar surface of the foot.

52.  The wearable system of claim 10, wherein the at least one bias signal input means is

positioned such that stimulation is applied to the top surface of the foot.

53.  The wearable system of claim 10, wherein the at least one bias signal input means is
positioned such that stimulation is applied to a combination of locations including the sides of

the foot, the top of the foot, and the plantar surface of the foot.

54.  The wearable system of claim 10, wherein the at least one bias signal input means is

positioned on the platform to contact non-pressure point areas, so as to minimize discomfort
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28. The wearabl e system of claim 19, wherein the
platformis a flexible disposable pad having a form
wo@Rooa/08ie8 Wi th an undersi de coated w th adhesPUEUSIN4/006864
renovably attaching to.a sole of a shoe. 29. The
wear abl e system of claim 19, wherein the platform
to an iggivphipkwearierthe iafpen,mad to sontaeh nep-bendieg ateas piife foot, so as to
' We! 1tk ‘an ast, one of
alow e ¢ F0 by BUENGEH Gy BB RRRLLE g Pmtortabie
stress beiag phiced omthevfbdtr ati on to surfaces of the foot. 30.
The wear abl e system of claim?29, wherein the vibration
transmtting material conprises rigid beads. 31. The
55. VRL ABLELRYFHEM 21 gl Thédn tl’l‘@ﬁ&v@%r'ﬁoru&% fﬁ%%&gﬁ#l%ﬂ and signal
transmtting material “conpriseS at least one o
genergiad arerartegratge intan dioasing thatie pasitiowedf reatel B RomTthe platform and is
arabl e system of claim 29, wherein the vibration
COWﬂ%ﬁQ&ﬁﬁ@?@ material conprises a netallic structural
el ement. 33. The wearabl e system of claim 29, wherein
the vibration transmtting material conprises a
56. cthposimblesysterstofickim &b cwiarein tihoubing indlaxibldl andsyairahie
aroun f cl én129, wherein the vibration transmtting
et & |l conprises at | east one of rigid beads,
pol yneric gel, viscoelastic foam a netallic
structural elenent, and a conposite structural
57. elbewptrablgsysiqpef wlatp ap) whegigtahoning iaseaurdle onie pshoe.
the at | east one actuator is encapsulated wthin the
flexible matrix material such that the matrix is
58. ofh¢ weaeblefspsterhrodokirm t56) wigery iHertaiubiap cah be tdvaresiud haamment.
of the foot. 36. The wearabl e system of claim 29,
wherein the at | east one actuator is disposed outside

59.  URe fk&biBlsGstBROF hi Bl fhédin tﬁé‘g&w&%hrctehﬁle %Bﬁt%l%%r,' and signal
optimzed for transmtfting vibration to the surface
generapér arpntégrated i87 theThatfommar abl e syst em of cl ai m 29,
wherein the flexible matrix material has a form
factor of a shoe insert. 31 WO 2004/ 080528
60. PCHé WeZapIe/sPN6864 cladB 55, WRerwB AR ePlbosy SilrBi® 8dmprisk platform
19, wherein the renovable insole insert conprises a

coupling @sgant, @ hatformponer seureg meqns|fegsupplying ¢letdca @awst to the
o8 4Rl 95 ABELEE 80Tl M AL
furthet beenprizeob eostdler thatling hecabnHHo beupliig voif iheiplafdrhabupling means

transmtting vibration to the plantar surface of the
for trapgg{&_?ng tthe d:plgmg ngnaf to the platform copup 1ng means.
61.  The wearable system of claim 60, wherein the platform coupling means and the

controller coupling means are wireless communication means, comprising optical means, RF

means, and induction means, or wired serial or parallel communciaton means.

62.  The wearable system of claim 19, wherein the at least one bias signal inputting means
comprise a plurality of vibrational actuators disposed on the platform at a predetermined
spatial separation between the plurality of actuators to induce random vibration by

manipulating the phase of the driving signal of each vibrational actuator.
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39. The wearabl e system of claim 19, wherein the
renovabl e insole insert conprises a flexible matrix
woredoens@ks filled with rigid beads, and the at PEHBES20041@06864
bi as signal input neans conprises a plurality of
a %%ator enbedded within the flexible matrix materia
63.  sJdbR werrbla gratem; pickaua 195 whereinthe aideqss one biap signaltinpujting means
j o : . 0., The
compHLEY AR, Lol ARAUESATS, Bhet NS00 wffy v
electrivaktiy bmbgiahd whertin theensrolleomparsiesdpeed tobpem@teahe plurality of
b actfators positiongd such that stinulation is applied
vibraljQfiat griualory gy regerse fothers ¢ as topindugsaaigom wibradioaylkstimmlesion.
claim19, wherein the at | east one bias signal input
means conprises at | east one actuator positioned such
64. t Hae weriahle systeorofickirmipl wheteinghe hidleqt and bins sighalfiametiof means
t.he f.oot.. 42.. The rabl e system of claim19,_ wherein
complifie B Fvibyalial B SRt dRtEd Blrorre G o i
electrlceidp biaSdde aRCivHatdthdagbdst Qﬁhelﬁasséi%llﬂal ?Q@érat%ﬁ ig%bl_}?]\%& RgdnRrate
e : e

applied to the top surface of t oot. 4
steppegkdiang derals tdwredt theldaration 9f eadhetapi of thhdrivbg bigasls iofa time
i j [ . rean conpri.ses, o or nore . .
duratifh STEICAND oy b EERR B GPITER 2 Gty oy o vibrasion,
conbi nation of locations including the sides of the
f&gt, thg top of the foot, and the plantar surface of
65. 1 f8e pioarablesystentiof clagm CApyherspdhe tngfduratian fs ing: rangreefd to
the at | east one bias signal input means conprises
8 mset! glle
one or nore actuator positioned on the platformto
contact non-pressure point areas, so as to mnimze
di.sconf o to an_.individual weari the platform and
66. 1 5BE SPaRle SKORD o5 ER g HPesS Th lpet Pabies g dhughng means
compidd OWYutalies §fl Ritatdes Rlaptel@o Bleadel0FiFafbs vheh b& i
pmﬁthout g&ditional_o? un%onfoﬁtébﬁe stress ggfﬁg%ﬁgﬁpgm“ﬁﬁ
and wherginethe afleasheng bias SigBR sWBra0018/ad805E® generate an offset driving

s PETHAROR QBB ol 105, A2 B AT Bl Sh P

state tb $SmpRPP tlicttné Rspdigessifibsaddfiatéide foot. 46. The wearabl e

system of claim 26, wherein the at |east one bias

signal input neans is positioned such that
: Sty i ' i t - f the .
O S PPl 5 el o A o Rl et
adaptegltto |gemsrete anoffbitalsivaiggigal imnguiditioneatise dri/ingsigndlisoneth place the
actutsuch tha%.stinulation is_ag lied to the top surface of

AP R BiCTHe Y CIepREnGRIAic AR BP0y E (G HTBE reepenshy 2lethe aptartersivhen

the actub®rddre bERASIrPBLINAS s SHARAY Jr pRmIgBANS S

positioned such that stinmulation is applied to a

conbi nation of |ocations including the sides of

68.  The wearable system of claim 62 wherein the actuators are electromagnetic motors.
69.  The wearable system of claim 63 wherein the actuators are electromagnetic motors.
70.  The wearable system of claim 65 wherein the actuators are electromagnetic motors.
71.  The wearable system of claim 66 wherein the actuators are electromagnetic motors.
72.- The wearable system of claim 68 wherein the actuators are electromagnetic motors.
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the foot, the top of the foot, and the plantar surface

of the foot. 49. The wearable system of claim 26,
wob@res0s2¢ he at | east one bias signal input NMERBCHEUSR04/006864

positioned on the platformto contact non-pressure

point areas, so as to mnimze disconfort to an

i ndi vidual wearing the platform and to contact

h | ] the..
. 30 B A R D L s
compidghcti plumh@l oﬂmbnaﬁcmﬁau&taﬁld@spos&d @she BRitRSMPL 3 pedeRinined

