;e3e\pn6TEr | ' - WO 092795 PCT/ US03/ 13854 A WGD AND APPARATUS FOR
ENHANCI NG NEURCPHI SI OL C PERFORVANCE RELATED U. S. PLI CATI ON DATA Thi s
appl i cat iv90 0B8927980n- provi si onal application of U S. proviBRCDHS3/1p83£nt
application No. 60/377,202. BACKGROUND OF THE | NVENTION Field of the

I nvention [0001J This invention relates to nmethods and apparatus for
enhanci ng neur ophysi ol ogi ¢ performance, such as sensorinotor control and

neur opl asticit by conbi ni ng i nproved function of sensory cells with
br o- dof | ned ANUELHODANDABBARA FUS FOR-ENHANCING: i pti on of
Rel ated Art [00Q f ' | ex set of
-interrel ated andNﬁWeﬁgFm@Lgmmmg‘%pare cat egori zed
and nanmed both by their anatom c positions and by their function. At the
hi ghest |evel, the nerggys: 8 APPEICA @ND gentral and peripheral
nervous systens. The c VAL ( s conprised of the brain
and spinal cord; the peripheral nervous system (PNS) subsunes all the
remai ni ng peural,.structures found outside t S. The PNS is further
v ded ol PR A e man SRk aPe R e Al Hoxiprgl peisB amplioanon
(i nvalsirgoma)202er vous systens. The PNS can al so be described structurally
as being conprised of afferent -(sensory) nerves, which carry information
toward the CNS, and efferent (notor) nerves, which carry commands away from
the CNS. [0003] Intercgnnectians hetween,a 1qmd efferent nerves are
found in the spinal coFg—ahgorarn—taker togetnet-- certain groupi ngs of
af f ergisld ofinke kiveatiemt nerves constitute sensorinotor "l oops" that are
required to achi eve coordi nated novenents in the face of perturbations from
the envi [eourpnt THE: CRAVBARA iBlakR! itbi GHAtholH! @Ad - appurhtl8 HBEI RARdnkidd NNk,
- upper extremties, and |ower extremties), afferent nerves carry sensory
i nf or mat NEWORRYsiPlegic performanes;, such @ssensorithetor spatreleand newtoplastiaty, by
t enper at : . 7 3 4 i St [ such
as | ouch “agiries inkpified Rl Spebicly (b PR A Bk FEGHAR' i had Wi

of certain devices.

Description of Related Art

[0002] The nervous system of mammals is a complex set of interrelated and
interacting sub-systems. The sub-systems are categorized and named both by their
anatomic positions and by their function. At the highest level, the nervous system is
divided into central and peripheral nervous systems. The central nervous system (CNS)
is comprised of the brain and spinal cord; the peripheral nervous system (PNS)
subsumes all the remaining neural structures found outside the CNS. The PNS is further
divided functionally into the somatic (voluntary) and autonomic (involuntary) nervous
systems. The PNS can also be described structurally as being comprised of afferent
(sensory) nerves, which carry information toward the CNS, and efferent (motor) nerves,

which carry commands away from the CNS.

[0003] Interconnections between afferent and efferent nerves are found in the spinal
cord and brain. Taken together, certain groupings of afferent and efferent nerves
constitute sensorimotor “loops” that are required to achieve coordinated movements in
the face of perturbations from the environment and changes in volitional intent. In the
periphery (trunk, upper extremities, and lower extremities), afferent nerves carry

sensory information arising from special neurons that are sensitive to pain, temperature,




force, and stretch of er structures such as nu es, tendons,

| i ganments, and joint c | e. The term "propriocept™8n" generally applies
to sensorwo@foerrati on directly relevant to linb position penggesisgsguscl e
contraction. Conbined w t h tacti |l e (touch) sensation, mechanical sensory

el RBP4 SRS e R A tﬁ%ﬁéﬁ"“d
i nt er act fpdk, Wnd téeh® &fndéesa&nmhnwfs&heéseﬁtuwealteﬁdcﬁ@ahsaxﬁmts ejoRat

transmitted and interpreted by the nervous system Paci ni an cor puscles in
t he ski ncﬁnsule The rtprpm@rmoepmon’é Igepereldy iappliesvies s¢r50&pmfcnne%t101t igsdly

t | et al h h of
the_sur rBIaRG Hbabstosieate tudmuntis FouRaon Cambe b Fadle TBHERF .\t e
tendon. &n8RioAeMERh&RH SeSohy infiridaGibi{sQDlIRUti ey REGWHS ad WoRlaoddnsaipREN! S,

meni scus, etc.) provide addi'tional information about joint position. Sorre
of these mechanorece{)tor systens are thought to interact directly via

exci t at ol0f04hd iSneci eshunpreseptarineyeensclivisAucemerhamjenl t%‘%d@?ﬁt e the
f t t f | s_,f
C Vst ens. BEoBREYS SFEBHPE Al iy ORGP SLial SR B B e

units. Thadsnifted ahd int&i‘f;fe‘tédw 6 nkfvrods SRteRBaciifdd corpusefesiin thé Skin fisnin
magni tude, the cell wi not activate and be%l n signaling. gSlﬁCh a s i mul us

is call cEesPansettRr toseh | RTessuye. JMpsale spindies: foundapderepersed sk Eﬂldmtsg €al | ed
h 6
"suprat {1§s§Q°te§8rtpe“ LtafCOP Gt dHOBE thy %oﬁ]ngﬁg Géc‘f@’?ol%i’%ﬂﬂnb&

spi nal eral ‘nerves-are angeabl eI n the face of
demands pdmaedhk bevel lof fbmlym the weridomrFreaf nmeiem'dings ipatioctuoes surrouwnding

acaui 5 LI (RERBGR b EREs, S Piovide peise sEBrRae ARLBICLLR g

Fol | oW ngofmerdfahése! 1OGRnOecftdr systehisifte tRbughY td htéract dirdcdyCvial ext:ﬂfef!oﬁt erior
cruciate ligament of the knee, & structure known to be rich in

mechanor ardprlsbisyry synapseshauwtdessendingipatiwasist tor modulate thes peTiogempe U8R t o
repair th he nexvou can conpensatory changes to
accom"mdartergf ﬁt%oosftsm%?i%% é}eﬁ%ﬁcﬁ' é’h& &Qggur Ofis. Similar PNS and CNS

nervous system changes account for sone individual's ability to regain |ost
not or f ufl0Spn fSersomyi edlssofi dllatypes axbrtppiaall)nﬂ-mesheki-bﬁa&mmts.o'@hatherif thérese

structural changes in the npervous stens are.,te opl st cit or
"neur opl SEEps %aﬁt&’é?@r)?ce 18 ‘3%%?2 égg/cd]égrg ‘0‘86%] ‘%t

researchy, ﬁ%faﬁﬁ% Sheda bpatngfd é‘dl?eﬂt“s&ﬁﬁfé%ﬁélbl) Actinaldsthbe 18 tﬂaee Beé i phery
is one of tThe key drivers of neuroplastic changes in the nervous system

both in tireshoSsaatledi@prites®]ld.-The present invention focuses on nechani cal
sensory neurons in the periphery and the role they play, speC|f|caIIy I n
sensor i co oy | ag | ous
Syarom o0t "C"EecRhs Wi BSOS Bl RATCGD, | pRERIDLS
per f or rranemres#—a:erhigh]}ehlahg%taﬂ itiye faeé bdemhartdsphaced ormltd“hrdb' aresv fappsofit us to

achi eve | ove s |n SEensorj noj o nt.r eur o tici .
| npor t anff tll?é e E?F@g ae'&ﬁvp g‘F ﬁ‘é:ﬁ}céfatlgef hat
the ”atuﬁﬂt)wffof'ﬂﬁga[:@& iof crfen%ap ﬁléa@ sRil4 %%}B@&E%mfédl Hbtor ﬁggilixg’eased

in an information-ri shlon I's, the i ncreased sensory firing
i s concoFdHowingi cmmnnﬁypeamétspﬁnnmd injury (e.g. rupture of the anterior cruciate

ligament of the knee, a structure known to be rich in mechanoreceptors), and subsequent

medical efforts such as surgery used to repair the damage, the nervous system can
undergo compensatory changes to accommodate for loss of the natural sensory neurons.
Similar PNS and CNS nervous system changes account for some individual’s ability to
regain lost motor function following spinal or brain injuries. Taken together, these
structural changes in the nervous systems are termed “neuroplasticity” or “neuroplastic

changes.”



stinulation of tissue h been used for various th peuti c purposes

i ncludin timulating nmuscle activity, relieving palh, and cin

sensat i ogyaw@gé‘%uence of effects produced by electrical F i’%#’é}ﬁsgn, as
its intensity is increased, generally follows a pattern of a perception of
an el ectjppgpl SReG&: irestafchUBss astablishel itieg) affaenti (sensonpe activite fioat then,

fascicul'ation nuscle contraction, pain, and then,ia{eury in the fgrﬁ'} of
el ect r i qeripheryns oae of thedkendriversrafineriontastic ghanges i the STy SYSiH, 8

el ectrical far avi ng an adj ustable pul se duration, intensity and
pul se W’Btﬂhemﬁggg Sg’i\ﬁhappl ied to a particular area of the human body for

hence is not gratuitousgr uncoordinated in nature. L'OOOQ] El ectri cal

"t herapeuti c purposes to suppress pain. Electrical waveformtherapy, such as

that di sobesjed TheUpserftainvBiitioho foduséhS 6n7 aechmii s sepsoryetneatanshias theen used
for synptomatic relief and nmanagengnt_ of, chronjc,eggﬁst ur ii cal ,and
t

post t r aupREphery ang; the selerthey) alayospeciigaldy. i senermot rinFpducinE,

ret ar datj -at o] i ubat i r L Of: i.e.
St hr ostarien SRR i B byl GHERL 18 PR S Rt i 5 1
descr i beglethodd bSimpleviagt thélpetiefnbe FBRABE3ua sensdry) 8dlsOwithtrovebethads t he
entire contents of which are incorporated by reference. Collin tldiscl oses a
met hod =474 NFEATES &R aFkieve MBPOYFRENE iR SFG?P&P?}HI B?Mn%‘r 9"‘88?{%% Gy

Srfect! VildbrlafP! {HA0hdli2! &1 B iARANEH sBhsoky (cellperfBihideyis thab Wi iit@ratol d

stinmulati or'™bias signa s input to the sensory neuron that
pr edi spofigsg tite ineresponsedof énvirogmentiak stirouli distinereased diayan ipformatip-riche. | n

ferred di rent, the bi ' i
PCT/ b 157 SBTA il e AON SR ST 5 SRR o B A Bklon amd.

© " Noi se. "heplch fhot YRSATtYusCstunSodated M fathtey t hreshol d-based units, |owering

the sensory cell threshold decreases the | evel of outside stimulus needed

to cause the sensory cell to respond (i,e. fire). Thus, the nsory. cell,
in the pl98%hce Hectrind stimylatipynefl tisjus Bapdeerdised Fors ¥ameps ?@Reﬂéf’us '

| nt ensi {hegoled Mk LRI fusRf EARR), dehibipih Rlking skisgisieur on i n

the abse nor se. ectrica mechani cal nodalities of bias
si gnal , Whesequenieofiefitdty produded tyositrtriced istimulatiay, dsditainsensity isirceased,he

| owering of sensary neuron detection threshold. SUVVARY T%-IJ! | ON
[0012] I&° y&?’ﬁf’%@c{a BAISEP RF{C%"&RT gf%t_"g\alr'?glﬂ\%{oﬁanégzcg h ané}}%\{ ’
Sensor i Maj fHerdaSé iR 'seRNESn, fAsdcilatingshscle BprittAtiog pait]Uinidi thgn dhjutysiastheone
bias signal to at |east one sensory cell area of a subject while the

subj ect fammpfelestrcal pumsr sardiaci andythsHgsi cal activity which utilizes
sensory cells within the sensory cell area and which are involved in the

sensor i m@m Ferlﬁ%%'a&?g%lgedsﬂ%&?m%ggforﬁ hating lah laOfhstabee ﬁﬂ@@ derhtgha) i n

accorda h this*ne unction of the sensory cells is inproved.
I n conbi ixtérsitp and tpulsehwidtc hhvedsden\appljed tormpartiontanarea pf theshuman hedyofor

perfonnance result. Enhancenents effegcfuated usi t h 0

present B?‘F?é’ﬁ?‘?‘b@u,rpi’??él {90 8UPPFESF R *egg—lﬁaﬂp‘?’%v\?g 121?85 §tg |h] ifist ?/ﬂgt

i mpr oved g@giobed DT OVEAeR NABUR7, 75016 Bastir,rtabrhaks daemusg, forrsymptopraticed
motor skill. [0013] The bias signal applied to the subject maé ggﬁg(l)at ed in

r esponse relisf andrmanagsmephof chramicy post swigicahaad pesiirapmais geute Hody
segnent of hect .duri e —.def | ysical activity. The
physi cal n\)/dél%léagt’)!?ie&:lg%%qaéﬁ{’ﬁ;gngbor&%%glgg,olfgﬁgg ure, position, angle,

vel ocity, and acceleration. The bias signal may al so be nodul ated in
synchr onyoosi] h tStémmilationcelove perveption leyels| (peasybtietshoid stimptationhused, 1Q he

di <l aconRamRCE e fbDsHAR ks sas feapstn Y- St inBed SoE4ER nd

* frequency dsétowgg%g@ﬂgﬁg;;ﬁéémﬁé 8¥abits bSwRIcR!#¢ aRbiporitédbréfefencatlling about

