8 Novenber 2006 A METHOD AND APPARATUS FOR ENHANCI NG NEUROPHYSI OLOGQ C
PERFORMANCE RELATED U. S. APPLI CATI ON DATA This application is a

non- provi si onal application of U S. provisional patent application No.

60/ 377, 202. BACKGROUND OF THE I NVENTION Field of the Invention [0001] This
I nvention relates to nmethods and apparatus for enhancing r ' gic
performance, such as sensorinotor control and neuropl astic@,‘j\&v@ﬁ@%?b(ﬁﬂ@
conbi ni ng i nprove si cal
activity and use’g%%m&yﬁyﬁfp@f [ 0002] The
nervous system of ma ERFORMANGCENd interacti ng
sub-systems. The sub-systenms are categorized and named both by their
anatomi c positions and by t st |l evel, the nervous
systemis divided into ce s F 2 8e5 systens. The central
nervous system (CNS) is corrprl sed of the bra| n and spinal cord; the

peri pheral nervgus system (PNS) subsunes all the remainin neural L
structures foungg’éﬁP@F‘H’E(’Q 158 nopgrovigienabappl lpajlmmftlh%rproml%ﬂ@atenmh%ﬁw ly
into the sxgpgd/e7A 2@l untary) and autonom c (involuntary) nervous systens.
The PNS can al so be described structurally as being conprised of afferent
(sensory) nerves, which carry information toward the CNS, and efferent
(motor) nerves, which carr R@ﬁf’ﬂﬁn YHE PVE . [ 0003]

I nterconnecti ons between af:Aeréem ana ?\;ﬁé‘rsu neﬁ?‘e@Nire found in the
spi nal  coEitldefithelnyentiorraken t oget her, certain groupings of afferent and
efferent nerves constitute sensorinotor "loops" that are required to
achi eve coor dilfefldd n’ﬁh@nﬂntmuom reldtes ftacencthotlserandr beppaatus  ffloo metlfupcing

envi r onnent any I|t| |nt . In th E¥ n
upper extrem t I'es, R)%ﬁﬁa '%mq} | es) eort%rn %rtfgf\g%ds%car hgﬁ&tg’nggry
i nformati on arqombmgng nnpmsqzﬁnnmionnﬁsemm cﬂtsahthpm—chﬁnei phiysieal axtivity and use

t enper at ur e, Q#cgmlé\g) g‘;iber 2006 and nechanical stimuli such as touch and
vibration at t SKi n surface, and position,

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 211 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 aéhieve coordinated movements in
the face of perturbations from the environment and changes in volitional intent. In the
periphery (runk, upper extremities, and lower extremities), afferent nerves carry
sensory information arising from special neurons that are sensitive to pain, tempers:



force, and stretch of deeper structures such as nuscles, tendons,

| i gaments, and joint capsule. The term "proprioception" generally applies
to sensory information directly relevant to |linb position sense and mnuscle
contraction. Conbined with tactile (touch) sensation, mechanical sensory

information is collectively known as "somatosensation.” [%}Q\Q%m%%pgb@é | zed
"mechanoreceptor" neurons transduce nechanical stimuli fro Hebo y''s

i nteraction wintdhmécheniesiwtifrtingoh aé fiueh eh&eAbrhed atSthe RRInSsukfasd, dpobiion,
transmtted g.nd i nter rﬁé&d by the nervous system Pacinian corpuscles in
the skin fird°T% %%’g% desPerotiuRtusTs cch e MUElss | tendpss.nigegents; gnhipint

i nt er spersed daps&k ght @hn - :he96 : ts . of
t he surroundi r?gs muscl e. Go@é%hts %erqgegﬁ g%gegﬁg%?ielﬁsg[eb %%go el\?/lgqgmgiwﬁtgirgéetﬁ?n
the tendon. Melewantde Vimberditiogssense ast musstlercestraatiionoGontbingd withi tactle (touch)

(I'i ganents, . SCUS C, rovi. addi tional ..i nformati Qqn _about | oinf

posi ti on. Sggnggaggn’%%cggém?%éﬁﬁ%?%ggﬁ px%gpgfég%e?%ﬁbowuawatpacqs OBr act
directly via excitatory and inhibitory synapses and descendi ng pat hways to
modul at e t he [péd4] or NEprcialived “medheropeep@t’i tsurais sangthadesmédhericalt stanuli from

mechanor eceptor .systens. [0005],Sensory cells of all .types are typically
thr eshol d- baddd ‘%Rﬁ}’fs?q‘%m‘%’t"ni &J,‘thi‘get eiomment, e flgetricd of g el g Peod
i nsuf fi ci ent tBghittderd intdigrefe bly thei dekvodd bystzh. PaBinfandBfbusf@0inthe kB Ald #0-