he fqot, 50. The wearable system of claim 10, wherein
Spaﬁaf trRargtion Befwteen the nhirality of gefytorsip idug aryebrptéon having a desirable

t
emplfiRE by bAoAl THloB o e PR O bR ifgtiona
actuatg), wherein the at | east one bias signal input neans
is positioned such that stimulation is applied to the
pl antar surface of the foot. 52. The wearabl e system
74. Ofhe kx@hrﬁbl%@yst%%f%la‘ﬁn@bewﬁéreh%ﬁéhb%ﬁm%aﬁ rcth@%ﬁllaterial
i nput means i s positioned such that stinu nis
compxaspag laf ksaist 1003 Dfmglﬂdpa@dpﬁmnggeh heistodisticF&m Tzhmetallic structural
bl e ste wherei n.t he, at e
ctemelff AL mETT e b Rorel aRs o ARG s e oS
adJustsmmer@ddno@opgﬁgaﬁ&pl ied to a conbi nation of |ocations
i ncluding the sides of the foot, the top of the foot,
and the plantar surface of the foot. 54. The wearabl e
S r bi as
75. s?fg%] gf%rl‘a{ﬁle%br&élmo%glal%@ \ﬁhé}FH}ﬁ 9%re{t1%)$§}angrpﬁll%%%epgl
compiises halehst paa oPrigid beads, p@iymbnagelas visBeel@sic féanil] dvinBlald®e structural
di sconfort .33 WD 2004/ 080528 PCT/ US2004/ 006864 to an
elemept, ailcgf‘ BRrPOSHE SPoyral Hementnd dF Frangad in $rch Grivaycas to effect
adj usthﬂB Vﬁﬁeﬂﬁinqgol%[g%ﬁén Qhd teex iéagttone%gmﬁﬁ)r 0, lﬁ{e!h%aof eﬂtﬁlators
l'exi ng of the platformduring f nove t hout
POSItlmlat p predkteomingd spatibseparlatien b@lmees ﬁlehnémm@typif actdtognto optimize
thevitthmf oot . 25. The tWezir abh?1 s?/%té)em of claiml1, wherein
YR hi\wRpeaLgN chagactpristicy gHbE BIAUOIM. g si gnal
generator are integrated into a housing that is
positioned renotely fromthe platformand is coupled
76.  t dhe Weargblgtsygemmof sBim thehoeiyad tast enpdriesrrigifal gengiatoss,
around
Pfog%*‘%ﬁ%ﬁi pd OEpfARE oYk S B e FEATARSE i B por
and a tdok-upaeisle figr deneratagls dlak gighdit 0 a shoe. 58. The
wear abl e system of clai m55, where the housing can be
secured to a garnent. 59. The wearabl e system of

77. ClTﬁé Weérabl‘é@%t@rhr(‘)f &3 PBVEhersRYh S Roisd %&t oﬂll;#ﬁés' at 38t one

nal generator are integrated int
of therma. noise source, and diode noise source.

78.  The wearable system of claim 76, wherein the signal generator provides a non-

deterministic random signal driving the at least one bias signal input means.

79.  The wearable system of claim 76, wherein the signal generator provides a signal of a

predetermined at least one repetitive pattern and series of patterns.

80.  The wearable system of claim 76, wherein the signal generator provides a signal of

controllable signal amplitude, frequency content, waveform shape, and repetition.
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60. The wear abl e system of claim55, wherein the
platform further conprises a platform coupling neans,
w@2pkasdses m power source neans for supplying ePEDUS10048006864
power to the platformcoupling neans and the at | east
one bias signal inputting nmeans, and the controller
further conprises a controller coupling neans for
S PRIt BP0 SRR (oo B Raapp 8t control cach
individualpias signahégnstingghearnbize asvectdot mdsydtadimncohtrall abilaarfiiljtude,

wherein the platform couplj.n ns. and the
frequee%»ﬁffqnéq%é’?avegqm %fhﬁl@e reSFrpetiich of (e ias SeRdhmuni cat i on
nmeans, conprising optical nmeans, RF neans, and

i nducti on neans, or wred seri al or {)ar al | el
82. cBmnwearatde systeme ahelaing 20, Wieseinder cobtrelleymeasmeofitrgd$ therat least

.19, erein th | east .one bias signal inputtin
one bifesigh Builon 4 logrtiEE) eppl EPuratiG pPRHbhE By tireshold
level sdia§ ROSRL ShsbfenRAREMmERtN at a predeternined spati al
separation between the plurality of actuators to
i nduce random vi bration by manipul ating the phase of

L0 R F LBl St oSO B o

one bigd sighahictnetflor aMdahehticidnenabias sigsd] igpue nivhastosipgread at a supra-

inputting means . conprise a plurality of vibrational
threshgldileve 89 a8 @&é%ﬁtéaerﬁae%lﬁé%éagé apf BPRIOV BRI ?elq%ﬁ ﬂ?ﬁav
el ectrically biased, and wherein the controller neans
is adapted to operate the plurality of vibrational
84. afhewtonlslesysterevéciaan 36, whdreinshsonislleoneand gostrola fimnleast
vi br atli onal stinul at,ion. 64. The .wearable sys

one biag signa g@r’ler%re .the ‘hlgasé{)nﬁ: lélé% flg%ﬂ ANt meags no&{erGart% a%emately at

a sub-thRUb1dI 181 BRAS Suprs SFBIHofEl el PddHsab ieff¥ct REndbkPErdHah &dddnt,
actuators adapted to create a vibrati on when being
therapeptecompgsegd dngd ipipeeyethentefblodfelarn t he at | east one bi as
signal generator is adapted to generate stepped
driving signals, wherein the duration of each step of
85. t fiRe dedrdbiegysérgnékkirh 96 0khaeihithecontiotlad ineanssuhtrols et least
to . avoid placing the actuators in.its natural X
one bipy ggid gegerapr Yidiha et lopst opsbia g Hldn Breanspat dif feast one bias
ignal Ghils isedRLIEl b BEs I B 1EPHEhLR8, dig opBrafing 3NI&HHMreRhold
Signa ?lcl)ﬁi gbﬁé%%e%%e. '?‘ﬁe vvgara 1eBsyst em of O?I aai 1r1n£19, HESHo
level anldestteinatetsheithbndtbarsimeoperabngst sfugreathréshpldtlevehgporns dmstfect

sensofj BRAREaR RSB 1 BrEE T BT o aeicod B wher o n

the at | east one bias signal generator is adapted to
generate an offset driving signal in addition to the

86. dilh¢ egrablegrsitm o6 claimtlg, wheteia thheiaysignaltior driving the at least one
[hertja-over ] [ 101 1

cter{ 95 U F LSy SR R L AU R g o o

about@b&iHm. 63, wherein the at | east one bias signal
generator is

87.  The wearable system of claim 86, wherein the bias signal for driving the at least one
electrode pair is composed of one or more frequencies with a bandwidth of preferably greater

than 0 Hz to about 5 KHz.
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adapted to generate an offset driving signal in
addition to the driving signal so as to place the
W@ei0yasmes in an i nertia-overcom ng state to i PEI/UY®04/006864
the tine responses of the actuators when the
actuators are being driven in reverse polarity of the
88. dtheavenrabbBsysEineofvdainedil, svisysn ératods sgmi for@eividgshe atleast one
he actuators are el ectromagnetic .notors. .69. T
clectroyg i3 ABIPE A oB CooEt B OB ERL G Tt it o i o dSaply of
ereater®h&C6 IQTRIRRLI1GEpt ors.  70. The wearabl e system of
claim 65 wherein the actuators are el ectromagnetic
notors. 71. The wearabl e system of claim66 wherein

e actyators are . el ectrqmagneti.c nmotors. ,.72..,.Th
9. il s e Sllanp et £ S R Gr L ot i i pd past one
electro8& &b d Gurf¥Rt iﬂrasran_l_%@@f BABY EHHOBARR AN’ .
PCT/ US2004/ 006864 73. e wearabl e system of claiml1,
wherein the at | east one bias signal inputting nmeans