0 Hz to abou e current density of eléctrical signals_is

pr ef er abldjsclosest Aerrethuk aof apparatus 1fopAtripnoving the dunctionoof jsemsers 2ellsrRy
(1 eavency 0l eIk ety 68l LA of B BRI ¥ abbRot"Sekfihith, Obr 200U
“bias signal,” is input to the sensory neuron that predisposes the neuron to firing,

without actually causing it to fire. In one preferred embodiment, the bias signal is a




yet anot her enbodi nment ovided is a systemfor e nci ng sensori not or

per f orman gyubj e The systemis preferably conpris g‘iﬂ' rabI e
devi ce ang'%dgll?nal generator. At |east one repositionabl eﬁgﬁ ﬁ?

secured to the wearabl e device. The signal generator is conmuni catlvel y
coupl ed Yroadband ssi gnuhcontajiifig ey cleeqmankies) o fimte termed Sneise S RBinee ,SEREOEY gnal
processor and a.c ol e Slg ener at or tlonable and
r ennvabl%?léta{ea'@ﬁ’ di'{eﬁéoei@é?egﬂ?”étsdg\weeg‘g t%ﬁée%ﬁ‘)&hﬁ 1 &IS%'@E@ Sincl ude
a cal i brigt iR oPcilife LRkl 10 AdiE 1Y Sthsdiydefio REPOHPAL. wetmssu gnal
processor. The wearable HeV|ce pre erab y f bly presses the SI nal i nput
devi ce tthetsbsosyibglbch'the pkdsmaewffthcblas'ﬁognaﬂuls expeited toerespenda b wsce is
preferably constructed fr r et chabl ri materi al s rtherrmre
the sigri#l enﬁlﬁsﬁﬂwawpg’en %VEEPPP% i a'FFéﬁ‘?Sleom? ?%0%"9?]&% FBK&r at or .
The mea Qﬁse""@o‘iﬁ‘ c§1 eé}- ﬁ%&ﬁlﬁ?es'o?lﬁh@ﬁgﬁdlcaéehﬁn&ﬁﬁdlﬁw of is
preferably housed wt hereby protected by, the structure of the
wear abl andemnbmat:{)mom’éy ‘tbm uadbltct iefifect the dpwenmg @mmmu@@np@@twnance

| nprove tﬁ n neuroplasticity and an increase in growh hornone

product i A be achi eved usi ng the nmethod and apparatus of the present

i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] FIG 1 is a flow chart
of a method for enhancing the function of a sensory cell; [0017] FIG 2 is
a flow chart of a met hod -Jn!.lz‘-,_L QF BTHE ENVENVMON [0018)] FIG 3 is a flow

chart of d of en a b|
schemat i E‘ﬁ&gﬁ. T SrPTEF": %ﬁ‘n&rp g%%q%gmt Y ﬁéﬁg?néﬂrégs 7 a@%{nbgory
cell; [OQ&QahnEh@mSé\ sSEﬁdc{ bmpﬁs@hge&xpaﬁu@/sﬁ Eastf(ﬁre sahsignalng skelesd oinedt or

- performance; [0021 Is ilJustrates a signal gener t he present
i nvent i ofPnSQRyOEH me avsmhmﬁé’fhlkt@g sikisch i Bﬂ%@'ﬂl’é §adsﬁé‘e§ PB%EEHent of

the pr esgﬁy&g%ﬁ@ﬁ h& &%Jé céﬂs%ltlﬁﬁ‘iﬁeesédsbf&;%égaﬁfr& HREHRRhardeNbRd 25

anot her I ment sent 1 nvention 0024] FIG 9 illustrates
a signalin ﬂmkerr&emnnﬁo:obeﬂfdsmqnceﬁerﬁe enhemced.oBy Bputting the bias signal in

accordance with this method the function of the sensory cells is improved. In

Hz -t o about 10,000 Hz. &I 4 , < WO 03/092795 PCRLUS03113854 [0014] In
C!

combination with physical activity, enhancements to sensorimotor performance result.
Enhancements effectuated using the method of the present invention .include, for
example: improved joint stability, improved gait, improved balance, improved motor

learning, and improved motor skill.

[0013] The bias signal applied to the subject may modulated in response to a
measured physical variable measured from at least one body segment of the subject
during the pre-defined physical activity. The physical variable is selected from force,
pressure, position, angle, velocity, and acceleration. The bias signal may also be
niodulated in synchrony with the pre-defined activity. In a preferred embodiment, the
bias signal is a mechanical or an electrical signal. The preferred displacement of

mechanical signals is about 1 pm to about 10 mm. The frequency of the mechanical
signals is preferably within the range of about 0 Hz to about 1000 Hz. The current
density of electrical signals is preferably in the range of about 1 pA/in® to about 1000
pA/inz. The frequency of the electrical signal is preferably within the range of about O
Hz to about 10,000 Hz.




WD-03/ 09279S PCT/ US03/ 1385: ~ DETAI LED DESCRI PTI ON OF . THE PREFERRED
EVMBODI MENTS [ 0025) The ferred enbodi nents of th esent invention

provi de nd system for inproving sensorinotor perfor of
humans, ngnﬂ-%@g&ﬁ%mml s, and non-mamual i an ani mal s, her e‘fﬁ{g{ﬂ?"gﬁgﬁ%} med
"subjects.” Inprovenents in sensorinotor performance are neant to include

i medi at[@024] ac iheeefdofet Smbsdifient providediseckystgnafor enhianicing sepsdsinidtoy, and
nore durable effects as would result frogbineuropl s?i c cagagﬁgfas .én t(?e PNS
or CNS. PEEormargsol &aminct. s sysiemuis Prriers %ﬂ@rsgaa a e PUCE G s of
t he subj S 0\ £ i f 'érBP b dafablpe
effectiva:%g’fﬂo%eé%?%%r' ﬁ%glggr&t%ﬁ?lé ﬁg%gﬂg#lé?ﬁ?@nm, ﬁf%ﬁ{bﬁé’tb?&%j ect engages

in pre- dédvicee The Byghalt génersdri i¥ contmuARatingyicoupledjte thetsigmal wipub devirsapd ef er r ed

method is a preferred apparatus that conprises ljl \M?,Erabl %&devi e and ot her
el ect r oriBEHHRT & ROWED PP BtsiENRHRROCESSON i2RE 2LAMPRVEN L 8% FIERRLLERY " Rans of
del i veri i ' t ]@.é!ﬁ‘ : D Fle i ol Brdeds®r bi as
signal " ‘Qv‘?ﬁﬂaﬁgmt‘?ﬁ%%h‘?geq’!‘n%‘}éﬁlyaﬁgﬁ t P@%J#ﬁ%ﬁ%&%gﬁe% at ?on.tso a
sensory meyringdevaestiBratiel amdtlecfat adjustimg Henbies kighal praduged, bynthesignavef or m

b i odi i odi ¢, . det L nisti, - det ' ti.
Cont ai n BRSSP TR R risegue eTabOp Bc pheStieeh is S Syt ariBaPs g o
the pr ef giefs aphdhaRal fo Ols LRE (1 WR8HbId BUREH fsqicRicblyiagsthuted Goraxanp! e,

to enhance~sensor i motor function in healthy individuals as well as_in
i ndi vi dustretchabeh fatiriosr atemateridiss Eurtbarmanel/ the sighalrinpwt. dedee ésghpsmeallyne

thod and l.d by, heal t hy, i ndi.wi t 1 i Vi N
o 1ot o SEHER tBs fiensi el eiono AP PP Grhich S piEpd, ikt Wil 1e°arn @
anot her gpeaiiehlty ddnRedBd 19 PraadbEy HbasedC Sihih, bendatidrétad piatectediby, dbel s wi t h

- el evated sensory thresholds or other neurol ogical dysfunction, such as

m ght ar pEecttre oithgyvaerablodeviptier al neunpat hies, or strokes. [0027) FIG 1
is a flowchart of a nmethod for enhancing the function of a sensory neuron
accordin onep.€ i i i Ir;m'i,trgpm;e@&, i@ area
associ at ggh\(/g\}the[fnhe%gfeﬂr?gg% igl{gr&b\?hgglgs%ﬁ%oéﬁqﬁﬁpgﬁ{hgebe enhanced and to
whi ch a bewsplastiitt aridsant iacieaseiimgrawth Siofmone podudtion dan baachicyedusingthe

her ei nafter, ref arred to a%s t he i{]ﬁx{" area. Once the input area has been

| ocat ed, MaRPdsng APparats ofithe IR BVERI9% step 104: Then in step 106, the
bias signal is input to the input area so as to effectively |ower the
threshol d of sensory cells with which the input area is associated. 6 Ar
WO 03/ U92795 PCT/ USIBRIERBESGRIPTION OF PHEDRAWINGShart showi ng one
enbodi ne I [ ' e [ @,:# hé t he

i nput ar E%oﬁipegﬁd?i' fﬁigr@“’l@é’r‘?‘%{‘ og’;]a egl%gg%gceﬁ%nsglgtsdelgn oéleJ (%fﬁf\cti(g‘%,is to
be i nproveld and the nethod by which a bias signal nmay be input to sensory

cells as iate Lth the sensory syst Step 202 is a prelimnary step in
whi ch an?&&ﬂti ?F&‘t? 5&%@@?@‘_9@%%’38&&%“‘?%@ ’G‘BWt?ﬁz a particul ar
Sensory y@isE™ VERSE3 {UNfdv Blrt oF 4 MethSd OF Batteaithg alhies digelkt | fi cation schene,
to sone extent, depencfs on the cooperation of the individual ., That is, this
step i s 400N ar FiGadds agehesiatic dnpisdon of atsystemrfor enkanging tbe Jupsion of a
suffering fromany di sease or disorder to be subject to the enhancenent
process @ﬁgn‘fﬁigt ed herein. In one enbodi nent, the sensory system whose
function [062000 bEIGSHANSE Gihiskratesén vptae forsnbindiig femsorimetor perfomiade;hy

di sease. [0029] In an alternative enbodi me&t t he sensor,én.system to be
enhanced P®Wne FHG: 6 isifustratnse simiahgenepator of the presemanventigninn st appropri at e

way of | fjgess! NOFRSDIASHAAL! wifaliDadyia) G S Sabbdiiyeh O Ithe JRisent ned.