Such a stinulus is called "subt kr eshold,” A stinulus that is_above the
threshol d i s TESRPPSEdO" LRk proseaenMugcle spindlos) faupd naterspersed v skeletal musaler vous

syst em brai nissR] RRbriCo the B8l oPSFdtBNSF Ble subBLiESE Ml @!aivgr tERRGRae 1N
the face of demands placed on the body: new forns_of activVvity,

pat hol ogi es, S&#8 thhjgyel of forpe in &l tendoni. Frteviatva endingshinsgrustues Suniupding
changes all : [ Sk 1 I1C ﬁgp . er med
"nmotor | ear nl?ér‘]%{sqﬁg%{gﬁt%vq\? %Hé%rt 2 lfof" %\gggo ﬁ!%loﬂ‘o |sé%§bqlﬁﬂgiu3$?sz§%ﬁ
rupture of t Pemgmidh¢semesharsireceptor $ystpmseane tlafughthte iktresst dimectlyr viatexcitatdnyown

to be rich ig,geshanqre ggg uen nmedj cal .efforts such _as
surgery used to repgtlg? sﬁﬁgﬁsgg%%g %’Hg%rg@lgﬁa%{&é?/s %drﬁga% egﬁffg}:’ﬁ%’w or
conpensat or y idtraretptiontof signale fromdsites nfeohanbeesptof sykfemsnat ur al sensory
neurons. Simlar PNS and CNS nervous system changes account for sone

i ndi vi dual ' sgpk] i t g rg%sa@ QR » i r
brain injuri ([a§. iraker?h%bo ét erf?&dttﬁg%‘egggﬁ?cucpt%%l%g%{é%ﬁégﬂﬂlt%gﬁ%whgrt\]}%us
systens are S@pREs to acenspy sel iic of insufficietitnmaguipidesthe well ovill g sactiv@e 8nd
A EL Zooﬁegiﬂ signaling. Such a stimulus is called “subthreshold.” A stimulus that is above the

threshold is calied “suprathreshold.”

[0006]  Connections within the nervous system—brain, spinal cord, and peripheral
nerves—are highly changeable in the face of demands placed on the body: new forms of
activity, pathologies, and injuries. In healthy individuals, these neurological changes
allow for the acquisition c-)f new physical skills, a process termed “motor leaming.”
Following certain types of soft tissue 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 s 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.”



[ 00071 Recent research has established that afferent (sensory) activity
fromthe periphery is one of the key drivers of neuroplastic changes in

t he nervous system both in the PNS and CNS. [0008] The present invention
focuses on mechani cal sensory neurons in the periphery and the role they
pl ay, specifically, in sensorinotor control and in inducin neur o I C
changes in the nervous system In this invention, we conbi%é“ﬁ?ﬂg@Pg@@}

nmet hods of inproving the perfornmance of individual sensory cells wth novel

nmet hods and QT at BRecest 1@5darcVBasi dsRblistedBhats affdrert aBoryYDictivity droor the and

neuroplasticity. . Inportantly, the nature of the inproyed sensory cel

per f or mance i FEHPHSEY isipne gk therkey dnvers o aeqf%@%‘mwﬁt%gg% E“Fﬁ’oéﬁ\?ﬁ%ﬁ@ht al

stimuli is ingsaRPRE ddd @¥%.i nformation-rich fashion. That is, the

i ncreased sensory cell firing is concordant with |inb function and hence

is not gratuitous or uncoordinated in nature. [0009] Electrical stjnulation

of tissue has [BU8h ushe pssentainventiont focsep e imzechanigab ossasory neg sy the

stinmulating : b M eying.:eand,: ' 40n: o The
PR B e iole 5 R, ERGID, (p bR oiof BIF B afibing 17

sequence of e [ ‘
i ncreased, geswrplhite flehgavin the matvber systei. dn ghisceydntion wé cambinieeprior jatal

senseton Yot b SR e BOrRRAER) SoRoRReR0Rny VERCHT Sh0S, .