ri . . . t i
0.  IHRGRGICoRis BLoti 80 PR UANR oG5 1 P BORE one
electrof@iswRatpobéttof dur@hi inya ahgaef prafeniby baweaddieel mA/in’.
vi bration having a desirable anplitude by
mani pul ati ng phase and anplitude of the driving signa
i i . t v/
o1, SheSphatl i) S A s TRl EAB NS il
electrotiaisetoinglosedtafimprirseting rahgast mosteraerabiydietvesado, 0.5 mA/in’.
polymeric gel, a viscoelastic foam a netallic
structural elenent, and a conposite structural
02.  erRBEaAO ystein 8f 1RSS! vHbr&H ek Had\d¥naA Forl@ivedd @6 vibrational
adj ustabl e vi brati on propagation. 75. The wearabl e
actuatogyseanpastd ef enemragoreffegreniciesthith & bandatidtbof greates thantQ Hg to
aboutggkprial conprises at |east one of rigid beads,
fﬁeric gel, a viscoelastic foam a netallic
structural elenent, and a conposite structura
el ement and is arranged in such a way tp effect . .
93.  akhegkeahle sxsten af slam Be.ophgen iﬂlﬁﬁla%ﬂ&n%?%‘ér vingthe vitgpfional
b I . o -
setuat B e B B B b PRl rster
than 0 &ffz taeboatsoNd2 0 optinmize the vibration propagation
characteristics of the platform 76. The wearabl e
systemof claim1l, wherein at |east one bias signa
04. ORSK&rile byster® bPARRANBRLYIréin ShCIBAPS S Foradri vi@hE viitetional
of a predeterm ned algorithm a noise generator, _and
actuatqy i$ eayRpased phpheorfmere deeguenpiqsigitina baralgvlgﬁhgmﬁt preferablypd greater
r ahl em of claim 76, wherein the noise
1hm10§§%8?§?§96§§%%rises at | east one of thermal noise
source, and di ode noi se source. 78. The wearable
system of claim 76, wherein the signal [ at or

en .
95.  phhsvepsablg syseso of claim 19, wherein the bias signal o riving the vibrational

actuator is composed of a mechanical stimulation of greater than 0 lbs/ in® to about 10 Ibs/in’.

96.  The wearable system of claim 95, wherein the bias signal for driving the vibrational
actuator is composed of a mechanical stimulation of more preferably greater than 0 Ibs/in’ to

about 5 Ibs/in’.

97.  The wearable system of claim 96, wherein the bias signal for driving the vibrational

actuator is composed of a mechanical stimulation of greater than 0 Ibs/in” to about 1 Ib/in’.
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determ ni stic random signal driving the at | east one
bi as signal input neans. 79. The wearabl e system of
w@b@i080683 wherein the signal generator provi dBGT/HS2004/006864

signal of a predeterm ned at | east one repetitive

pattern and series of patterns. 80. The wearabl e

system of claim 76, wherein the signal generator

p ' ' c I i | _amkitude,
os. PERLERSR ELARTH Rl COLEALN Rl AR TR B e
stance\WBaO0d/ 208002 Bh3€;Tdnd 32 BRAIIX3GB8Kresibld stThiglane@forkbsory

systemof claim 76, wherein_the controller is adapted
enhanggmens Aiing 2 ganes Phaserng; ta REavids syprastbgesheld; stipwlationgor improving
blood AR a§§ﬁ§§:ﬁ£gect i ndividually controll able

anpl 1t ude, %quency content, waveform shape, and

repetition of the bias signal. 82. The wearabl e system

of, claim.76, wherejn the controller means controls the
9. oth¢ WaEDIC e oL lap dnkhorgihs semifollshncars qoRuBeggans for
detectiigBPesSin@RAErtd R he PRARSM kO aPREIAE 1 vh A BERe Y S31Rdaring

~level so as to effect sensory enhancenent. 83. The

weighiyear abl e system of claim 76, wherein the controller

means controls the at |east one bias signal generator

and the at | east one bias signal input neans to
100. OPBE Ak&able sPst&H I atairh 90 eshiabid thedRitroBer @sadsFuhdr@6iprises

t herapeuti c massage_and i nprovenent of bl ood flow. §4.
powerThagein ey preans oy tpiapings the Fysiem 762 PoWereRseryaion mode when the

: ; Aol s the at | east one bias
ﬁXﬁliﬁ%ggﬁkégggfgggﬁggﬁggﬁhe at | east one bias signa

i nput nmeans to operate alternately at a sub-threshold

| evel and a supra-fhreshold |eve so as to effect .
101. _sih%?f?%fa f ﬁ}ﬁﬂ%‘gﬁ’g ﬁ{a’lm L w ?rglﬁéﬁ% p}@ffﬁgg SeigRIsFydeans for detecting
pressu'rf@{c?%@ OB e QhtrOhPQFhsfth Qg‘fectaﬁaé rﬁ@%géﬁvﬁérf@&] i€ b, it

claim 76, wherein the contro ans control s the at
| east one bias signal generator and the at |east one

bi signal in ans, . and the at .| east one hias
102, B wRh G s B A FER L upER AT S st Rt ramsPappgns for
deternfiBB $ait @PElePRLAsAb phie Be sFsteMImUBY £5d0értons@VRlondhslie during
alternately with another one operating at a

predetgymiped phasesefol Rrefeaatinedsgpitaycieo ef fect sensory
enhancenent, therapeutic nassage and i nprovenent of
bl ood fl ow. 86. The wearabl e system of clai m 10,
103. wiike eearablhaydierafsiagndl fukther eitpeisig 4 pevatredovastmede for
el ectrode i s conposed  of ons or nore frequencies with
hamesging Z1ERgy dYoR B11¢ GYCLeR a8 TN 18 FHBRENE 6 ST n TGO the
harnesB€ette@), abl e system of claim 86, wherein the bias
signal “for driving the at |east one electrode pair is
conposed of one or nore frequencies wth a bandw dth

104. OIth \rvgefu%tr)l% %%@{elgro%% atih 10§,h\«\%]ergn lfge Igo%ve% ?gcuotver% rr+1<e|_a|zn's comprises

converting means for converting mechanical energy into electrical energy.
105.  The wearable system of claim 104, wherein the converting means comprises at least

one of a piezo-electric means, a linear electro-mechanical generator means, hydraulic

generator means, and a electro-active polymer means.
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37 WD 2004/ 080528 PCT/ US2004/ 006864 88. The wearabl e
system of claim87, wherein the bias signal for
waleooiosig2g he at | east one el ectrode i s conposkRCUI/US20041@06864
or nore frequenci es wth a bandw dth of npbst
feraﬁag gre er than 0 Hz to about 1 KHz. 89.
106. TIEFz‘eW@é éﬂ%sfé%% Shasl, Bihgiein the contpalles meansiirthpreontrols the
I
ool o P P (cffecin LA X ) o GpAEhe BifFen Bpgprvation
modepagadriRe d@ectioRtod mutian abthe wapsdbdasyafenc| ai m 89, wherein
the bias signal for driving the at | east one
el ectrode is conposed of a current in a range of
107. P cafable 110
ot G e b e Py ol il fcharging
meangriving the at | east one electrode is conposed of a
current in a range of nost preferably between 0 to 0.5
mVin2. 92. The wearabl e system of claim 19, wherein
108. t e bieasibRisgttam of@lairioy] \ﬁﬁeréltl@hé/ﬂe@ﬁ'&gﬂng'ﬂﬁéans AChUAERkive
is conposed of one or nore frequencieS wth a
coupliggndwi dt h of greater than O Hz to about 1 KHz. 93.
The wear abl e system of claim 92, wherein the bias
signal for driving the vibrational actuator is
109. ¢ (Thpmeﬂbbfsycmtﬁ oficlaimr1 @7 f wiedeia figd @8hatbing nfeaRandinlééthcal socket
nor.e preferably of great than O Hz to about 500 Hz.
for fe%"ln&ﬁ% \Retzie &Oén@ygtpé?ﬁlgmg@ lesiripploenergatie reshargerfhe ppwer source.
signal for driving the vibrational actuator is
conposed of one or nore frequencies wth a bandw dth
110. ndbe W}@ﬁl@bbl’sa{ttbly ofclagm d awvbereint thapo@eHoutoe iabdeist dHOcHz .
wear f claim19, wherein the hias
rechargibtd ity g PGS i st i sl gt e
conposed of a nechanical stinulation of greater than 0O
I bs/ in2 to about 10 Ibs/in2. 96. The wearabl e system
1. ofo@Wéﬁarﬁb%syswﬁe@@lmm Hé, whersinsthg pawverf souragris winmey ablyalisposed
actuator is conposed of a mechani cal
1nthe¥bl@ ?I on of nore preferably greater than 0 | bs/in2
to about 5 Ibs/in2. 97. The wearable systemof claim
9% wherein the hias signal for driving the
112. il B ¥eahigisystepof staip 1 ﬂg wswein dhepaster s0vrse idarated separately
ﬁomtﬁgr%ﬂhl on of greater than O |Ibs/in2 to about 1
i n2 38 WD 2004/ 080528 PCT/ US2004/ 006864 98. The
wear abl e systemof claim 1, wherein the controller
da ted .t stance nd a sw ng

S is dete has
1. CRAC R AR PRt oRih s Hhere R oS ore hohiabiion el eendrator
and the @B&ed]}er means are disposed in the sole of the shoe.