The nost “appropriate | pl)u neans depen er of factors’including,
t he tar geéiventios;ory system the nature of the transduction systemfor the

A
2

"t t t th t .of the t t.. t
(o, RS TGS hasiuaimie mermgbls Arvicdy 2 FORMERPONRIN Ok BHRSBNat ur e

of the SiWEOH%ﬁh is to be determned (e.g., the anplitude and frequency
content of the 'signal). Input nmeans that are appropriate in certain

ci rcunst 40024 i nEIGde jllustratess sighgl input dewizans thei presestiinventioner ve cuffs,

i npl anted el ectrodes, surface el ectrodes, nuscle stinulators, tendon
stinulators and nagnetic field stinulators. [0030] Once the nost
appropriate input means is determined in step 204, the input area is
determ ned in step 206. The location of an input area depends on the sane
factors as the deterniination of the nost appropriate input nmeans. The

| ocation of the input area, however, varies for a particular input neans
dependi ng on, anobng other factors, wheéther the target sensory systemis in
any way dysfunctional, the cause and | ocation of any such dysfunctionality,
and the nature of the stinulator to be used. Mre specifically, if a




[0B31J Once the input area is determ ned and the input neans installed, the
bias signal to be inputg@ms generated. FIG 3 shows e enbodi nent of a

nmet hod of generating a s signal. In an initial step 302, the bias signal
is calibrMOQ$/092195t is, an optimal level for the bias si gnRCTIUSIMESBSH N ned.
Dependi ng on the determ nations of steps 204 and 206, there exists a
particular formof bias signal for which the signal detection ability of a
given neuron in the target sensory systemis optinally enhanced. For

exanpl e, aDEBSISEDDBESCRIPTION ORTHEPREFERRED EMBOPIMIENGISYi ned val ues

will give rise to optimal enhancenent. Calibration helps to ensure that
certai n paegnet erfe plefértd dmidirierds af thegpreemtiadentiohprovidedj methed air

achi eve opti mal enhancenent. Exanpl es of signal parangeters of t{}e bi as

si gnal t$ystenyiar igtprewing sersoEmotr PeEppRancs R humang RaRchumasy memmalsy and i a5) |
i ntensit ari - u A i it p LSt in
gener al X‘E’iﬁ g ‘%ﬁ%n“"é‘g@ygé}g’é t?é}*qu\&egnp “.ng%tesz gﬁré?é?%h?%g% g Iogltilb'(tjﬁls of the
enhanc enpérforiiag te dtedticanttyinbRdeinnsdibie Dt @duterdfiects suckns inprdvied dyddneic

enhancenent systemis installed, If calibration is topﬁake gl ace.,wWjil e the
enhanc enioit %%/bél!%‘n?@%mofﬁ@}ﬂhl@ gifeqthaswopldresylbapmaspeopiastic ghanges in

enhance y ' ' he Mt 0 that
cal i br aplﬁgﬁ ?rra@\@en glgecg&%)ﬂ '@s%é@gﬁgénﬁpﬁggﬂg 53?‘55 I(l)]?»ié)] gelngéra}ngalesg@gg}ient ,

t he cal i suldedt oo dstoamprovelthesfuactidnofithgsetsensayy aells bypeffectivelydbwefing thtedr est t o
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the parameter of interest of the bias signal is determ ned. The process can
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devi ce has been calibrated and installed, in one enbodi ment, an input
signal to the neuron is detected. As will be explained in conjunction with

FIG 4, one enbodinent of a system fog enhancing the function of a sensory
neuron includes 9 r WD 03/092795




PCTNSO3/ 1385~t signal detection capabilities, for exanple, a transducer and

signal processor. Thus,@@n step 304, input signals the neuron are
det ected usi n@ t he signal detection capabilities. 37J Once an input
signal i YYYERI®Y in step 304, a bias signal is generat eBCISYE§5406. As

expl ai ned above with respect to the calibration process, the bias signal
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stinmul ated. Such an el ectrode is attached using flexible el ectrodel skin
interfaces. (0041] Signal processor 404 produces a bias signal to be input
to the sensory systemtargeted for enhancenent through input device 408.
Si gnal processor 404 is electrically @onnected to transducer 402, input
device 408 and controller 410. As discussed above, a bias signal may be
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PCMCI A chip or card is d as signal processor 40 [ 0042J Si gnal
processor i ncl udes calibration nodul e 406. Calibrati | e 406
enabl es a&ﬁi@@éﬁ% of the bias signal produced by signal p?gggt&ggﬁggfm. For
exanpl e, for optimal enhancenment, signal processor 404 produces a bias
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conveys sigealgpasametegnead theas, signalpthatsmgy he ed afe apRlimg e, EYeRPYet ed
sensory neli. ng .- t ;ggglﬁ : SENSA! dhestyad lArdckrstiEP ut
device 4 géértn?gh? ta é%e{&%btgbn‘ééréﬁg e’(ﬁ%?rg?é nt fg’rlérrtg1 as .S?i scussed cab?)ve. | nput
devi ces ilgénesdl eCalfipratiqu isagpicilly aceomplishedipriontsinataiation oftheeahansement cuf f s,
~inmplanted el ectrodes, 'surface.el ectrodes, .nuscle stimulators ndon

stimul at SYSCm A FRAynEE iaewmaﬁlsglegtlpme&ﬂg. SHIE i, AR %ﬁ“gnb%t
devi ce 4QG:ARAVENAIbRARRIAS talledIade WiRle e chRdridernest syStRaik instliédeteddpends
on the formof input device 408 and the targeted sensory system For
exanpl e, indesieble to instalbthe enhanoement s soitds pecessible b theputsiggof then t he
urinary tract | targete e . V.S € ackid, s typically inplanted
surgi cal kgg%%%ﬁég%%}gvgnqnﬁga%ﬁagccgﬁl Eéﬁét%o%[lﬁke’%g%rll%or y conponents of the

system A nuscle or tendon stinulator, on the other hand, is nore suited to
mechani cg0032] st i hubaé enibbéinpsnt pthie cakittation is nstoenplisBed byainpeiting atipput

mechani cal |y, stimul ates the propripceptiye system by. vibrati | e or
t endon asge &%e‘&te{xﬁthtq ﬁafené‘gfé’tﬁﬂfcf’ leéx‘é{ I%%é‘_is & pf%d e%\?{ngﬁ%i ty of
a joi nt. MiSfbeRt syisfidAheTtipBHiAS RS sénBbryd @113 Bhd @inbifed fnput is itédrded. . WO
031092795 PCT/ US03/°138~.t invasively usi ngi,mf or exag)l e’th an el asti c, band.
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In one embadiupetion ofjagracameter ofzimtpsestin thenbios yigngls (T erkespPRse 8f ithe or

t ouch- pressure sat i an,syst E £l i sed as
mput deoregr oA Baghus B poind Sy Beh B bRl SRS bR ettt
and the shemdsrdel essilgfthe cdhtrencyTsttwednhthe rambided BAfiR@ndNESHsPohserodithbe used
as i nput device 408. The surface _el ectrode systemis Iac%g QUel t he body
part of isEROFRSell 18 then ehsmactezgd iy poyppuung SPIRe rMERSHE: SuGh, A% SRS 408
may be a BReEbh Cobiiiht YeldbkA tRlow! T2 RifdiSE of it de¥argicenl ¥ iximally
invasively. For exanple, a magnetic field stinulator may be used to

sti mul at enbariced ewhsns thes oshereneer messuby ip omaximireda gThinemeximaliyv teatanggdt he

exterior of the body inp the vicinity of the sensgr I L at ed
si g o) ASTOESLEHESPoRdH tERe EAIPe oY iee i eien o1 i OBt el pRiyakt B U
for exanghRresPhab Baf e etermina ) Fora ,%&mmﬂia% @lredoad of ithel bixs sigaahsor y
neurons in the area of the bladder. [0044] Controller 410 contr.ols

i nt er act i Brispasn epnat valus oureage alvaluesifonitbe paraseatersafyinteaest ahthes bipsignalyi ce

408. The .i npl enen ion for controller, 410 d r

t hi ngs, tlﬁgE‘FBP% f F8§°°§fsg??3:%e SBY @d‘.’s%gﬁ‘%fg&%&ﬁgggsaaﬁngn-coné.illgr?ufous,
modul at ednieteastheieliAlietbmnifiRgiatiak sigah Wit dtimat parafieerb dori inputsipnisedithsi ng a
m croprocessor. In"a sinpler enbodinment, where a continuous, non-nodul at ed
bi as si gri@ryihgpdasieters, controller 410 nay be inplenented using a switch
that sinply activates the enhancenent signal. Alternatively, signal
processor 404 may be adequate, so that controller 410 is unnecessary for
such an enbodi nent. By way of exanple only, controller 410 conprises a

m croprocessor with suitable progranm ng, or any digital controller. In one
enbodi nent, controller 410 is inplenented with the aforenenti oned PCMClI A
chip or card. [ 0045 The nature and anplitude of the bias signal is
controlled in accordance with the type8of sensory cell to which the bias
signals are applied. Repetitive waveform pulse or DC signals of the type
typically used for other types of injury treatnent (e.g. pain suppression,

i WD 03/092795 PCT/ USOS‘ 1385~ acquisition abiliti e?.I n one enbodi nent, a




WD-031 092795 PCT/ USU3/ :1 signal application th occurs during a

physi cal training regi . These signals can be co uously generated

si gnal's webs/@a7ehose created by known instrunents, incl upcmguses/sgput er
random nunber generator, a noise diode, or thermal noise fi oma resistor
or other electrical conmponent. Sanpled signals, such as signals stored in a

t devij R AM ROM etg.), i odi | .NOL- i | s,
mmy af S04 s Expitine fogus FrPRB o e grEth MYt 08 P BRSNS ©o
be affe%tﬁﬂizglgﬁe?ﬁmﬁlr%rlﬁé Sro _¥011;J&atfi&%&fﬁ&ieﬁi¢ ﬁf;er ent depths in the human

body, causing erent° signal transmssion filtering characteristics to

. .exist between certain of the sensory cells and the signal input device. In

a preferred enbodiment, the bias siagGal can be conbined with other signal
types to overcone this pro Iéﬁﬁer a chirped signal can be forned
by overlaying a noise signal W) (@(\ﬁé‘p@(‘ﬁiequency signal that regularly
sweeps through a signal frequency . range. This conbined signal nay be
tailored to permt the anplification of fi equency ranges that are normally
attenuated by transm ssi onwharet he body. Thus, the signal is conpensated at
the skin-surface | evel for expected attenuations that would occur prior to
it reaching the target sensory_cell. This technique m ght also be used to
reduce the effort requiredCye SR ne an efficaci ous signal since it

m ght contain all desired $equency ranges. [0047j Another nethod of the
present invention involves enhancing various neurophysiol ogic functions by
appl yin ext I r lﬁgﬁﬁj %n% B i t t SETNBE I's¥én: | ne@ifoRaor as
describ dﬁg ove?ﬁ’B i%@ itghtggs jeSC |’sI§ tgr&?{(?ren@rt?ua pre-deéf?’!rslled phﬁ;eical

acti vi t genshieusysteny 66.g) thgneurblmesn firing eath aignalorshe nevral spikertsainyfnd Hee pr esent

invention include, for exanple, |.inb Siti n e | nerease
r el ease %YFr ﬁmﬂfeﬁ&qﬁﬁﬁgég)@ﬁﬁam r i ﬂce)ggf%ﬁéﬁbreopﬂpa; sgé i C g’?]t%ng s, and
enhancequ%ﬁaﬁl trarisB&detss] 00 eXeRilE C@ needle Wldthbads ay hasdeto nje@dddth/bst
physical "training regi mens_are undertaken to induce, anpng other things,

mot or | eatmit 0§ 2 Heuron. Maximizing €1 cPoRsPeRds Evigsiyzingthe RhPNERWERR i ng

of notor, I . e t iRy [ ivenOindeifi eve
t he af orﬂé(?nleﬁlr?tluli glr%gfi §g2§%{)c?|ﬂ%0§%rr 1”83&“ gwna% é%%dn%eg%ﬁi Z&aahe?re ;1@? ubj ect
per f or N&ighabMiL dépead ypoy the pirameter of intetestef the divalsignal. dhasphibiag signadensory

cells involved in the specific . physical. acti Vi t o _l.ower hr eshol d at
whi ch s&@i‘fm@é’la{aén%t?’@ "‘(}P&b {%"ﬂdﬁ‘%’?‘ﬁge e?mttl%piw tI’e\,ﬁraeéeélttu]'ql‘tlz‘lleéﬁg fromthe
activity, By making the sensory cells nore responsive, the nunber of action
w WO [9833)92 7 The RiediltdSOB k3 881ibraire pracehs niatyobiel antitizédyr forxngxagipleg nbynount

of external stinmuli is increased, thereby inprovin tge rat e and/P:%.qual ity
of not ormodatingnther bigs signalging TespANSA Ao A8t PRt $1204 ATy SEEBRYIAGESSt MBti on of
the extreni i ' i ' een® Soyesnimagcendi ng
voliti of%‘%@ﬁ‘é g&?r Wg’{rﬁ%fnﬁé%g?%ggf%{rlrﬁg%kpé@%g tr%lcl;%riﬁgﬁé, i E‘o novenent, and

i nt er actsigfal.vint thet fiestcinvtanee) parametdrhialues dort theobias signak areg| fogrrxample.part

on sensory .feedback of a nmechani cal natur,e.fromthe extren ti i | ved in
t he not ité%?latsg RERESE RIFMFITH wpphsigpal, PPy §eeyrkench of rérrﬂatt“:lpg[?l s’ﬁa)é?h f oot
sol e an%&ﬁ&pPh&ﬁﬁaEkVSfitﬂé QhpR! Rl BAN KeRBredOial, ai Bias| sighlyhavingr t ant

both to normal gait and to nore vigorous activities such as 'u%ign%dand
| andi ng. coftesponditplamafeten values iscgeneratadably,  fon example.reterenging thefagat