(r)]r cardi ac g_r mh&taiap&bl &8s ltci eage\}e infpréemep Sih , sefisOringudo JEé@Fbr hﬁc_ailne\mph Idtioitys
aving an adj ysta pyl se duragtjon, intensity and pul se w (t av en
Robl ad o a pRpeatyoibeRee of theBtoravi penoa el pertbinance, i, et HAFEbs < o
suppress pai n firinh &8t inCREpINBY @ RhidbRARD ¥imEK GE ifedséPin afli iffdrAdedd-rich U. S.
Patent No. 5,487,759 tqQ Bastyr, et al. has_been used_ for .q%y[rpt mat,i c

relief and maisBioReriatds, tninsrreeed spRoty el fymeals canprprdmt M it ¥Reton AR
pain and for pemdiucdoR Sk Or Gdobidfiated @ndt@re. t Ne retardation of atrophy.

[ 0011] Stimulation bel'ow perception levels (i.e. subthreshold stimulation)
used to enhan t he _function of senggr_y cells is described.in U S Patent

Nunbers 5, 782 19098 o Flecirien ostigplatiop e, tipsusshas; heene ypgd: dore yations hegpedfift ch
ar e incor por ab@%om! iHcPhBHE REBulatif) hhRR acBViBS }MF?aﬁ?Mo%Q@@ﬁﬁahus
{ Y e ecti ve Yy

for inproving e function of sensory cells_ b Ioweringeaheir

threshol d of TP fesgenasrefeatiepts perdyond: by eledtrinels simplationa £F B intepsity i jugeds
signal,” is i pgiallyJolidfs a?aﬁaﬁmawc@ﬁiofh?wm Ri&dicaPrfastioh tadhedstaging),

firing, wthout actually Causing it to fire. In one preferred enbodi nment
the bias si gnéh ifcEease imsensation, fasciculation muscle contraction, pain, and then injury in the

form of electrical burns or cardiac arthythmias.

- [0010]  In the past, pulsed electrical waveforms having an adjustable pulse duration,
intensity and pulse width have been applied to a particular area of the human body for
therapeutic purposes to suppress pain. Electrical waveform therapy, such ss that
disclosed in U.S. Patent No. 5,487,759 to Bastyr, et &l has been used for symplomatic
relief and management of chronic, post surgical and posttraumatic acute pain and for

_inducing muscle contraction for the retardation of atrophy.

[0011]  Stimulation below perception levels (i.e. subthreshold stimulation) used to
enhance the function of sensory cells is described in U.S. Patent Numbers 5,782,873 and
6,032,074 to Collins, the entire contents of which are incorporated by reference. Collins
discloses a method and apparatus for improving the function of sensory cells by
effectively lowering their threshold of firing. Briefly, a subthreshold stimulation, or
“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



8 Novenber 2006 broadband signal containing nmany frequencies, often terned
"noi se." Since sensory cells are typically threshol d-based units, |owering
the sensory cell threshold decreases the |level of outside stimulus needed
to cause the sensory cell to respond (i.e. fire). Thus, the sensory cell,
in the presence of the bias signal, is expected to respondgt |
Intensities that would normally be consi dered subt hreshol dStI\?(;ov,?h‘lgang%t?Sm I n
the absence of noise. Both electrical and mechanical nodalities of bias
signal, used itroddbantlisighsl containing canyifregténoies, nfisn bemed ¢doise” Sificctensone

| owering of se n n,, def I 0 t.hreshol d,. SUMVARY T, | NVENTI ON
[0012] T preRorFdIPEHEo AR o Spiti R e SEnse ool BRABOIG ryeeses
sensorimot or thelekelrofenkRle stimalus WBded to GASIRE Séndtry RRY fesptshddi.c.| fF Thide

bias signal to, at | east_ _one sensory cell area.of a subject while the
subj ect is perthosasery Sllpinctheprasence of teshiansignalcisiexp i iespopd jtp jstrpgus

sensory cells juehdiidd tﬁil‘%wo%?&‘;g&hﬁﬂlgﬁé &@&%ﬁ%{@ﬁ 5‘??‘% erﬂ'eﬁx?ég Y 9k ablelcd Ee

sensorinotor performance to be enhance S signal |
accordance wi tof npise.sBoth telestticahandf mevbanical myidalities ofdnasosignat; elsedindéviduafly oved.