114.  The wearable system of claim 2, wherein the power source, the at least one bias signal

generator, and the control means are disposed on the removable insole insert.

115.  The wearable system of claim 1, further comprising a thermal radiation source

controlled by the control means for providing heating to the foot.

116. The wearable system of claim 115, wherein the thermal radiation source is an infrared

light source.
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enhancenent during a stance phase and to provide
supra-threshold stimulation for inproving blood flow
wa@lenoisigpsas swi ng phase. 99. The wear abl e syst enP@f/Us1084/0n6864
1, wherein the controller means conprises neans for
detecting pressure exerted on the platformso as to )
117. d@h@&f?ar@%lew%@m@é glaiza 1 hevhesrin thestherangl radiatiopesoytee is a heating
filamehPO- The wearabl e system of claim99, wherein the
controller means further conprises power nanagemnent
means for placing the systemin a power conservation
e when the faqot.is not substantially bearin
118 ﬁﬁ@w@ra’%@ £yStomo! glaip ébﬁ%ﬁlgy%oewsa?fg Qg Tcaphr aivtearer to
adjustRaRbIRLAOS ThE BIR SioRAS intRAMS: t1REhd1E taﬁ&fﬁe&%eut@cr fevdly bfone or
exerted on the platformso as to detect at degree
more ¢ftbe fnpottingandsear i ng wei ght. 102. The wear abl e system
of claim1, wherein the controller neans conprises
means for determning gait cycles so as to place the
119. SYA¢ @BadPIEaYstémRPWRIm G ORSBENMRRINEAErAM HoR@r coupling means
predeterm ned phases of a predetermned gait cycle.
for rechggpingrihe pewar svres, dyerfaspmshnscioninierfacifa the lpemtrol means with an

I.Sd r..recovery.. ns_for harnessjn
externgh SR b Thr SRty ey et g o9 CropbBHEF G Veable
systenp anerecsapingehd pawerisbgce.nar nessed energy. 104. The

wear abl e system of claim 103, wherein the power
recovery neans conprises converting neans for

120. CQW@&Q%}BI@ stene Weﬁﬁhog?&?gtgﬂ%lkﬁ&%%ﬁﬁﬁ%ﬁﬁﬁe, ?rﬂate%/gt\ém

105. The arabl e system o aim erern
compmomgierti ng means conprises at |east one of a

i ezo-electric nEans“ dinear electro-nmechanical .
a platfin SR Al Ieest 8 DRy Sieatl PRIt mER S AORDRR hapP iy gigulation to
mech@bREEHOrsaf evkRO! yner neans. 39 WO 2004/ 080528

PCT/ US2004/ 006864 106. The wearabl e system of cl aim
at least one\pies signpl teeeraion adaptadde pravides: duiving signddadrivt Bietahast one

. to switch the power source on and off and
bmssgﬁﬁgﬁmégﬁééglg’pomer conservation node based the

a contetdlee tleh@fod tortillligthe hit 16hxe oMebibakibRal PHERIGr addthe af R@st one
. wearable systemof claim1l1l, wherein the power source
bias siggatdputae mepse it gi ng  neans. 108. The wear abl e
- [ i i,Ng .
s poBIEAED B0 BLBHEAR) MR i o R RN e i
signalgenératof.07, wherein the recharging neans is a
el ectrical socket

121.  The wearable system of claim 120, wherein the platform is an ankle wrap.

122.  The wearable system of claim 120, wherein the platform is a boot.

123.  The wearable system of claim 120, wherein the platform is a sock.

124.  The wearable system of claim 120, wherein the platform is a customized structure

adapted to position a bias signal inputting means in apposition to specific anatomical

structures of the ankle.
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for receiving an electrical connector providing

el ectrical energy to recharge the power source. 110.
wab@4meEesabl e system of claim 1, wherein the pP@EDS2004/006864

source is at |east one of a rechargeable [ithiumion

battery, polymer batterg, gel battery, and nickel _
125. nEhewedrphle isyem of elainr 20, welrein the o Jegseonedtiaciignainprpmeans is
- o . foe s . | . L
posii Qi upinl e BREHSPR TR EEINAD oX o RBIEE g aldligrffurs
tendondher @ustldshssoeni&l wilotheakies | ocat ed separately from
the platform 113. The wearable system of claim1,
wherein the power source, the bias signal generator,
a | di ' .he . :
126. e bRRa6R YA HFLITRI0 Rl RRRTEN: ot e B0 Byl means i
positidried opdheepladanr wesontaeen@t-prlessast pamerdrisa® & tgmaihimize discomfort
enerator, and the cqntrol neans are di sposed t he
to & PAYGRE NG PHEBHETr788 e confach Som AR a1 ¢ B St s o
allow %eaﬂéﬁr?%’ offthe ﬁlgﬁém? R SHNOmBvdoh@k WthohBfidaidnaNoSRb & ortable
controlled by the control neans for providing heating
stress being pkacédon the bhkle. The wear abl e system of cl ai m 115,
wherein the thermal radiation source is an infrared
light source. 40 WD 2004/ 080528 PCT/ US2004/ 006864

127. 1THe wthiebleaadiahlof chih t120) Wheréih dhat 1ddat ovdt8h£4i ndl Mutting
thermal radiation source is a heatlnﬁ filament. 118.

meansTyREIRNSEY st enestleqtiode Placed on 9f neepiheRigemenispiendonsgand muscles
conneg’%h ;t'i{h'e IR g}r] \{i’&es %le\éﬁﬁ:%ﬂtirﬁ?%ﬁoql gﬁ%mtg%}%ng%éﬂt&é A the

€ bras ‘signal, includlng res
anklet herapeutic levels of one or nore of the inputting
means. 119. The wearable systemof claim1, further
conprising external power coupling neans for

128. " §RDAHPR sl EMRPWREMIOYT whereih MLt BEEoNERAS sik@l inputting
interfacing"the control neans wth an external device

meany furthei @grpoised & leaspeneamekatrico slectadd apeitledgn amdman body wearing
i {ogranning the wearable system and recharging the
‘ESYBSEbr source. 120. A wearable system for neurol ogica
stimulation of a human ankle, the system conprising:
a platform having at | east one bias signal inputting
129. nﬁgﬁ gepigblstsggome g}j}gpyl 28, wherginthe atdeast ene electrode comprises at

least (ﬂ%%l%% gﬁgke—glg%lggu?bd!egﬁ ai?]go(fgt?% LRctrBle, hRRS L RRSe Qie@&ode.
si gnal generator adap 0 provide a driving signal
to drive the at |east one
130. The wearable system of claim 120, wherein the at least one bias signal inputting

means is a vibrational actuator providing stimulating vibration to the mechanoreceptors of the
ankle.

131. The wearable system of claim 120, wherein the at least one bias signal inputting
means comprises a combination of at least one vibrational actuator and at least one electrode

pair for a delivery of mechanical and electrical stimulation to the mechanoreceptors of the
ankle.