coordi nated, sensory informati.on. from.t c t | ¥ Sgbwtn i nb
poSi t i oﬁ%‘gﬁsg‘ @’ﬂﬁ ixY’Pé’ h}?\}’éﬁe%%n%i’s ﬂ?gu@%dr Seiéh%gj&fﬁﬁiegéﬁaageﬂ nf or mat i on

content @pkdl.NGh tHeY SERMH iRstadef @SsiAgletsen ff parametiar valees whistorwittoichieveont r ol .
Such inprovenents result in enhanced bal ance, corrected %git tgatter s, and

pr event | eptinesl ephangemsnt fyr mowisignals, isralculated, mrd used, 0 geasrale & W $E0315] ny s
0050J | : di. men { ' tion, a bias signal i rovi ded durin
E’i trai niﬂ%’%ggsgﬁprrg%eIl“breﬁlg%qggpa%&g’ﬁpslt ructur els fhglt gpart: ii Bat \él in e

stability of a joint in a subject, to thereby pronote joint sensation and
f eedback[0086]enhAfesr th alput dévice hast teen walibmted. anBdnstaliedypl ene smbpdimentone

i nput device, e.g. an electrode, can be placed, at .ar near j.he el ar
space suRhnpEenal todheneusen i qeeFFCEﬁ% Aj é?ﬁeXPlf“Hﬁ‘énPP’g&ﬁﬁﬁf’% W‘%W‘oi nt
capsul e I e i inEE Bl R0 ! i héedudés a

| evel be ’o%\%e[gﬁlgbgiei#%gtpﬁaosﬁl{e%@g%I(]ﬁ%'co tﬁe segétt))??/%%:néslb sﬁggl\ggci ated with
the structures as well as below the cutaneous pain threshold. [0051] In
anot her preferred enbodi nent, the bias signal can be provided to at |east
two structures that maintain joint st@bility and are on opposite sides of
the joint such that the perfornmance of the sensory cells contained in these
structures are enhanced. Preferably, a bias signal is provided at or

adj acent to the joint and at least two different antagoni st nuscles on




15 - WO 03/ 092795 PCTNS03/ 13854 signal is sinulta usly provided to each
of the structures or t bias signal is repeated s that the bias signal

is sporac\j‘,g_%?,b%-,gg ovided to each of the structures a pl ur%#é.)ils&fnstsisges.

[ 0053] Specitic bias signal ranges are applicable to spec ypés of bias
signals used in accordance with this invention. For anpl e, electr.ical
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N, AV i n2 0 [ SRR fiR1 1@ chpablitibs. about
10, 000 Iﬁgéﬁtﬂ)tea’ S PﬁQ%S?#‘tS@%@%@Qﬂ@ée& ent. I\%ec an cale Si gna?% prlef erably

have a displacement at the skin surface within the range of about 1 pmto
about 1{003M)andOince g ériput signalii¢ Aétectediin step§ed,af biabsignal @s generatedimstepl 000

Hz. Me ical si t el lled b i di ng. hani cal
ot uat orDbork FPIERRh Segyer Wl TR Relts GRTTRIR BIOGASOHE BRI T m
signal s Jiﬁh%ﬁ'a eI Ghidhoe Rddufified APLnARIRVEH bertdif porafiletdts! &f b4h MRsHEANI cal

si gnal s. rel ess systens, electrical signals can also be transmtted
from a rségml er & camstait] her- molulHtet; setoafgmrathetersapluicly arel desigrieghto eptimadlys to a

subj ect . | bjas signhals are preferably designed to.allo of..conmpl £x
conjst ruc‘f“ﬁ‘%"eéhﬁ ct Eﬁ@&ﬁ*@gcggﬁrgmé‘.se?‘bﬁg’ﬁf ! 'tﬂ%ﬁl?‘y-{c)acélﬁsrc ?gﬁﬁﬁgr owt h
honnon €Shavihg 2 HInRbAGSRENEE of %fa}?mréﬁé@gﬁeﬁkeﬂ,n tREATR kS mWhiab esiftipled iihpay

gl and. These hornones are part o e body's system of changi ng the

ar chi t ectystem isfused; Jolgeneraly theoraturierof theshies signaldodeased shatqisaEmedylated oror

exanpl e, _incr S,in muscle, bul k | es ' caused
by 1 nor BT ARLearE ey BT AERRD A 1 BE R, e e

r esear chhihasiges iggdnesdied if iaipuatd Be asiroaiigsrp106r om t he peri phery,
specifically those arising fromnuscle, spur release of specific types of

- growh hormone fromthe pjtuitayr 1, et.al., 2000). ILn accqrdance
\9/]\,1' th t he{oﬂ?%lsgnﬁnitﬁﬁeﬂ?b&*ﬁle%r@g?r& gg?fﬁ'&clﬁ W@ﬁrsbﬁ@i)% ZPrﬁgHB% PE Wtive
by appl VjeShrst fth! fHiidn bPad 2 Esi 1S SRS uYort Gh lan lall6r88H0L Ersbsainishta

physi cal training reginmen. As esSult, afferent traffic fromthe periphery
i s i ncr eaftredhe wiput hievineskss beew calibratedi andcinataljed, 4 bias tsignigd 45 ncontigouskdényl e,

sensory infornation f| nmuscl e ipndl es that b t.r f h

hor mone $We¥a§%§%}£@pflg?°a mgyrpy. That ?%@Péggi}&}gn?ﬁl&zesingﬂelg%gg?a |d?)‘ E{’}\eg?li'efi ci al
t o i ndi vinda! édethodeadtordihp @ eHidlerhbodiRht thevbiak isipghal 3 ditheninvdalaied er hohk and
bone integrity follow ng trauma or prolonged periods of inactivity,.ln some

cases, tlﬁédﬁﬂﬁéﬂeﬁﬁe bies simmek in mesilatade thea the contipgpusly senprated; bias signgl 1s

el i m nat r L &y eed
For or v OB S8 desGlbcd ulbe) ieh IR ot SRR WERCE B A a5

[ 0055] | sigmaldsrused tinothis embodihentsitiency sithpEfieds nputrsysiem panalynhy sisedn Abe

periphery. are mani f estation qf. fhe acqui Si.tJ aof new .ot or il That
is, a kegls?‘@%f?b%‘fe’ tW rr‘?gmaﬁﬂlaﬁpa(lft? -rqogul[a%g ps Sgpad, 1%, s ?drihé?gnﬁgw
pat hvay Supdd) $198%h1i £MRE nhtife TSy stekh to b éfdided. are due as nuch to

neur ol ogi'c changes ‘as to increases in nuscle mass, especially early in

strength building regi nens. Recent research has shown that, af feﬁrlgugéfu'
: 8f the

activit y[0938} s tiReangthert shpdignented dismbiyed snhancemant PIGERSsISs U5

der | vi ! . . \ R | |
ot ol SpRReRE M3l An il BRRRACSehipRP BbAMIPI Aol IR Al h Bas, [0
t he net hsignaifis geeeratedsamdt input e meons ata phaslity of Adatings foostimuldte yearsayy

tragic fromthe periphe drives neurqplastic changes.in.the.peri.phery. A
Comyon pet 1B GAllsbd thr OviAs A IADHER RGP OR AT db i grattiitel
muscul ar ginenc@hiht! 3 B RO o BhtiRuoROBEhGIR b0, b PRbIM:EA 1or

neur ol ogi cal factors are central to the devel opnent and mai nt enance_ of
nmuscul ar nen-maodpldtedibias $ignalssy be vsetlade ono examples i fgtsensory fnatipnafdheen,

muscl e mass dqes, not increase,significaptly.but eng e . sul t
of e nEIRASIHEEL R o PEPRRGLcH B sighabyey 1 ppRL Y RRHe e dbiRcl®l L
area i N pGaAIAGREHY BlBddeh So {HBE AfttoRdd fullBeRs@isatibn isvbtdihe@n, the time for
conpleting this process is significantly reduced by |lowering the threshold

for the sensory cells involved during this stage of the strength training.
As a res[0040] i nfOnenembediment of @nf enhaneanent heystsar i498ctoy BRplementingthgl asti c

h i i pher. h hj [ : b
i o ool 1B edhanbte B8oaufER ey Rewsbtl ABom, B PEORER IRGCE Y o

with the present invention is also effective in enhancing crossover
strength changes in human appendages such as the arns or the legs. Strength
training research has shown that when only one appendage is subj ected to a
strength training reginen, the strenth of the untrai ned appendage

i ncreases to sonme degree. Thus, if one appendage is inmmobilized by a cast
or brace, the strength of the imvobilized appendage can be enhanced by




to-pronote notor Team n hat results in enhanced balance. Again, in
conbination with this s -to-side training regine t he present invention
i nvol ves_| owering affected 17 i i WD 03/092795 PCINS03/ 1385~ sensory cel l
t hr eshol 3O WP2HE the training to achieve with greater rapCdi¥8¥aiT4nced

bal ance. [0058] Moreover, both normal acquisition of new nmotor skills, and
t he proEeakancefmentsyateni 400 oomprisesia trénsddesr 483 : gignalj pIPcessos 404, anINRYY ke,

rely on the | m pation_an tion of n ' ' t he
sensor y dg¥ige m ?}?‘{1% gentral g"ﬁ%ﬁ@ﬁ?"%@%’rsge\# ﬁgd; 8@%%%&? g&%&%@ §gh§§ ensory
activityfi ; i NS infteateBe cbithdivith theesatsidt woklkks e
benefici a 1‘hﬂ1gt‘ustrx pl gg%isgﬁ%ﬁyaﬁgzlgq?ﬁcfﬂaye br z;i n_aj(al\/bjizay?met. al . ,,82002) .

- Appl yi ngvhichhéemtacs iiggerlerally reot in theuform o anjelectricabsigasicAninpyt sigeal Mighbd of

t he present..inyenti.on alsp increases aff ' elerating
the | rmp DB VRHER 35 Foram R AP P gbeBen] Gk bbF beeteak 450 BRECF
pr ef er r g6 ¥SieCincRbn FFRFAsARer BO s & GaabtSinpin sigarifAiactiagdnactshendret hod

of the present 1 nvention as applied during a physical training regipen.
' The sysbavayctepedntast ta ¢nbancemsent sysitm\40h eerarellys end signal Preesis m t he

wai st of a.user do bat h | egs. A _bel e ; . -ate t he wai st
whi | e f%?mﬁfaﬁgpgr@ggr&mcmngit%%‘éﬁﬁs t?hc;bﬂﬁgrz?ﬁ EﬁlggEgﬁ%mg%t%ggar ment
snugly agaiaBsintdhe Hafy idusifegn | Guets bedble 3t entancémeait systemps 4 lhe
preferably conposed of neoprene or_ other known el astic material. Garnent
500 pr efra¢chbnism; weedyfos gransducgt 402 tdepepdspn B‘%F‘?“éﬁ%’ %Emb&%‘i'&qt%néa an
circunferentija [ | EenSkat 'Bdts . oose
ends of ewg&l#gégipgﬁﬂ@d&gyglgm‘éi’g:b?ﬁgégﬁgﬂﬁg'Tgf%aC to garneﬁ'?ggr04(91\?1i€%i,Vel cro
or ot hertaketberorimef & siimglating electrode omneffayoif stifmulating elestrodes apangpd in

- securely retains helt 502 at i st |evel.. 060] Garnent 5 i | ghed
for they"hﬁpﬂi?l%@f iO%ntbeeqrﬂﬂlﬁta"? a?@n@ﬁa’dﬁhgﬁé’r%ﬂﬂotcﬁ n%sgg%ﬁsb%ga gtly,
the leg etegh& & aﬂmg,aﬁ%sed@ HOE S aXeRddr HmRb iinplentitedibywap 0510 t o
e ecte

be positi at se positions relative to the knee, calf and/or |ower
| eg nuscd piszoviédtiic alassduser, nustaliedrarattaehed; via slagtie SF%Psgtarfh{ﬁﬂd"S‘GE PaxeRter nal

caps 511 clip through the.gar shdBYh i e Certhrhth ;{10
securel Wﬁﬁl%aﬁsﬂﬂ#&dg’\'}gc §f€f%?% cpﬂgggl&% gnaPBilﬁgﬂb %dGYI ng& %%&H

t her ef Ofﬁlo]gfeﬁlaxhﬁpw, e v;ﬂ_iraf{dﬂ_’ bﬂﬁdubbf-dmssupa)sdnsatmm ynteph s bamgﬂmgetag )
necessar or various applications agn 0,aGco te the anat Qf the
subj ect .%IOT gnhangeryenty Eransdyoer 403 15 2 Jugdace ﬁa‘m‘fﬁe Hg\ﬁgaé’r %Rgheéfgv?rﬁ% | aced
on the sk §e0 InYefni Qelld & beLtkhAsted] SucH an elecrod&aisment
500 is tﬁfeﬂwc%?%foglst% gc?gkﬁ%dgyagr\l/ﬁelg tiﬁﬁput devi ces 510 and external caps 511

are cl i patchedusingfiexibienalentrodgskinanterfacesi nput devi ces 510 in place. Garment
500 is preferably fornmed of neoprene or any known stretchable material that

enabl es argent .to clos r.m.to.: ' . %Qm

03/ 09279 | ugg?ai?é%%?“s"égk&{gﬁ%&%l a@‘%ﬁ%‘%ﬁﬁ? Biffl (O sEhisory oien y

agai nst {hgetéa ol efharfcefiehnthicughriame devide 908 aSignalrocessar#d4i isplectrigallyces 510
during the prol onged notion ! invol,ve% I n.an _exerci.se,r %I men. g0061]