In conbinati ' sical, activjt ancenent s.t o sensorinotor..
performance r gguwb%aﬁaﬁ’aﬁ%gn%en%ﬁeh ég?cﬁa eégo'ﬂ% Of HERBt HEY OBy E%%téon
present i nventthmsholdicl ude, for exanple: inproved joint stability, inproved
gait, inproved bal ance, inproved notor |earning, and inproved notor skill.
[0013] The bias signal applied to the subject nmay nodul ated in response to
a neasured physical variabl e seRMARY OF THRINVENTION'e body segnent of

t he subj ect ibj@lerg the pre-defined physical _activity. The physical
variable is s ed Pagiriegrd embodimeatsprowided) jssd methed of prliapcing sERReRMSLOT o
accel erati on. pifembinds irf b $G6ject EYnpALRE iRt Ukt Bde fs Yl ioP BY 1 bhe t he

pre-defined activity. In a preferred enbodi nent, the las signal 1s a

mechani cal or S&HoR &l free of aspubies) whil theprublet iscpprivroingas ngd physical

mechani cal si & o ﬂ:’%cs .

rrechan: cal S!s?g?\‘g s‘*’lﬁg}?gre e}gr%ﬁ?y[c\%ﬂfﬁ?lﬁht es%%%%%?ﬂ%ﬁ%%ng&gﬁ%ut

1000 Hz. The d&uthe sensoximotart performaice ciorbec enhagtesh By inpittinge ther bissysignal ime
f ab . 402, f .

range of ab0Uluochrdbhis? +i%h ARRUIncd 9 e AMEAR: of e ‘SEEAHPIGH: G iblifoved. 1n

el ectrical signal Is preferably range o t 0 about
10, 000 Hz. 4 combination with physical activity, enhancements to sensorimotor performance resuit.

Enhancements effectuated using the method of the present invention _include, for
example: improved joint stability, improved gait, improved balance, improved motor

U

leamning, and improved motor skill.

[0013]  The bias signal applied to the subject may modulated in response to &
measured physical varisble messured 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
modulated 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 sbout 0 Hz to about 1000 Hz. The current
density of electrical signals is preferably in the range of about 1 pAfin® to about 1000
pA/in’, The frequency of the electrical signal is preferably within the range of sbout 0
Hz to about 10,000 Hz. ‘



8 Novenber 2006 [0014] In yet another enbodinent, provided is a systemfor
enhanci ng sensorinotor performance in a subject. The systemis preferably
conprised of a wearable device and a signal generator. At |east one
repositionable input signal is secured to the wearable device. The signal
generator is comrunicatively coupled to the signal input d

I ncl udes a power source, a signal processor, and a control?i%ﬁg?ﬁgp%ggha
generator nmay be repositionable and removably attached to the wearable
device. The sifgeRf] PTACREARIher BRYodM&ILUHEvided Bl H5tekl w&dﬁaﬁhﬁgeﬁwﬁmotor

adj usting the bias signal produced by the signal = processor. The wearable
devi ce pref er ®§Tiprmagee imp subjack Jhe systeme isqirefarably enseprisedof & wearable dgvice an

Construct ed | PonPeL ERrah Ar b S tendeord BB ARURAEL ok B GeSytible |

i nput devi ce ideviet.dhersignal generatd i@ainahitativelyecospleht the cigealanmit deitreantbans

by which the signal input device, i el ectricall nnected js preferably
housed wi t hi n NG & PEMEh§oseoR gl RSSO Ed Agohtilich the Tenshgetir gl
devi ce. [0015)belrbpositidelbile Qi fethoviBly SR Hed RHE WeaRibR ddvRef THe @ processor

| nprovenents in neuroplasticity and an increase _in growh hor

producti on cafayenglede 8 vakibratioogodulrefor gjusting Hiecissyignes produend %ﬁ@%ﬁ@%nt
I nvention. BR c&%%e@é@ﬁgﬂé&%@?ﬁg Ngﬁbfy%&@ls thb ﬁﬁzal ihpht Befiteqpikdar t

of a method for_enhancing t i on sensory cell; [0017] FIG 2 is
a flow chart ¢nbigctisskimshrfsbe.| Tacthisiend, the vearsble davicg is prefaldy cpnstructed fromy

fl ow chart of 0 | Dl RSe, St r%é ]'iE] : 00 = '

schemati c depisgfﬁﬁo?abgicg%g'?g%gi%éfq%gﬁﬁanc| rig{h?h u&%’i&fgﬁwg?wafheg%ﬁggy
cell; [0020] EbBBcHA-t6Chedigml gademtoraThe yseéanm Hyowhishhthe sigegl gt devienisr

per f or mance; 0 2% Fl G s IlLustrates . a signal n t qka e
present i nventeieg%;cg] yO(f?ET s ]?mt’ﬂ%b’s?'?}ﬁegsw@vst,a a*‘BFg‘gafg';\P?é’g‘?‘ as 3’ethe
enbodi ment of strhehup b€ denbeardble/deviceon; [0023] FIG 8A-8B illustrate wearable
devi ce, as another enbodi nent of the present invention; and [0024] FIG 9