132. The wearable system of claim 130, wherein the platform comprises a flexible matrix
material enclosing a vibration transmitting structure and at least one of the actuators, , and the

platform is optimized for transmitting vibration to the ankle.
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bi as signal inputting neans; a controller neans for
controlling the at | east one bias signal generator and
W0 bw4agoskeast one bias signal inputting meansPCHO084/006864
power source providing electrical energy to the
controll er neans and the at | east one bias signa
generator. 121. The wearabl e system of clai m 120,
r
155, (B8 SHESPLAbLRNR L0 RO U Aot e JiSote and

signal @elbfﬁlatbr arkZﬁegfﬁfed hs) arhﬁb!nﬁg shas isgyositioned seintoidl Gromnihe pditform
platformis a sock, 124. The wearabl e system of
MﬂisékﬁFﬁﬁﬁﬂgnmﬁﬁéﬁgﬂﬁepﬁgbﬁpatforn1|s a custom zed
structure adapted to position a bias signal inputting
means in apposition to specific anatom cal structures
134. oThds Wwearabik [sgsterd bf ViGin2 0893L/vaR0& R & ePOTIsNS 2001010 GBS 4ecurable
& he wear abl e system of claim 120, wherein the at
aroun %ne bi as signal input neans is positioned such
that the stinulation is applied either singly or
collectively to the liganents, tendons, or nuscles
135. aFhowvianbld syiteth of Nleimnkd.evherds theftmusingas seglablpyantearslade or
other cIa|@ 120, wherein the at |east one bias signal input
TEERE" i s positioned on the platformto contact
non pressure point areas, so as to ninimze disconfort
to a patient wearing the platform and to contact
136. ndhe perrablagysemas cloim LA vheeia thepvess spwoe, dhg eapiroHer, and

s1gna1%§%¥lf1f89ar%fmtte?ﬁte‘allﬁtroftﬁé ng ankl e novenent w t hout

onal nconfor e stress being placed on
the ankle. 127. The mearable systen1of cl ai m 120,

ein he at ast aqne hias sjg n t|n nean
- caﬁwe eéﬁ’s"fﬂ@é’ Clagg 28, s ?laalée Spsbel 'Ein oL gcralar is
pro gridnﬁ@ﬂ@ Rb Pn§e§ RORAS ondPela Ffé@@ﬂeﬁﬁme@ Qlﬁﬂﬁﬁﬁr? qd ntoi)set ﬁerator and a

e that provides el ec cal stimilation to
10drmmmhbd@ngme@nogsbm$smmé. ankl e. 128. The mearable
system of claim 127, wherein the at | east one bias
signal inputting neans further conprises at |east one

138. r eheneneBletlaeho?dRiRN9Y] WikdeidMhecdhudHe: Mgy cveadls (e at least
the system 129, The wear abl e system of claim 128,

one bigh sigailigensratonend e ot leatiene b sialdnpe msens ksongrate plepsib-
a di sposabl e el ectrode,
ﬂn&mgﬁgegﬁﬁggggk%§m§%%.rfog@%&%%%ﬂ The wear abl e syst em of
cl ai m 120, wherein the at | east one bias signa
i%%uttl g
9. e wearable system of claim 137, wherein the controller means controls the at least
one bias signal generator and the at least one bias signal input means to operate at a supra-

threshold level so as to effect therapeutic massage and improvement of blood flow.

140. The wearable system of claim 137, wherein the controller means controls the at least
one bias signal generator and the at least one bias signal input means to operate alternately at
a sub-threshold level and a supra-threshold level, so as to effect sensory enhancement,

therapeutic massage and improvement of blood flow.

141. The wearable system of claim 137, wherein the controller means controls the at least
one bias signal generator and the at least one bias signal input means, and the at least one bias

signal input comprises at least two bias signal input means, one operating at a sub-threshold
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means is a vibrational actuator providing stinmulating
vi bration to the nechanoreceptors of the ankle. 131.
wab@4meEesabl e system of claim 120, wherei n t heP@/UE®ag006864
one bias signal inputting neans conprises a
comi)i nation of at |east one vibrational actuator and
level apd gligmetelywith @petben eneoperssing af asupse-Hueshokklgvels so as to effect

oo ARGl Lk Lol 2 b 0] bRy,

system of claim 130, wherein the platformconprises a
trix [ encl osi ng a_vibration

flLexi bl e terial .
142. 4 hﬁﬁ %’ﬁ?ﬁaﬂéﬁéﬂ%ﬂf claigmd 2 hegeingtaescabtiger meansiipadapted to detect a
¢ r . t : 1 0
R T R R R R R Vo N T oo
enhanp@¢ng§r00g4 61868 6rhasd 381 to Phevidwesupabiheeshy kit stimuddtionl fai improving
blood OO wherein t ower source, the controller, and
ood ol dyrng AR¥ing BasE e i ntegrated into a housing that is
positioned renotely fromthe platform and is
el ectrically connected to the platform 134. The
143. \dhe wepreblepgstenm ofclagnd2fh wisgeinireeominolletoedns weinpysdsgneans for
1.bl e urabl e around an ankle. 135. The
deted&i@g%r&g%ineoﬁgg%%?n&of clai m 133, wherein the housing is
securable onto a shoe or other garnent. 136. The

V\ggr abl e system of ¢l aim 120, wherein_the power _
144. 5 3t wearaplgsyeiemtol slapmarl 43 aipreigitheamtrgHearapeans furdlpes comprises
! DARGEALRL dAL Porl i i i
powe of c%ai m 120, V\% r eiH% @%g%g%ﬂl Iué(g%tm gﬁgwgﬁl@%vgth%%’r%@%hen
the anfglerieneitiomdti®n. pr ogr anmabl e conpri ses at | east one of a
predeterm ned al gorithm a noise generator, and a
| ook-up table for generating a bias signal. 138. The
145. WERE dohiBbIe %548 0¥ klath aR0) Hifein WREEREBIENBe 4R RbMPL R means for
means controls the at |east one bias signal generator
determjningtgat cxeles spastto piase hessystsingmaler 4 pugr avesarsatioo mode during a
| . sub- threshold level so as to effect
predetggﬁlégégmg%%hcenent. 139. The wearable system of claim
137, wherein the controller nmeans controls the at
Igs[:gst one bi as si%ggl 8enerator and the at | east one
bil 4 WerghlgIsYstEB G clia 2l fgrtbgerapasiag: a supr a-

PP e Blascg oSy I BACULAS s

rechargingttberp@fercbaicanfibdvthewherssed ehérgy.cont rol | er nmeans
controls the at |east one bias signal generator and
the at | east one bias signal input neans to operate

147. altheteabtble¥yadém of claim 120, wherein the power source comprises a recharging

146.

means.

148.  The wearable system of claim 120, wherein the power source is located separately

from the platform.

149.  The wearable system of claim 120, wherein the power source, the bias signal

generator, and the controller means are disposed in the sole of the shoe.