Cabl es SEW%EQ%@%WMF@EW deydce ﬁuﬂnd(fQQFéﬁ? ‘@o"‘fg §’u§§°8r§ Ve &ner at or
S14. S| ohal SEAPTALYT bo nbl ¥hHRRuP WHChok-Bontitdbs URMI GRddBIALe N it Nner
surface of t garnent so that changes in the position of the el ectrodes
can be adjodslated. The omm dbfisigaal proasssor 4P tieprads upen theglesired,femn dfithe hias

¥
preferably secyred t ryrent 50 uch that e. afe I to
| npede bEEY rfB&lfﬁBFﬁﬁ‘cg‘% ge?ﬂﬁe‘?’rﬂg‘?‘ﬁﬁle%&n‘owgﬁ%ﬁn %og ‘é('gsL%S f§8§l§%t§ﬁ§$%; from
si gnal  ggRasIalsOHesitdi, 26ifna ChEQLoMIgbYI prefirslsly Pincludes tolls sifngadeteetion500.
Cabl es 512 extend through pockets 516 into a conduit 52? t hat . ext ends
downwar d cagabiligies And [leck-pp tableeapabilitigs torstare BRyBmeleh Nalyes fogtiperiag s - into

" multiple conduits .at.knee Level ; 0 gﬁggaqu | | £$88a1910
posi t i ondRyanHey SRLAimEnt, W a@r?s“&’??%g‘gzwgbﬁn%ta t he gstvvgeigﬁipgg?de?igég’ustqg(ﬁjevi ces
510 can gﬁ)ca&sblaaoxtdd@s 1#51)hep@Barilyorequaite signah deteetitgt tapabilitis| aml I6d-upA cabl e
gui de 522 made of plastic or, simlar, material syrround condui.t 520. so as to

mai nt ai n tablrecapphilities. kf oneceroheidimentp signal Proersrr 404118 either-a sBRGIR fnctiomhi ng
I nt ai b | ' | | t of
The | ongft: s eRere iisrrhofndt, sl o dpdicfih, Small, BERRIEHC 1A siGERLL ©

pref er ablpyriRér %?ﬂd]d fdtessof NIi4N prefepblyTiinclode rsigriabrcdnditidring | indedétabm t he
side of belt 502 to the back of the belt 502. Thus, signal generator 514

can be repositioned at various positions along belt 502, so as not to
restrict novenent required by specific exercises. Signal generator 514 can
al so be worn at other |ocations or hddd hel d. Generally, the placenent of
signal generator 514 is determ ned based upon |ocation of the joint to be
stabilized, the confort of the subject and/or the ease of notion by the

O,




such as current stinmul aigon program remaining bat y life, stinulation

| evel s, active channel rrors etc. lnured port 6 (or wireless or
cabl ed, el@.o3/¢79%i des a link to a conputer station that gqus@,lt:,,gg_'
downl oadi ng of custom stinulation patterns and 19 WO 03/ 0927

PCT/ US03/ 13854 wavef. or Test, hutton M,t.S the f MEL:NA

appr opr |aS‘E‘ESIE?H1 &’?@r ﬁlﬂ?&t?@’f? ?%gﬁél iR R G Is(;pl)iesr at'l vgl‘t 0 vary

t he anpék 4!l he noise signals provided to the signal input devices 510
so as to nal nt a| n the signals below the threshold I evel of the sensory
cells targeted, as well as bel ow t he subcut aneous threshold | evel . The

el ect ri da0423ur rSngnadiqnecasyoraﬂO‘baa@@ giclpdes dakiprationemiodeles 406 CalfEplieRi ned by

st be el A0 eoAbies AT el b A HE Zromietd BY S ierhl Bl BER0 Y
stimul atéx%n%chﬁ*r@ﬁﬂuﬁal”&%aﬂ&nﬁhﬁcsi%nhpevl:Ussbﬁ@OcﬁbﬁﬂuEés)mbm&mgiM)hﬁmngor may

share a co n ground. [0064j Inpu I ces 510 can_apply % ou t he
skin, i rpedetegingred pa:tamettehe (@E regampleca prasistarained %PPlhmpélaﬁé "5@?3 *Fon. As

earlier noted, the n de es 51

el eclt r o JESPORSH, 1, Iaeplgrf‘ V re%?‘@ %gﬂ%ﬁaﬁiﬁgwﬁ ﬁatg ?\%&{ele@(ﬁﬁ el d

sti mul atQfsmetdrs RIFHIAL ighal mlmqﬁ@eﬂy agjus&malﬂhe biae&igxmtmgnauotoopnmaﬁyy

motors or flat notors (1. pancake notors), oe] ectri %t’é g{

ferrofl mrdiammqhetﬁlacm Qﬁﬂtﬁr targegnd sengQry rsb!Ftﬁ%l Eat’é’é‘t WS@@FS faBlese

k I d
nown sig dp&eggﬁ%}réxg?eldzégrayé?erf "G alyfiodh QP \R&C En ARRAPHRAY GighaP| 36 ST Ze

and arra 0 a desired ucture. For exanple,
knee el eprbam&s(hndramnuat@pgamy acniplishak ptior hotinstaljxide off ephaveament noti on

dtol t (t t) th t | ati. to t t t.
Sgnal qoRmAON 28 shayse BoRRbg RS a A e rREEHE e Y ng o
the signglg; eﬁf camb is tohaR éeewﬁﬂhaéhh(aﬁé‘eméiﬁls&stéﬁv4m%5ﬁ9talleﬂ ﬂf‘diﬂ t he

(0}

| ocati on an arit t he S|gnals can be varied. Simlarly,
sti nul at itdndesimble; twinsaﬂesugr@l progessor 404 se#dh aéﬁ‘fesﬁlh}mﬁ’oﬁleﬂapc,‘é%ts‘%@f the the

stimul at ca cu oradi cal | h ke The
power anho‘?ré 3‘5 fab‘fm@f’ﬁ‘rﬂf‘%ﬁeoﬁwg%ﬁ’yxﬁfégoggé conﬁs{%ﬁr H‘d%ﬁ]gﬁ?‘? gnal is at
a level mbm&ﬂ@ PEiat PPédetsdr 404 ds hrivilled§ witk namote aekssscapability ztabling t h t he
various structures that play a rqole in the joint tability. Thus,,the

si gnal i salibratign| tey take nlpp\namigvasively, whether 6"t”i°? ﬁtﬁ’faf?}:ﬂé’ewﬁs‘&rméw% in

t hose st The | evel of the signal supplied by signal
ity 10}'&5?&0{?@1%%613

gener at or my a enough to stimulate other cells that are |ocated
in structures not directly involved in joint stability. For exa
sensory WB]; vmlnpuhd@h@fﬁl&wnw tbﬂablmlmalmf@@ﬁéﬂ?}@ P’&Feﬁsﬁn&ibh’ an

I nput de ce Sfleae%n?geg?yu nﬁ n Ak tﬁ@?ﬁr &g&; Hem%'ﬁiﬁ’u% he

threshol ensory ce ructure
such as Hbﬁwmmﬂgngtmlmrhm mﬂereﬂmfoeimsuas chmssadaatmdemﬂnﬂmt ﬂmces

stability of the knee joint. Such |ow | evel naI s..ar.e described
Col i es &t ate appropsiatpin Wmmst@wcwg’ n ﬂﬁb"‘@’g‘?"ﬁ E@r del,
PCT/ USO3/ef 305~ {{0000ks | B RBR! BfauRichL C1elne BAMIABA! . add Qriagatic! fichd

structureé or placing signa I nput devices 510 in contact with the
subj ect ' stimilators.a¥he hmumer rin FWlﬁch inpuA\ devicead08& gouveyarths bias) signekivdthe om

central hubs 708 which, wh ruct 700 erly, htioned
on opposit ‘Féet?;‘zé%%s%}' SYtem denep g %]on "ET’ g?l&t()f R gg‘flﬁ’ gﬁwg%r msﬁr%géd

| redi at Laso bf&A! FoP emﬁ‘plee@heale daeber ﬁ-ﬂ%aﬂt&d@éﬁtﬁbﬂeds@fmﬁbleéwpasdabl e
mat eri al , rubber. Arns 704 are preferably biased |nwardSJanardtoa

degr ee, sdmh ﬁas tmn&yctmﬁl is thegtangetadhsenisexy whgems end, ds (fypicadly ??lt i oned

on the extre rns 70 L. nc 510 .
posi 11 onSUrEcHly L roRyrdn o bs iftel Yot sy sobotins ??B“n’sé*ﬁ%n oA

extrem t ynyshigRy terfion stiRsulftéf) of tife GtBE Hah@)ie nars stites® memmmlytsmulaeg wher e

the bias signal is to be aAgIled in accordance Wi rFE]P"i‘é t hod .of the

present itheproprieseptive GBstpm Abuchestimulater wechanically PROBUOCEPRYE) o ¥

outlet 706.that | ectrically wr Vi é;;a tlet
706 accor¥ibe i é’svsqrgitl,?gl 23 cé%ﬁhé%{dgg a%%f?aggd]ggﬁ (tatﬂgtlé su hﬁ? hat e%t he
ot her endn@tleGalthe PittitySofcaHAE Msde ot tgdoh giemdataroran be applied non-

12




514, an electrical connec‘n I s established between ynal generator 514
and i nput devices 510. Ca 512 is preferably conpos of a stretchable
and stTai gy fiidossgant material to reduce the |ikelihood of peblusiinbass
becom ng detached fromoutlet 706 or signal generator 5l 4 during use.

[ 0068] In another.aspect of.the in ' e bl {he tsested ng
struct urgwgg@glyégs%gwﬁaﬁlpﬁ,é}l e&ggg%ﬁqg o&%ceéghj oi n%i& ﬁgtlzéng éﬁ% urality

of i nput sggg,tﬁg,ﬁeﬁ,lg, heNbritic @ rtaithypressargsekatimrsystetn 2 sStface ielegedsr at ed
into or positioned thereon. Input devices 210 ar %&sitione sa_tass C%(o
engage t basedystepr isaveed asribputadavine 498. Spseificalla the jglve: deqPdin ™% e bi as

signal is,to be appJied in.accqrda ] t Il\m@[{mg{ﬂ

i nvent i ofleceqe,An tt{F%gFﬁvreeelgcg{?%F’ssogfg?ﬁrgﬁf ;Qggg%ne ?o wrap around the

j oi nt a“%efu?éé SNirpRP ReVitS 408, T sWighdr ddecodetsstemkis phaved avemtherkpdypant
ely