150.  The wearable system of claim 120, further comprising adjusting means for a wearer to

adjust the amplitude of the bias signal, including threshold and therapeutic levels.
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a sub-threshold | evel and a supra-threshold I evel, so
as to effect sensory enhancenent, therapeutic massage
wa@na4iospseovenent of blood flow 141. The wear abCEUS2004/006864
system of claim 137, wherein the controller means
controls the at |east one bias signal generator and
the at | east one bias signal input neans, and the at
I [ [ < conpri ses_at least two..
151 T80 A 0010 W SO 55 o 895t LBring means
for reshabpin g thepooletlsobidce/\DtHERE MBAS RS iIMeTAdHM0 46808 868¢hns with an
IE el. apnd alternately wth another one operating at a
externg %?Véc-et F diggpastic, apligiizatiop, eakibrasing ppéprograsening the wearable
terf AR@ Dloihd Lc massage and inprovenent of
Sysebloogﬁﬁﬁgm? %4§$£ﬁﬁg&§garable system of claim 120,
wherein the controller neans is adapted to detect a
st.ance .phase and a sw ng. phase, and to provide
152. ¢ AnVeRTile ATe S PRUIOLASI O OSBRI ehaich Jom et iaheeheie, the system
compfhg:Ng a stance phase and to provide supra-threshold
stimulation for inproving blood flow during a sw ng
a platighadieving aBleastiope hizasigbhlenpyishemeads adhptedrtd4ply whigmelation to
th ntr.oll er means, conprises neans for detecting
nmdugg%ﬁ%%ogﬁnPﬁg%gﬁwﬁgpk 44. The wearabl e systemof ciaim
at least 43¢ bk SigRA] Behditof AdHpEddl th RrovidRAY 'é‘ri\f'iH% 5iBRA1 16 QAPE 1SS least one
. power managenent neans for placing the systemunder in
bias signalJpRittippWeaisvat i on node when the ankle is not in
fel . I of .claim 120, -wherein
o contflck Bitone P pont AR B0l SHEh AT B BBl loh B i iy e
bias sigaaltinoytdheseas; asl t 0 pl ace the system under a power
conservati.on de. during a _predetermned gait cycle.
2 Powel 9 UICREO igiRe A1 ical et BT oaielIamsane gpd Hisrat least ore bias
signalGRARGIEI Ng: a power recovery nmeans for harnessing
energy fromgait cycles and nmeans for recharging the
power source fromthe harnessed energy. 147. The
rabl e system of. cl ai 20,. erei.n the power source
153, BR FReBu R RR Pl o iitn M S R B S SO Toser
ofastgstem of cl aim 120, wherein the power source is
| ocated separately fromthe platform 149. The
' wear abl e system of claim 120, wherein the power
154. SQHL o)l ' " ol..cand the controller
neanQ%%?@E§¥§%§§£§h?ﬁ§§ﬁ§%§%$é%%%ﬂ?ﬁgngﬁge90 50. The
wear abl e system of claim 120, further conprising

adj ust i neans for a wearer to
155. ‘er Weargl%e system of claim 152, wherein the platform is a sock.

156.  The wearable system of claim 152, wherein the platform is a customized structure
adapted to position a bias signal inputting means in apposition to specific anatomical

structures of the foot and ankle.

157.  The wearable system of claim 152, wherein the at least one bias signal input means is
positioned such that the stimulation is applied to at least one surface of the foot and to the

ligaments, tendons, or muscles associated with the ankle.
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adj ust the anplitude of the bias signal, including
threshold and therapeutic |evels. 44 WO 2004/ 080528
weROnA8Be0H4/ 006864 151. The wear abl e syst em oPCT/IUS1003/006864
........ 150, further conprising external power coupling neans
for recharging the power source, interface nmeans for,
158. i Heeeweaahlngystere of elatmn &2, ndwrsin Wietdh leaat onsbiasrsigiial Bipvitog

for diagnostic 23] Lap, Li.brati.
means Bipafts B RGN e SRlp L PR B hepE R RRA B 1y e
mechaROMBEPtSO W Gf- fodehd afikleear abl e system for neurol ogi ca
stimul ation of a human foot and ankle, the system
conprising: a platformhaving at | east one bias signal
[ ' i mulati :
159. | DRI THOTH oPORAL I35 PR 4130 e Rhs Bldel Rputing
meansifuABersogipaikesye hastaderefecapt edctt@leprovitetborna Humen bedy wearing
signal to drive the at | east one bias signal
the sy$tefBut ti ng means; a controller means for controlling
the at | east one bias signal generator and the at
| east one bias signal inputting neans; and a power
160. sThe wearpbloysdemgf elagutl 62, cdleran drapt l¢ast eredizsorigmabirpetting
mean nd the at | east one bias .signal .gener.ator.
means 5 VTR e e B A R R {01 o e e piggeptors of the
foot aitl #KIO570.1 STRe WeirRME Q%rsﬁerh 08 6llafin 508 Bllerei thefat $448Eonelids signal
. The wear abl e system of claim 152, wherein the platform
inputting ngeab® eRMPrises 8 comhmatiene bl least g Whiatipnad pgfuptor g at least one
erei . nl J . . . |
ctecrdfi 3l Pt U8 Bnd G alfa ol WA P e B3 Sl fhanoreceptors
of the Gottandrbaigd. structure adapted to position a bias
signal inputting neans in apposition to specific
anatonical structures of the foot and ankle. 157. The
161. eRL R ELRYSLED Pliafh akbM HrLein %@#ﬁﬂf&gﬁ Hﬁmﬂﬁsek g fRLibR Ratrix
bi'as signal "I nput neans is positioned such that the
materiat emvldsatg @vibiasion prhineitingomaitridlead bt lvag osapf ieacohtorhend the
platolzd Gt AEt T PR GrReonyts SR o054 AsoBaad 1o the ankle
PCT/ US2004/ 006864 158. The wearabl e system of claim
152, wherein the at |east one bias signal inputting
162. n¥hnweeehissysien ddiclamd§h, wrrseialterpewsoratthpeeyiodes and
signaleéeggr% o %1%' intsetgl'a,rtrel& U a?lpoutsﬁgttﬁa% is positioned remotely from the platform

and is electrically connected to the platform.

163. The wearable system of claim 152, wherein the power source, the controller, and

signal generator are integrated into the platform.

164. The wearable system of claim 152, wherein the at least one bias signal generator is
programmable comprises at least one of a predetermined algorithm, a noise generator, and a

look-up table for generating a bias signal.
165. The wearable system of claim 164, wherein the controller means controls the at least

one bias signal generator and the at least one bias signal input means to operate at a sub-

threshold level so as to effect sensory enhancement.
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mechanor eceptors of the foot and ankle. 159. The
wear abl e system of claim 158, wherein the at | east one
whe@g/osisghal i nputting mneans further conpri SeBCHUS2004/006864
| east one reference el ectrode provided on a human body
wearing _the system 160. The wearable system of claim
166. 1 e wrawplei Sﬁst?m@félalmeléét Wb@félnﬁh%&méﬁo@nlamemm’tmlﬁ ghe at least
[ OV|d|n ti
one bR 301 ndtpith AP o 356 B0 Blon B B s 2 Ryl £hore
threshmhikleeel 32 @s tol¢feccrharapbhie Iﬁyﬁh@‘ﬁrﬁfm@)k@eﬁieﬁﬂdﬁ bIEEFISRN
the at | east one bias signal inputting neans
conprises a conbination of at |east one vibrationa
167. aqthH %Qfab@@gst%hdf%ﬁﬁﬁl 184 ewhé?‘eﬁq d 9(91% oﬂ@l{ thedrd¥ cofltrols the at least
del'ivery of “mechani cal anhd elec Frcal atronto
one biak eigne generatoe ambﬂmrasleaﬂfone bins kigatl iapat rﬁéﬂnb & opcbdte alifi@ately at
ar.abl e em of ,\Mmra the platform
a sob RS BRLEu 5 F errirediold 151, pmcie cliecsfos sk gmgement,
therapéuRE AhabsaPe A{BRHIdF RO ofMbEY f1gy. and at | east one of
the actuators, ‘and the platformis optimzed for
transn1tt|ng vibration to surfaces of the foot and to

. {18 S B 080, P B R P8yt g
one bige ﬁlgﬁﬁtg@ﬁeratroﬁ ammﬁh% Gt Rh@@nk Biad senhHShR8ean b 3inditBe at least one bias
positioned renotely fromthe platform and is
Slgnalép@étcpm@aﬁqswt kegtiriwetbéas signal mpuipneans ovna opeBRing The sub-threshold
re h
level %ﬁgﬁa{lt%g{aﬁel ﬁfﬁ% gﬁ{)@gﬁ @ pg}a@lgg at A’\éhgg lthg'%s:}]lefdaggéﬁe soas to effect
sensofyrdnbgmcatedt, ihetapettiempbsaté mdmnpi@fbmeﬁhsfmad ablve system
of claim 152, wherein the at | east one bias signa
generator is programmabl e conprises at |east one of a