Alternativ , Joint structure 800 can be conf

.gored to slide o d off
of the | of interestpe.gt, the hanstarrfeotg§tll iﬁm’épﬁ?‘a‘lﬂv}"gerf@génﬁf bg ﬁlﬁ??%ﬁegéﬁffdgan

al so be nmade of plastic,  rubber. t: : eghal | anghagsetit) fiekBist a
portion &H }‘?gmsﬁ?%i?ﬁl?% ww&@ve@* Og IF& ?ési{l}%?'ei:tr’rﬁtmemrﬂ?glle whi ch_allows the
iﬂput de\g'ﬁﬁﬁm&l&la bé W& o isﬂﬁmawgu«agedmgsmayf he»rbl;sgbﬁm%%lﬂhﬁ of

the joint. As ' illustrated, the ridged.porti 802 of str ¢ S
conpri sedtioflateri arkihe exterier phihe bagun 38?‘3%‘%?&?‘[3\?8?59%?6}5 .‘ﬁg’t# glgmjﬁ‘g%lt . A
thi nner portion.3Q04 of st - MO/ 189akRReby, PEOT /eklianplie] 385- t
posi ti onéﬁ"@veg?’mt%ﬂ)eaﬁ%g‘i Rntn[’%tegésﬁte gﬁo%n:ugevt%%ghagi ng of the joint wt ?tht

di spl aci ng dubgicalipithpHatng tre dittilathOO6SINUIateca¢030TE NCRHE &1 the apep of the

i nventi on, cﬁ{gg\/i ded is an el ectrode applicator 900, as shown in FIG 9,
whi ch prdis a nmeans to custom ze the position of, or distance between,
-signal input devices 510 (e.g. skin surface electrodes) for a subject
recei vi nojhadat Mel¥ntioNeAFRPESRMOTSntdcioh betwezh trmbsdicepd82; eignal praspssasn.
Areas of fleXible, electrically conducti vgp | ayer 902, . such, as é:o%gggki ve
rubber, pitdvandenpet devicet408c The ymplementation, for fORHLIE S ends BROTy HORE

si gnal i nput dlevl Ges S10,cERYALLAA.aRA FHEQUADE nbileoRgRGIUR] kudulitegler 902

on the ou ucture 1s a nonconductive material 904.
These t V\Dbihﬁbi?ﬁﬂ iofdesipat] ¢ohtrolier 90@ naybenionploneried LFi0g 2 TRICEIRTRLSS YoM & o

permanently arfixed to one_another.. AlSo coveri 0 Clsl l;:aVfkird@2 on
i ts i nnersimpler sgnRodimenk,c @hetg ge COUMYORS, ng%ﬁ}?l‘}ggl‘e@e ’B¥LI!| %711%816 1\g’;\1hd|°e(§:1ﬁ i’s

renovabl y e h 1P Itnﬁ'f o]y} hented ABg A03witth thatrosimply nastivetes dthst i ve
film 906, e Inner surface of conductive |ayer 902 is ex oseggoal Itﬁy’ ng a
signal i nenitanclenéntesigadl. tAdtepeativelyi ssigmal pregeasas o, aay, ke I"’Bﬁ@}‘ pa

Non- conduct.ive film 906 is _scor 0 bifinst9 n&,gﬂ dfNeRarfpit tagily, Whi ch
al | ows f of P& 6‘&? O DPECHEN- iogn%lét%e ¥i ?_m 906,E§r ather than the entire
film to Q&lt{&lgp\gid-chdrﬁbﬂshé 8 m&gybpnbdmo]gmyinh ismyabgee prageamwing, cor 3 digital 902
remai ns covere t he 'non-conductivye f1lm 90 ur,i HS ' oy t
devi ces 5&@@@-@%%@5‘3@1“8“% ﬁ‘i"iﬁaﬁg éﬁ i E%ﬁ@%ﬁ%@%‘?’%é‘%m? ertll%lllﬁ,mls uch
as hydrog AlhiRf GV P?S the el echical interface between the conductive

| ayer 902$g:r¥dél?'héhl ubject's skin. [0070] The apparatus used for perform ng

t he met hod of the present invention is unique rel ativiﬁio kno uni t.§hused
for i nproye04d] serFhe namtoadanplindnelhe biassizgng ioronte %a?c%a“&cﬁ& 1

treatment of injyries and habi Litat]. : e ; lakd , I'n
such kn ovmtlheuWPFJs"fy SOy Bﬂg XE‘bClhn%% rhl%g Sl%ag]rag{' ggﬁi)érd mgguﬁ g} a??lfglﬁl?(’j e
free, unteifaeipth@!§sidld sPheaPpsitypicaNs usal foraftherviimpashofinjury itresimasnt (e4ge
mot i on regui red for The Performance of an eff.ective ph s'.cal%t{hgi&r‘]'é%g}t
regi men. [paid7ippwEsian, thoae diseling)i ae PRERRL VY dﬁ‘ﬁlé‘ﬁpga te YiFedted to
ants, a j.oint. stabilizer SrRtifs eFEDA fedu wsed
ﬂer ein, rjé?vépéolf’oa%a%?s%r&rcﬁg?g&efdg {o@%ﬁgpfgﬁ ﬁol di n%@fi%gﬁ &devi ces (gﬁgo .in

pl ace at almﬁmgdobeﬁmme bffect2of Sich sighaldi omerthe sesomsh'ogla. sieadn Have

Jpeen shown as a [ower body wearable device.for illustrati nly.
{%i mlar embeadansht Miébﬁhb?/iéw?ﬁonomep lerggnistic noise'Signlh, ¥iictk 45 Aa8EnE" ¥

aperiodic noise signals, or recorded repetitions of noise signals are preferably used, so

that the sensory cells do not adapt to the noise signals over the extended period of noise
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WD .03/ 092795 PCT/ US03/ 1385ut signal input devices pn place that are
desi gned to the upper dy including the arns and rso of an individual,

are withi (it and scope of present invention. The upper. body_
wear abl e S‘é{)/p@%ﬁ?rg{/ be combined with the | ower body wear abllg‘?E%P@éng
permt input devices to be positioned and operated, sinultaneous|y al ong

both t he SigpéaPRicAtion\that osenry dnring a phySsRlcEaRIng regiReIndisse Sgnajsfan be
dorarl Ceontittdily peiadReldla s Hse PR b RabaT iiEMeiiE ShblERe'd) |

al t er at i cooenmaer fandomdtmblet Benttatore @aioisendioli¢,con thefnal Hoisedfedns a apsist@sor
defi ned by, the appended cl ai ns. 23 WO, 03/ Q92795 PCT/ US03/ 138%4,V\hat S
cl ai med %herielecitigak epmpopentcdampled signalensush asptignalp slored ina SEOTRRE ¢EVaeH| ect

SO TRANREIOECE] 4 B Wl T e i

pre-defined physical activity which utilizes sensory cells within said
sensory déb46lar edTenstnydry cil aress ¢omvahivg heronisite beeaffected vyt trias sipnilomayice t o

be enhanced eref.n.inpytting said at |east one hias signal inproves the
function f%lﬁ’a&tsféﬁfgwggsm B B humes badyn Gasies oAt slengliraimsion
Sensor i NMof1drirpeohaPhtBMRs toSexidBEQVERH éthof%@QéAsb%celﬁ agahﬁ.e %@qﬁ?%‘ie

claiml, wherein the sensorinotor perfornmance Is I|rfproved gait.
met hod ofdevicei im &, pretieredi emtoldimentnthe biasndignal pranf oy cembined svithrother eignal

bal ance. 5. The thod af. claim1_ wherein sai,d sensorinoto rfo nce is
i nproved ¥RESH 0 Ioglgfcﬁ%egau% Fro &0 EOT S¥ATRple: Iaaf’l?‘H'l?L'%?j Sl cFan i’zﬁp g"meg BY
Sensor i W\%I&Kiﬁgf@ﬁﬁi%él SignalSwithPEWHR dredBéy $ifhdllthat feguliiy BWebpslthedughny of
clainms 2-6, erein the sensorinotor perfornmance i s enhanced through

. i mpr oved $&wal ofrauency trgngeg. Thin ccomhingsyy signal| may be (gilored ntos gpegmit ~ the
winer &P Sabfthkued GEBHRbAT RHESPUAP Mokt orIRa 0 MR il B Tne

body. Thus, the signal is compensated at the skin-surface level for expected attenuations

that would occur prior to it reaching the target sensory cell. This technique might also
be used to reduce the effort required to determine an efficacious signal since it might

contain all desired frequency ranges.

[0047) Another method of the present invention involves enhancing various
neurophysiologic functions by applying an externally produced bias signal to a sensory
cell area, as described above, while the subject is performing a pre-defined physical
activity. Neurophysiologic functions enhanced by this method of the present invention
include, for example, limb position sense enhancement, increase release of growth
bormones, enhanced peripheral neuroplastic changes, and enhanced central, including

cortical, neuroplastic changes.

[0048] Most physical training regimens are undertaken to induce, among other
things, motor learning, i.e. the acquisition of new motor skills or the regaining of motor
skills that have been lost due to injury or disease. To achieve the aforementioned
sensorimotor performance enhancements, while a subject performs a specified physical
activity bias signals are applied to sensory cells involved in the specific physical activity
to lower the threshold at which such cells are triggered by the external stimuli resulting

from the activity. By making the sensory cells more responsive, the number of action




10.: The nethod of any one_of clainms 2-6, wherein said_sensorinotor
performance is enhanced t ugh increased growth hor e release. 11. The
met hod of @I!}S}g; wherein said bias signal is nodulated in S}Snchron with
sai d pre-WOWA¥dDhysi cal activity. 12. The method of cl aFR USRS n sai d
bi as signal is nodulated in response to a neasured physical variable

measur ecpoitertialsaprddneat fanenyb gilyn sampunh tof oéxtemildstimbli d€ tincteasedy thexehly 2. ~

- WD 03/.092795 PCT/ US03/ 1385; ~ pre-defined physical actiyvit wherein is
sai d phy8IREAYINg e ratsandfog qg%‘!'%é’? g@tqri?ﬂwlpﬁég%‘ﬁﬁlﬁ)g%% %‘:{’ivﬁ ‘of force,
pressure, position, angle, velocity, and acceleration. 13. The nethod of
clai m 1, 10048y €1 & cRRdiflath ' tHeS eRtrBRANAN 11672 examP2! red@ires Iprécise

“di spl ace[mnadri:%3 of aboul%tga?%ﬁérgrbg{bout “10 mm 14, The %ef hggﬁof claim1,

wher ei n isterplapbetween desendiag aolitiartahsignas fioimgha brainmpesskedcaitrastien,dimbor e
frequencies within the range_of abqut 0 to.ghout, 1000 .Hz. 15. The net hod
of cl ai fPYYRHFEAH niegactiop Wit Fﬁﬁ‘fﬂonf’?ngﬁn’éﬁ %&qwe‘a? g7t Wé’\%thﬁna
current ééﬁ&ﬁ? tfoedbck BE a'ABG8nIeE AR Froln Mhé \bitRtnities aRBIed LA0MeRM¥tidIE. 16.
The nmethod of claim1, wherein said bias signal is an electrical signal
conposedSahatoseasery mformafion,eqgetactile snfoimnation from foah sdde ahd giroprio@phyet o

about 10,000 Hz. A7. A net hod. of, enhanci ng,sensqQri not or rfo ce.in a
subj ect lgg%‘ra{i‘éf r%orflﬂg’eﬁj&fﬁo?s- clegr, p&???%fn:‘}o ggsqorrgﬁleg ﬁga%nd; F"Sﬁ‘a ®t o at

| east on@g6REs Ativified éucﬁrag?urﬁ}{:ing afid RindRg! THE iMethddrdfdhé pleisent inveatioarisor ni ng
a pre-defined physical activity which utilizes sensory cells wthin said
sensory efEctivaioboost gooudinatedseasary inferrationfram ghesmaehshereseptorp BVl EHance t o

be enha [ N_] - ' I - DI @6:. S | 5 s the
Punct i onoft SHE b8 i Ind afentlor 6 Hhutificd M Hefddl iFRRUES | O
- i s genereintsht dodn npoNdneeht pyovidesys ireand for iempheved segsariznstor icomtrok. Such

S Gnal | TV SR PegRnteL B Cost Bk e IETs] PRI
CommuNI Cafinks by aVB1dME Jor &afhd] hiperbiaiioPdfoimtnal i nput device for
generating said bias 3ignal.. 18, The nmethod of claim 17, wherein said

sensorinotor performance is inproved j oint stability: 19. The nethod of

cl ai m 17[003fler eln enec embndimentnof dhe irsentipnas bias; signslys preyided dumg a
training regimen to a plurality of structures that participate in stability of a joint in a

subject, to thereby promote joint sensation and feedback to enhance stability in the
subject. For example, at least one input device, e.g. an electrode, can be placed at or
near the articular space such that sensory cells in or adjacent to the ligaments, the joint
capsule and meniscus, are stimulated. The bias signal is provided at a level below the
perception threshold of the sensory cells associated with the structures as well as below

the cutaneous pain threshold.

[0051]  In another preferred embodiment, the bias signal can be provided to at least |
two structures that maintain joint stability and are on opposite sides of the joint such that
the performance of the sensory cells contained in these structures are enhanced.
Preferably, a bias signal is provided at or adjacent to the joint and at least two different
antagonist muscles on opposite sides of a joint where the action of these muscles

determines the relative flexion and extension of the joint.