169. pTad Qfe@l’fa’ﬂl‘e@?geﬁlo@‘ Qlaih NRY, ﬁhé?&h%%l: Seehat IQFans?%gda@Heﬁl to detect a

| ook-up table for generating a bias signa
stancephapatrider syisg ehasef and taipmvidsubvhvesigild stihelaton farkhsery
enhanggrgglff orgg% A (F)tlgg e{p eﬁaetukgll t§%§év1%%o§1|%rarbﬁgs St nal lg)?le ora 1In?prrov1ng
blooddloer @irgatswingplitset hr eshol d | evel so as to effect

sensory enhancenent. 46 WO 2004/ 080528

PCT/ US2004/ 006864 166. The wearabl e systen1of cl ai m

170. 16fe wORGHRIS gstérﬁ%f CRh rlgb ! Meréfﬁ%sco%ggtlﬁ z%ntshzgmgapses Jaeans for

| east one bias signal generator an
detectbiggsessigrakbrtédypy br meéios of, chogerfaire at a supra-

threshold I evel so as to effect therapeutic massage

and i nprovenent of blood flow 167. The wearabl e

171. SY&é %Iﬁf)le %&ﬁérﬁ‘o% CrhimWhe I Bhdieih Bi% &%%P&J th&fns TR co1alprlses

controls the at | east one bias signal generator an
powen hanagementandans fie phicing the gysédm unghartin apawsr ¢ansepetiat e
alternately at

172.  The wearable system of claim 152, wherein the controller means comprises means for
determining gait cycles so as to place the system under a power conservation mode during a

predetermined gait cycle.
173.  The wearable system of claim 152, further comprising:

a power recovery means for harnessing energy from gait cycles and means for

recharging the power source from the harnessed energy.
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a sub-threshold | evel and a supra-threshold I evel, so

as to effect sensory enhancenent, therapeutic nassage
wapa4iosnseovenent of bl ood flow 168. The wear abtBUS2004/006864

system of claim 164, wherein the controller neans

controls the at |east one bias signal generator and

the at | east one bias signal input neans, and the at

least o bi as ignal .4 nput .conpr.i at_|
174. b eswgqr%ﬁ%f;ys?% af Cl%é%LSSjg V‘glﬁreel%glg rcgflﬁ??%er él%eagg ﬁlsrghe} Uhtrol the
power Sbicé Iy SRl pdwersbu@Ben ahd effhal & ¥ ¥itivitedddichesnseRation
operating at a supra-threshold level, so as to effect
mode baspd theyleteshemebmetien ofithe vapebleisystelssage and
‘ i mprovenent of blood flow 169. The wearabl e system of
clai m 152, wherein the controller neans is adapted to
175. defiewtarable Systoig of glhias £57 mtheteis ety wehsaece @mtbrises a recharging
provi de sub-threshold stinulation for sensory
meanSenhancenent during a stance phase and to provide
supra-threshold stinmulation for inproving blood flow
during a swing phase. 170. The wearabl e system of
176. cTla wedrside sydtem ef clainh &52 oviterah therpomea seurcoispodasslseparately
& tge%h% for detecting pressure exerted on, or notion
om ta¢ Platiyan. | at f orm 171. The wear abl e system of clai m
170, wherein the controller neans further conprises

power managenent neans for placing the system under in
177. aThowesraldesywen af tloim 112%wheTaie thegmwivesh beurss; shahippsignal
| ai 52 rein the.controll.er rises
senerdor2 il g pontIEE sk 18 GEMA R o PR M S8R L) 2ce ¢ ne
system under a power conservation node during a

predeterm ned gait cycle. 173. The wearabl e system of
178. ca¢ wearsble sysiets 196 Flat hp-i f4itipg comPHERE AdIUEing BFNS i W earer to

. f i i
adjust ﬁ@f’cﬂ&?@f}tﬁgbgtg \%g?é‘l, lanﬁmn%athfeslﬁMﬁ g&gm@& ggegcgle%lg.or

recharging t source fromt arn ener gy.
47 WO 2004/ 080528 PCT/ US2004/ 006864 174. The wearabl e

T VR I LR N T R IR T —

for re Y SEME PoRBLs R de, RRGFAO nRBnPt intSFLiMMOMB Control means with an
conservation node based the detection of notion of

externphdevigsdpadipgnosiie optimizersn, clbrajiea padbprwoseyyniastes wearablm
er ei rhﬁté]e Quer. source conprises a recharging

152
syste%c}lge\.égafglg.g oWwer SOLI

Wear abre system of claim 152, wherein
the power source is |located separately fromthe
platform 177. The wearabl e system of c]aim 152,

180. whAewsien: foneptBiziie negipiegacal stipulstign, comprising:

a platform having at least one bias signal inputting means adapted to apply a
stimulation to a skin surface area of a test subject;
at least one bias signal generator adapted to provide a driving signal to drive the at least one
bias signal inputting means;
a controller means for controlling the at least one bias signal generator and the at least one
bias signal inputting means;
a remote external computer for effecting the control of the controller means during an
optimization procedure;
a communication means between the remote external computer and the controller; and
a measurement means for measuring the responses of the test subject as stimulation is

adjusted,
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generator, and the controller nmeans are di sposed in
the sole of the shoe. 178. The wearabl e system of
W@b@isiss2®, further conprising adjusting nmeansPEDUSHE04/006864
wearer to adjust the anplitude of the bias signal,
i ncluding threshold and therapeutic |levels. 179. The
wherejnethe imhade sxtsmeheatpuiérds adapt to compivakcageowbi thei oggtroller to effect

. external . po COuUpl | . echarain he, .
vy S S BF SOUPI A3 TN e FERAEL bt rsponss
from £BjecPin CORABSWIth tHe pdtforexdnd eRedutielg ipgeschibed @hlogeebdtdreed and
opti m zation, calibrating and programm ng the wearabl e
meas%@;‘ﬂst em and rechargi ng the power source. 180. A system
C . s .
wherelfthe PBhAP L RRe S AR Florthlo e BBy uiRETRIA hiicech
suitablegfonthe adaspitddsddonapp blyseavedstiponsea toif dre dubjeat. ski n
surface area of a test subject; at |east one bias
signal generator adapted to provide a driving signa
181. t?hggﬂsYéfh b Gaidd H(ﬁ Ftered e r@hER eRiedRboinPRiE LdfiGunicates
means; a controller neans for controlling the at |east
optimarbeastyigosl pirgmefersge neveatabie sysnt foe nedrologami stomelatidyi. as
signal inputting neans; a renote external conputer for
effecting the control of the controller nmeans during
182. aThe QRENTHZEAP TR ACRAMIIS rerflote QRBHRHI ¢aib@ter §BRaAShias signal
between the renote external conputer and the
parametsrtt todest based gndespansee o6 thespeiet. means for measuring the
responses of the test subject as stinulationis
adj usted, 48 WD 2004/ 080528 PCT/ US2004/ 006864 wherein
183. t ITRe sy&ram 6f exiet 3t wheasmpthe laticemadapies hearsasptovideate
. with the controller to effect wvarying bias signals
stimuli gk el ada pigs sighpldo &ie ubigst one bias signal inputting
nmeans, while responses froma subject in contact with
the platformand executing a prescribed task are
184. obbesystan ahdaimmbdl whedkin thieeeredte ckivenal enmpetec copprises miegns for

. adapted to determ ne the optinal bias. signal .
receivig dadhTteording SyPPRH GOPghe SRS it ek Disa s npliftk
observed responses of the subject. 181. The system of

cl aim 180, wherein the renote external conputer
185. cdhersrsteraobdaing b§3, vdierdin e remgisaktopap spmputes cquapréses means for

.wear abl e system for -ne (WeTe]| |yl at i
rece R r RIS HORHAP LRy LA B i lsed i callien
stimuk@Eppliedr sel ects bias signal paraneters to test based
on responses of the subject. : :
186.  The system of claim 180, wherein the remote external computer is adapted to
communicate with the controller means to effect the generation of a bias signal of a

predetermined one or more frequencies, amplitude, repetition, waveform shape, and pattern.