[0052]  The bias signal can be provided simultaneously to each of the structures or it
can occur sporadically at each of the structures. Preferably, the bias signal is repeatedly
provided to €ach of the structures, e.g., the bias signal is repeated such that the bias
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20.: The nethod of claigal7, wherein the sensorinot performance is
| nproved bal ance. 21. & nmet hod of claim 17, whe n sai d sensori notor

* per f or manGgRoigS0b2¥e¢ oved notor | earning. -25 WO 03/ 09279i 1385-t
22. The nethod of claim 17, wherein said sensorinotor perf&%@?&?"

I nproved notqr. skill. 23, The t hod of .any of clains 18-22, wherein the
sensori mﬁ‘%‘i‘a(iﬂ% simyltapenusly; lgoxgﬁgsﬁm@ah phths Archuss on the iesugpaldstepeated. 24,

The met hag,chfhs!tRe ; 6L 0 355,24 | G dich c@g ;

neur opl ast icci ty. 29%%@%,{9ﬁ%@dl§@h€#§ﬁ#§§h%\%ﬁerﬁie'lh-)r% sal éngte%?’!)urﬁhat}éﬁfci ty
i s periphtémas. neuroplasticity. 26. The nethod of any one of clains 18-22,

wherein said sensorinotor performance is enhanced through increased growh

hor none rgl e. 27..The nmethqQd of claim 17, wherein_said bias si.gnal is
modul at edﬁpsgiyncéﬂe&%?%ﬁ B iranﬁsearaéwﬁ%a&lepﬁygpzcaﬁc bpes ﬂftaws @gog}ﬁhe

met hod of ' a“\&e b s ad hAS i&g@] LS . ' RS to a
nmeasur ed %%g?ih(r:a;%gp\‘/iarl amrﬂ#ggfé%rngg&fﬁ%m at qlée’atg'tgaggééla%%é gléégﬁént of said
subj ect capplied withiu owrent demsity rphgesofaboundt jLAVing to wbautei0d0s piddndinds iacal

variable is selected fromthe. groug consisti f force ressure,,
posi ti on, TSHHPEY r@’égeoeftag‘]?“tgjngga@c 0 A@O@h.ﬁggge I?é‘ ﬁ”Hﬁ‘Fgoo £ TEIRERT-17,
wher ei N SRieghdtics$ si fesa ' entend Pk Al HtRindsERRe Of
about 1 p.rn to aﬁﬁ%e%bﬁs%%%kﬁnﬁ hod g?{hcl ai mgl%%éemherei n sa% bi as
si gnal i sofzabest havim ¢a kbt §A am end fiegesicies within dhe range of Alsypih Hizdsabouthi n

t he range 0 Hz -1 0. about 1000 .31, T thod .qf claim17

wher o1 n iUy B2 Stechelieal 2RSS Yo 5 eridietyd pop ey O uSing RBRndGAs ¢
in the rasgeatods oabibietskin Nirfaté it teteRGbnoldly Bendtbied vav@formT Signhle GBAf a0f
claim 17, wherein said bias signal is _an electrical signal_ conposed of one

~or nore fiEEfRHERERIET and eonvert these signdls tapsgharicalsignglsabowirelss asteoes,.  33.
A syst em qie&rieANIBGI0 Yast G145 Ve' TR ER" SBLiSte' ParRmittd) 15 CL1eGO5RY W7 9!

apply electrical signals to a subject. All bias signals are preferably designed to allow for

complex constructive and/or destructive patterns.

[0054] Naturally-occurring growth hormones, as another example, are released in
humans by the pitvitary gland. These hormones are part of the body’s system of
changing the architecture of muscle and bone in response to changes in activity. For
example, increases in muscle bulk in response to exercise are partly caused by increased
amounts of circulating growth hormone in the body. Recent research has established
that afferent signals from the periphery, specifically those arising from muscle, spur
release of specific types of growth hormone from the pituitary (McCall, et al., 2000). In
accordance with the present invention, sensory feedback neurons are made more active
by applying bias signals to lower the sensory cell threshold during a physical training
regimen. As a result, afferent traffic from the periphery is increased, which causes
neuroplastic changes in the brain. For example, sensory information from muscle
spindles that boost release of growth hormone in response to activity is increased. This
is especially beneficial to individuals, e.g. strength trainers, working to regain muscle
bulk and bone integrity following trauma or prolonged periods of inactivity. In some
cases, the increase in growth hormone release may be sufficient to eliminate the need
for growth hormone replacement therapies and the need for growth hormone
supplements.
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a wear abl e device to whi c‘s secured at | east one si | i nput device,
wherein said at | east one gnal input device is repo I onabl e on said
' wear abl e WOv03#e927¢d a signal generator for generating a bpPa¥/usiusass

wherein said signal generator is conmunicatively coupled to said signal

i nput dev[008S] ' 2EnterconWétidas @RE eHci &fSGeiisdrdator pathwalldnSthe tpeApéryc| ai m

33, wherein said signal generator includes a power source, a signal
pr ocessor a%nd manifstation joéthe aguisition of Nesvnmator: Fkillsn That iaherkeynreselt Ei gnal

' |i by at | e f i usti ng, the bi i gnal
P duced Bulla 58 phef® isHhE bleBRoMBE ek 18l Bithiae, Biteel el befthioin, <. o
vear abl e stestigtie drerdue bdsy mdtle 36 SfeusslbgicSEltpks a8 Pt indR4k&eid GnbdtR fmalkkect' s

skin surface., 37. The system of claim 33, wherein said wearable device is
conposed &iPesiatlyicapyin strengtly building simanse Regentansesrchdiasishows, thareffesent sai d

[ | i | L | | t t,ached ' bl
devt ce. J3RANH nun? dle"RERloh SR, Srtes! CHMPRiabn @i Roelof fhe”Blobrv o' ©
el ect ri cahéyroploysielogie grdcessefbliperiphenl ngeioplaaticity (Wong, Ehel., D000 Mslyigi m

33, wherejnh said, signal generator is communi catlve‘l%&/ coupled to sald signal
i nput dev P8 stgpals taminput arep 18 Aserrdenne, with the amethod phihei present igyangion

el ectri cajy£QReUGH Wy %éﬁ i i e | C :

prot ect ed %y sgéng \%ﬂg?tg% lgChzgs\%gg . QAﬁr?%?htg?jvﬁﬁplﬂ%r ggﬁ% Seu?cﬂﬁlastlc

neur opl aschanigey in theapesipbgrycA caimon pemegptidre of stegngd trainfig! isithet Atinvobaed one
bi as signal, to at .l east opne sensory.cell areg. of a ui)gcge“%i whi |l e _sai d

I
Osubj ect 3%15'&@}1?%11?{?%3!51 FelgEelogL s pol 3 icontideretioni ith RRupolosieel
Sensory Ceotdrs Wrd Refhri 3b e ABKM PG| dng B fhaiifod Bf Glhsaiier SRUALYH il  he

sensorinotor performance to be enhanced, wherein inputting sal east
one bi as Hit#tagesof o seengtihtrainingoegiorenp muselednase deer ot dadrkase significhmelynet hod

of ol al m g cotighPluBes & 5H'oPRERLLS b Nclis: RERHFhroBEY! Y B5HiSk bas

signals to an input area in accordance with the method of the present invention, the time

for completing this process is significantly reduced by lowering the threshold for the
sensory cells involved during this stage of the strength training. As a result, information-
rich traffic from the periphery drives neuroplastic changes in the periphery that, among

other things, increases the rate by which muscle mass formed.

[0056]  Strength training performed in accordance with the present invention is also
effective in enhancing crossover strength changes in human appendages such as the
armas or the legs. Strength training research has shown that when only one appendage is
subjected to a strength training regimen, the strength of the untrained appendage
increases to some degree. Thus, if one appendage is immobilized by a cast or brace, the
strength of the immobilized appendage can be enhanced by using the method of the
present invention to lower the sensory cell thresholds in the opposite appendage during

a strength training regimen for the opposite appendage.

[0057]  Many athletic training programs are directed to the improvement of balance
that is required when weight is rapidly transferred from side to side. Balance
enhancement training regimens have included prolonged repetitive side-to-side motion
to promote motor learning that results in enhanced balance. Again, in combination with
this side-to-side training regimen, the present invention involves lowering affected
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43.- The nethod of claigg 41, wherein said neuroplagdicity is peripheral
neuroplasticity. ., 4 A nmet hod of inproving neu | asticity in a subject

conprisin p of inputting at |east one bias signal one
% Bosdi PeAlsed £33

sensory cell "area of a subject while said subject is perforniing a
pre-defined physi.cal activjty which utilizes sensqQry cells wthipn said
sensory c%?r}sgﬂgl%?ﬁaﬁﬁ%ﬁﬂ?c‘i\m&gémm%&o iaﬁh@mvg&wﬁm Wyeshansathce to
be enhancgglance:7 WO 03/092795 PCT/ US03/ 1385~ wherein inputting said at

| east one bias signal inproves the function of said sensory cells, and
wherein said at | east one bias signal is generated and inputted by a system
f or enhan{05§] s enMordowert, bothpmorfrat maquisitions af tewyimbmskidlspand ithe pacsssanfibl e
device to_which at | eas r.esposi.ti onabl e signal inpuyt device is

secured, SRS R %gﬁﬁwe?gewﬂﬁw A &S %déﬁl%%q%?gg}lﬁﬁua? andhst
one si gnakreafip!bf AEY b&ﬁrectl‘ﬁxs % Wseﬂfsoﬁlfgnh ’H}(ﬁtér ?T%i‘f[ﬂﬁés‘? ReciRearc

neuroplasticity is central neuroplasticity. od of claim 44,

wher ei n shaslestahlishesl thst sepsdry actvipefromthe peripleary dpbmesof the tupdedying Arivetdiod of
i ncreasin rowt h rpone rel ease in a subject risin e st of

i nput ti ngggg’eféﬁ e%gwgggqrggl.aycg BEH™n el?’!é%lg _ s@r@m&?bgblﬁppgﬁ’é_& ®f a
subj ect WhidsQighal & &iRb@CAred # RB5HIANLY @ﬁh%eoﬁm%ﬂﬂafdf@@pﬁg‘éﬁ?'iﬁ%ﬁﬁﬁ %F]éﬂ ty
which utilizes sensory cells within said sensory cell area and which are

i nvol ved infredses afémensitiafifie thereby atenleratingthe smproventeatefdotonskillsi n i nputting
said at |east one bias signal inproves the function of said sensory cells.

48. A net foi ' [1€, esln A conprising

the step Eﬂg 9 j)i npﬁﬁ?’ﬁ%&%’? i ?lél%ﬁ%i&oﬁrgé %@%egi Jﬁ%?ﬂ {dor ag@ bﬁ%@'ﬁ&gnﬁé@?&n@or y

cel | ar eaaafordanse byitl tthevmdtigods af dhé phgsestt inventien faorapplied Aupiry 8 hisiedl

- physical activity.which utilizes se_nsorﬁ?cel s within said sensory cell
area and WATRE £ DS, SXstemy comprises g dowereremiby eamah S00; thahektendinced,

wher ei n i%ﬁﬂﬁﬁﬁ%ﬂgﬁ uké%m&hh}e%gma@%b ISEREEY B a';'ﬁehwap{hlewgi sai d

sensory cells, and ereln sard at st one bias signal 1s generated and
i nput t ed Wil fogks steapsf M4 whivhrextery benesthr theouser’s feetf luldrdhe garment dnaght em

i Si bl i t i ch .at t i1 bl i |
Copot | cewiadnllGRE BT AR IGweeddy, GG, EPE: iR are b I, SPPreE P Ed t o
sai d at | pegjret@ cthél@bwnltRistic Sférfa® Gatthent 500 preferably includes aAﬂ)lgral'iA\ty of

CA3_.AY. A A A Ae. A A AF9. A A(. Al. Al % AA. A& A{. AhF . Ah. A3, Ah. _AY. A A3
_. AU . AYUbgit F8ps;SPg oped circumferentially around the waist section of the garment 500.

T S P A Gl P o e 67

other known fastening means to, in effect, form a belt-loop that securely retains belt 502

at waist level.

[0060]  Garment 500 is designed for the application of input signals at and below the
knee. Consequently, the legs of the garment have closures 508 that permit input device
510 to be positioned at selected positions relative to the knee, calf and/or lower leg
muscles while also being maintained in place to garment 500. External caps 511 clip
through the garment and onto input device 510, so as to securely hold input device 510
in place. Signal input devices 510, therefore, can be placed at virtually any position on
the garment as necessary for various applications and to accommodate the anatomy of
the subject. To fit garment 500 to a user, input devices 510 are first placed on the skin of
a user relative to specific muscles, joints, etc. Garment 500 is then carefully donned
over input devices 510 and external caps 511 are clipped through garment 500 to hold
input devices 510 in place. Garment 500 is preferably formed of neoprene or any known

stretchable material that enables the garment to closely conform to the subject and
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location of the joint to be stabilized, the comfort of the subject and/or the ease of motion

by the subject. To eliminate cables 512, signal generator 514 may include one or more
wireless transmitters operative to transmit signals to signal generator 514 and/or input
devices 510.