187. The system of claim 180, wherein the communication means is comprised of at least
one of a wired or optical serial communication link, a wired or optical parallel
communication link, a wireless RF communication link, and a wireless optical

communication link,

188. The system of claim 184, wherein the means for receiving subject responses is a

wired means.
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183. The system of claim 180, wherein the platform

conprises neans to provide test stinmuli as well as a
whem@g/osisghal to the subject. 184. The system oPCTIUSI003/006864

180, wherein the renote external conputer conprises

means for receiving and recording responses fromthe

subj ect for each bias signal applied. 185. The system

0 ' - bt re ext er.nal .conputer .
189. 2 ThEL 85 il L Srdr e ROHRS Son et B i TR b s s
wireldss meadshe subj ect for each bias signal used and each
test stinulus applied. 186. The system of cl ai m 180,
wherein the renote external conputer is adapted to
190. C k ' 0 t the .
qoner b Pl Ind WAt SRR Kl 1 cdsiupate
with theeatriollentogendirets a testptimtilatien direped attd spocifivaviehior Bhd hence a
.Shape, and pattern. 187. The system of cl aim 180,
speci f3REh 50 P QoTAEATLEEISR Mebve FebeRisprAEHYoRe Bsponse of the
subjedt 8AREord D Endddj@tib i€ HmRidnGah b8 &ldagko SHTHLE g&%ﬁﬁ%ce.
link, a wired or optical parallel communication [in
a wreless RF conmuni cation Iink, and a wirel ess

' jcati .li,nk. 188. Th t f clal
191. 284 e SPTRHRLEE HR8in BB i Romh e BbER Fouficos
respons8s Bom\hé Qfbjdeepdtfornh®s M&e@&%ﬁ@ﬁs@@%ﬁwﬁ@e{tﬁ@%’(&faﬁé?gﬁé@ﬁ

189. The system of claim 184, wherein the neans
receiving subject responses is a wreless neans. 190.

192. Th - . n the remte c uter ..
"SS5S o L2 ea O e 5 LGB PR o
gpreiditgea wedrelsie phitform hatingondof Botedbuddes af SRRElafidE at least one
act uat or agz hence a specific reaion so as to_ _observe

signal ZeRCTARRCIHPL 8 EhA reed ats sl siipeladiny 2 sRatiollspionse
contrdMind tﬁlg si éltgeﬁ&ﬁto%g,nfrlrgg)g(f%g gl&%ﬂgso%gée%{ E?Vgérr?‘rlgntg% .corfg)_ll_l.er;

stinmul ati on can timze pe

selectiNga lexed peformfof stimiiatio84ndwher ei n the renpte conputer
I s.adapted to neasure esponses.fromthe subject
ol (R sspr B0 FIoF and PRB B RIS cHed Ry aleicporg sources
of stin@dhtion to k@Rwlafs HEEHARGkeE&Ptord bR Bt @i RAldABEAutic need of an
. .. .Stinmulation in a wearable system conprising:
indivigabyi di ng a wearabl e pl atform having one or nore
sources of stinulation, at |east one signal generator
coupled to the one or nore sources of stinmulation, a
193. c®h¢ method mncdoading eodibinol 92, vhetdie sdédingla lg@N of & of sBAfllation

| f ing th troller:
comprlioh GEF PGS aInE 0 SRASHILALGT HHeBROIG A5 P EenOn ahfhe arca to receive

stimulation.

194.  The method according to claim 192, wherein selecting a level or form of stimulation
comprises adjusting or programming the controller to control the bias signal generator to
produce a therapeutic level relative to the measured threshold level and according to a

therapeutic need of an individual.
195.  The method according to claim 194, wherein adjusting or programming the controller

to control the bias signal generator to produce a sensory enhancement bias signal comprises

setting the bias signal to a subthreshold level.
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activating the signal generator and supplying a bias
signal to the one or nore sources of stinulation to

wa@rioasEee mechanoreceptors based on a det er m PEHUS2004/006864
t herapeutic need of an individual. 193. The net hod

according to claim 192, wherein selecting a |evel or
196. t ghermsthostaceartimgito nlaing d A rwlsesn the sibthreshsldrieve isabout 5 to 50%

individual s rreshol d.l evel. of sepnsation. in ar ea
below B Bl nfesp TP v Sl en 3% RiBieoa bt s oG rethe
measteédihiesh9id,lewdner ei n sel ecting a | evel or form of
stinmulation conprises adjusting or programmng the
controller to control the bias signal generator to
p ic | relative to.the neasured .
197. PTRGHERR PAGLPRLY Mol Y Thr S B ok B e T o e

controder @rcontrdl the #italsigndlGfenerhive tdrplodoct G fRAtEIcRIbId Rvel BhdRignal for
194, &?grein adjusting or. progrannin%»the controller

the puiRpses: theypPEUtis Daseaging gddmpgrsieg Bleed Tlew. pr oduce a
sensory enhancenent bias signal conprises setting the
bias signal to a subthreshold [evel. 50 WD 2004/ 080528

198. PCi¢ tusd0d4caadidg4o clhBb 197 vehersih battng deanglittige bias sikadl 1o

I L ERTEE T TN W

50 \ESTE: BRI d
© (?%JE?% 197.ag é?mﬂ%?%%%pﬁﬁggﬁgﬁﬁgato c#%?%¥%g%$§$g#ther

conprising adjusting or programring the controller to

c i signa eneratqgr to produce.a
199. < BB Il dBet iR A0 LS o SURIETA e B S isbed teel
compttides irfueitg Lonhdsidgadgene thephOVl MerddclRebré bﬁi/\i?r_oél%%sively
The nmet hod according to claim197, wherein setting the

increasing the sompfitpgee the ansicna unglay iadividuehweeringshe platform detects

HmulGRORA-SE $h ti. ' ias signal of 10%to
SlmulOOO% pré?g}égﬁgnégggkggﬂéﬂgbb nore preferably 20%to

100% above the determ ned sensory threshold. 199. The
hod ,agcordi.ng to cl aj 93, erein the asuring
200 g? ﬁ%“?ﬂ?ééﬁmf@ng & gpiin Sinsitesia hempemstingoks Rrahelgicve
comprited Snphitt & mhQnlaSiaQEn A o MHRIBe BF hoR &Ut@at@@ dnd p ogressively
progressively increasing the anplitude o {he’bias

decreasingrib¢ amplitofe efthe hits vigdelaintiheamidmgdudheveptizg fhemphatform no longer
iyl ations fromthe one or nore of the
detem%%%rg%%%?nss%%%%g Oﬁgloﬁ%%%% %%t%ﬁoﬁg to claim193,
wherein the neasuring of a threshold |level conprises
[ a mexi mal bias signal to the one or nore

I nputtin ! ! ; .
201. 3 g%@@%lpg agtadipe sy plags | Yemherae Breaneiswing oies trashold des]
compr@sfes b '&%clghggro%bcgﬂé 'wh%t‘t}ekin‘? Qvifhrhdljnmilgﬁﬁér %ﬁpgg&aﬁl fnd makes
platform | onger
incremental changes towards the final threshold based on an individual’s response.

202.  The method according to claim 193, wherein the measuring of a threshold level

comprises monitoring activity of sensory neurons emanating from the test area.

203.  The method according to claim 193, wherein the measuring of threshold comprises

monitoring brain function using tools such as EEG, fMRI, etc.

204.  The method according to claim 192, wherein selecting a level or form of stimulation

comprises first determining an optimal level of stimulation.
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detects stinulations fromthe one or nore of the
actuators. 201. The nethod according to claim 193,
wob@reses2g he nmeasuring of a threshold | evel cRPEPUSREE006864

a tracking procedure which begins with a mniml or

maxi mal signal and makes increnental changes t owar ds

the final threshold based on an i ndi vi dual ' s response.
205, 2ffemdiiSs SRbRATE AGALU NI hGf A1 rrpgﬁw&h&ff% b o Bmulation

neasuring o res I'ses nonitoring

compriaed ddyustiyig of pmgmmnmgnmwmllarta ﬁtahﬂrdilghé biagsighsl deagttor to
203 Th met hod accaqrdjng tao cl a m 193, wherein
Pmducteﬁéﬁ flfﬁ’ﬁ tsfativg F‘égﬁ@ﬂ’ﬁmé‘{) eli Qé?égm“ iAPt ori ng brain
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