[0063]  Signal generator 514, as shown in FIG. 6, includes a signal processor 404, a
controller 410, control dials 606, a display 608, a test button 610, and an infrared port
612. Display 608 shows graphic information that is of interest to the user or clinician
such as current stimulation program, remaining battery life, stimulation levels, active
channels, errors etc. Infrared port 612 (or wireless or cabled, etc.) provides alink to a

computer station that permits the downloading of custom stimulation patterns and
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waveforms. Test button 610 permits the confirmation of appropriate controller function.
Controls dials 606 are operative to vary the amplitude of the noise signals provided to
the signal input devices 510 so as to maintain the signals below the threshold level of
the sensory cells targeted, as well as below the subcutaneous threshold level. The
electrical current density at each signal input device 510 is determined by the current
amplitude and the size of the electrode. The current density must be maintained within
an acceptable range. In the case of electrical stimulation, channels may be electrically

isolated from one another or may share a common ground.

[0064] Input devices 510 can apply, through the skin, input signals to the structure
associated with joint orientation. As earlier noted, the input devices 510 in the garment
can be surface electrodes, muscle stimulators, tendon stimulators, and magnetic field
stimulators, vibratory stimulators, e.g. small electromagnetic rotary motors or flat
motors (i.e. pancake motors), piezoelectric actuators, ferrofluid magnetic actuators, or
electrorheologic actuators, or other known signal input device The signal input devices
are appropriately sized and arranged to localize stimulation to a desired structure. For
example, knee electrodes and actuators are sized as to not impede or restrict motion and
to limit (target) the stimulation to the sensory neurons of interest. Signal generator 514
can be prograﬁ;med to vary the intensity and timing of the signals. For example, when
more than one input device 510 is used, the location and polarity of the signals can be
varied. Similarly, the stimulation can simultaneously occur at each of input devices 510,
or the stimulation can occur sporadically between each of input devices 510. The power
and frequency of stimulation can also be controlled. The signal is at a level below the
perception threshold of sensorj' cells associated with the various structures that play a
role in the joint’s stability. Thus, the signal is at a level below that required to trigger the
sensory cells in those structures.

[0065]  The level of the signal supplied by signal generator 514 may also be enough

to stimulate other cells that are located in structures not directly involved in joint

stability. For example, sensory cells within the skin may perceive a signal supplied v
through an input device 510 placed upon the skin, but the level is still below the
threshold required to stimulate the sensory cells of the structure, e.g., such as the
hamstring below the skin, which is associated with the stability of the knee joint. Such
low level signals are described in Collins et al., U.S. Patent Number 5,782,873.
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as to securely engage the leg when structure 700 is positioned on the extremity. Arms
704 also include a plurality of input devices 510 positioned such that when structure 700
is properly positioned on the extremity, input devices 510 are positioned on those areas
of the leg where the bias signal is to be applied in accordance with the method of the

present invention.

[0067] At least one of the arms 704 includes a cable outlet 706 that is electrically
wired to each of input devices 510. Outlet 706 accommodates electrical connector 702
of cable 512 such that when the other end of cable 512 is connected to signal generator
514, an electrical connection is established between signal generator 514 and input
devices 510. Cable 512 is preferably composed of a stretchable and strain resistant
material to reduce the likelihood of cable 512 becoming detached from outlet 706 or

signal generator 514 during use.

[0068] In another aspect of the invention, provided is a joint covering structure 800,
as shown in FIG. 8A-8B on a knee joint, having a plurality of input devices 510, and
preferably a signal generator 514, incorporated into or positioned thereon. Input devices
510 are positioned so as to engage the appropriate combination of muscles and joints to
which the bias signal is to be applied in accordance with the method of the present
invention. Joint structure 800 is preferably designed to wrap around the joint and fasten
upon itself by Velcro or other known fastening means. Alternatively, joint structure 800
can be configured to slide onto and off of the joint. Joint structure 800 is preferably
made of fabric, but can also be made of plastic, rubber, or other material, as long as at
Jeast a portion of the structure is made of a flexible material which allows the input
devices 510 to remain in place during the flexing and extending of the joint. As
illustrated, the ridged portion 802 of structure 800 is comprised of thicker material
capable of assistively bracing the joint. A thinner portion 804 of structure 800 is
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[0069]  In another aspect of the invention, provided is an electrode applicator 900, as
shown in FIG. 9, which provides a means to customize the position of, or distance
between, signal input devices 510 (e.g. skin surface electrodes) for a subject receiving
treatment in accordance with the method of present invention. Areas of flexible,
electrically conductive layer 902, such as conductive rubber, provide an electrically
conductive means between wires 908 and signal input devices 510. Covering and
surrounding the conductive layer 902 on the outer surface of the structure is a non-
conductive material 904. These two layers of conductive 902 and non-conductive
materials 904 are permanently affixed to one another. Also covering conductive layer
902 on its inner, or skin surface, side is a non-conductive film 906 which is removably
affixed to the conductive layer 902. By removing non-conductive film 906, the inner
surface of conductive layer 902 is exposed, allowing a signal input device 510 to be
affixed to the conductive layer 902. Non-conductive film 906 is scored or otherwise
segmented in a pattern which allows for portions of the non-conductive film 906, rather
than the entire film, to be removed. In this way, the majority of the conductive layer 902
remains covered by the non-conductive film 906 during use. Signal input devices 510
are composed of a thin, electrically conductive material, such as hydrogel, that provides
~ the electrical interface between the conductive layer 902 and the subject’s skin.

[0070]  The apparatus used for performing the method of the present invention is
unique relative to known units used for improving sensorimotor performance (e.g.
motor learning) or the treatment of injuries and rehabilitation from the effect of an
injury. In such known units, electrodes are mounted on braces or wraps and include free,
untethered electrical conductors, all of which will inhibit the motion required for the
performance of an effective physical training regimen.

[0071]  While the above illustrated embodiments are directed to pants, a joint
stabilizer, and a brace, the term wearable device as used herein, refers to any structure

capable of holding input devices 510 in place at a desired location.

[0072] The embodiments described herein have been shown as a lower body

wearable device for illustrative purposes only. Similar embodiments capable of holding |
|
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said subject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance
to be enhanced, wherein inputting said at least one bias signal improves the function

of said sensory cells.

2.  The method of claim 1, wherein said sensorimotor performance is improved joint
stability.

3. Themethod of claim 1, wherein the sensorimotor performance is improved gait.
4.  The method of claim 1, wherein the sensorimotor performance is improved balance.

5.  The method of claim 1, wherein said sensorimotor performance is improved motor

learning.

6. The method of claim 1, wherein said sensorimotor performance is improved motor
skill.

7. The method of any of claims 2-6, wherein the sensorimotor performance is enhanced

through improved neuroplasticity.
8.  The method of claim 7, wherein said neuroplasticity is central neuroplasﬁcity.
9.  The method of claim 7, wherein said neuroplasticity is peripheral neuroplasticity.

10. The method of any one of claims 2-6, wherein said sensorimotor performance is

enhanced through increased growth hormone release.

11. The method of claim 1, wherein said bias signal is modulated in synchrony with said
pre-defined physical activity.

12.  The method of claim 1, wherein said bias signal is modulated in response to a measured

physical variable measured from at least one body segment of said subject during said
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13.

14.

15.

16.

17.

18.

19.

20.

21.

oup consisting of: force, pressure, position, angle, velocity, and acceleration.

The method of claim 1, wherein said bias signal is a mechanical signal having a

displacement of about 1 pm to about 10 mm.

The method of claim 1, wherein said bias signal is a mechanical signal composed of
one or more frequencies within the range of about 0 Hz to about 1000 Hz.

The method of claim 1, wherein said bias signal is an electrical signal having a current
density in the range of about 1 pA/in? to about 1000 pA/in’.

The method of claim 1, wherein said bias signal is an electrical signal comnposed of one

or more frequencies within the range of about 0 Hz to about 10,000 Hz.

A method of enhancing sensorimotor performance in a subject comprising the step of:
inputting at least one bias signal to at least one sensory cell area of a subject while
said subject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance
to be enhanced,

wherein inputting said at least one bias signal improves the function of said sensory
cells, and wherein said at least one bias signal is generated and inputted by a system.
for enhancing sensorimotor performance, said system comprising a wearable device
to which at least one signal input device is repositionably secured, and a signal
generator communicatively coupled to said at least one signal input device for

generating said bias signal..

The method of claim 17, wherein said sensorimotor performance is improved joint
stability.

The method of claim 17, wherein the sensorimotor performance is improved gait.
The method of claim 17, wherein the sensorimotor performance is improved balance.

The method of claim 17, wherein said sensorimotor performance is improved motor

learning.
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23. The method of any of claims 18-22, wherein the sensorimotor performance is enhanced

through improved neuroplasticity.
24. The method of claim 23, wherein said neuroplasticity is central neuroplasticity.
25. The method of claim 23, wherein said neuroplasticity is peripheral neuroplasticity.

26. The method of any one of claims 18-22, wherein said sensorimotor performance is

enhanced through increased growth hormone release.

27. The method of claim 17, wherein said bias signal is modulated in synchrony with said
pre-defined physical activity.

28. The method of claim 17, wherein said bias signal is modulated in response to a
measured physical variable measured from at least one body segment of said subject
during said pre-defined physical activity, wherein said physical variable is selected

from the group consisting of: force, pressure, position, angle, velocity, and acceleration.

29. The method of claim 17, wherein said bias signal is a mechanical signal having a
displacement of about 1 pm to about 10 mm.

30. The method of claim 17, wherein said bias signal is a mechanical signal composed of
one or more frequencies within the range of about 0 Hz to about 1000 Hz.

31. The method of claim 17, wherein said bias signal is an electrical signal having a current
density in the range of about 1 pA/in® to about 1000 pA/in?.

32. The method of claim 17, wherein said bias signal is an electrical signal composed of
one or more frequencies within the range of about 0 Hz to about 10,000 Hz.

33. A system for enhancing sensorimotor performance in a subject comprising:

a wearable device to which is secured at least one signal input device, wherein said at

least one signal input device is repositionable on said wearable device; and

a signal generator for generating a bias signal, wherein said signal generator is

communicatively coupled to said signal input devices.
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35. The system of claim 34, wherein said signal processor includes a calibration module for
adjusting the bias signal produced by said signal processor.

36. The system of claim 33, wherein said wearable device forcibly presses said signal input
device to the subject’s skin surface.

37. The system of claim 33, wherein said wearable device is composed of stretchable
fabric. .

38. The system of claim 33, wherein said signal generator is repositionable and removably
attached to said wearable device.

39. The system of claim 33, wherein said signal input device is electrically connected to
said signal generator.

40. The system of claim 33, wherein said signal generator is communicatively coupled to
said signal input device by an electrical conductor, at least a portion of said electrical
conductor being secured within said wearable device and protected by said wearable
device.

41. A method of improving neuroplasticity in a subject comprising the step of:
inputting at least one bias signal to at least one sensory cell area of a subject while said
Dsubject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance to
be enhanced, wherein inputting said at least one bias signal improves the function of
said sensory cells.

42,  The method of claim 41, wherein said neuroplasticity is central neuroplasticity.

43.  The method of claim 41, wherein said neuroplasticity is peripheral neuroplasticity.

44, A method of improving neuroplasticity in a subject comprising the step of:

» inputting at least one bias signal to at least one sensory cell area of a subject while
said subject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance
to be enhanced,
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46.  The method of claim 44, wherein said neuroplasticity is peripheral neuroplasticity.

47. A method of increasing growth hormone release in a subject compnsmg the step of:
inputting at least one bias signal to at least one sensory cell area of a subject while
said subject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance

to be enhanced, wherein inputting said at least one bias signal improves the function
of said sensory cells.

48. A method of increasing growth hormone release in a subject comprising the step of:
inputting at least one bias signal to at least one sensory cell area of a subject while
said subject is performing a pre-déﬁned physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor performance
to be enhanced,

wherein inputting said at least one bias signal improves the function of said sensory
cells, and wherein said at least one bias signal is generated and inputted by a system
for enhancing sensorimotor performance, said system comprising a wearable device
to which at least one respositionable signal input device is secured, and a signal

generator communicatively coupled to said at least one signal input device.
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