'ITustrates agi@pal hREk8S HoC uftbvda SelbRZRRT pAYFHAEAQ!: improvements in

neuroplasticity and an increase in growth hormone production can be achieved using the

method and apparatus of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[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 method of locating an input area;
[0018]  FIG. 3 is a flow chart of a method of generating a bias signal;
[0019) - FIG. 4 is a schematic depiction of a system for enhancing the function of a
sensory cell;
[0020] FIGS 5A-5C illustrates an system for enhancing sensorimotor performance;
[0021]  FIG. 6 is illustrates a signal generator of the present invention;
[0022] FIG. 7 illustrates wearable device, as one embodiment of the present
invention;
[0023]  FIG, 8A-8B illustrate wearable device, as another embodiment of the present
invention; and '

[0024]  FIG. 9 illustrates a signal input device of the present invention.



8 Novenber 2006 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0025]
The preferred enbodi nents of the present invention provide a nethod and
system for inproving sensorinotor performance of humans, non-hunman nanmal s,
and non-manmalian animals, hereinafter terned "subjects.” Inprovenents in
sensorinotor performance are nmeant to include inediate o ts,
such as inproved dynamc joint stability, and nore durabl g%ﬁ’#h@??é@c

woul d result fr g PeH £ eS¢ ERIPAONOSE THE PREFE

conprises inputtTng @ - 5 0 : 0 SE s 0 s ] ,

to inprove th cti ﬁﬂé% : | '
their threshg?é?ggf f|riﬁ%f&;v%ﬂi gﬁt e s&gﬁgc#é%%éﬁéﬁﬁ]b%ﬁﬁcﬁeﬁeﬁ%gﬂd
phyfsi cal OIact | wystem fotcimprgving sersarnith "Mmpdrhmmcihhfgiumngmem-gmmgnmm and a
preferred apparatus that conpri.ses wear . devj.ce and ot her .

el ectromechanf"¢ Bjm%ﬁ%t?ﬁew%ﬁfﬁﬁfﬂ%?‘&%%e@b%ﬁ}%n i v_gﬁ’&“ts 8BE ﬁ?sgn%té’ﬁ s of
SRR TR v g s i Gy
sensory neur oAoint ﬂg’élftﬁe?ndg‘?‘@@tq?‘r%éle fts apwadireslt fom H%%F&H%‘SPC iRdh&f or m
may be peri odipis aPENSOU e mel6d Shfpries bt - Slpae RaTistissty GBS HHBY
contain one or many frquen'(l:li es. [%%26] %‘Fﬁgl%’e?% a%%:l S ssjt eﬁfyaccqrdi ng to
t he plref e{red%‘ﬂ%@r?éﬁ?gﬂmwﬁﬂ@f;:ﬁ?@f@ﬁm?ﬁmggséwe ﬁi?lpmmwll
exanpl e, to ephadfp @p@zﬁ% H;@% ; g]%@a S

as in individuals \%ith di'sSor e(rhge, g’fggteégg%gkghrl /or |%?B$){ges.ngrﬁ&'%§§ﬁp\iﬁe,

t he nmet hod andonjynrctiom with| this prefrresd methed as tah preferdidy eppacdtes that | eampgseso a

| earn a neW@R&F L, ' | | et Vit y.
I n anot her exanp {eﬂ,estiﬁzhk’{ecIe aﬁé;é odag‘r?&}%gﬁsﬂtng% %oggﬁsﬂd{eﬁg ‘%%Bf"?’&eé&"t%d’?’f‘i@%ﬁﬁgm S
wi t h el evat ed seexsmesnst dfidetineaingshobias sighabto the ynbjectgis atedchesfin rthe teom [ bimsc h
as mght arise, fr@ N ripheral .neur.qpat hi es.. . strokes. [0027
FIG 1is a f%ﬁ%&c %?D eogk?oﬁe’f’%@cf i P’?ﬁ?}gﬁg’f‘ﬁdﬁsﬁg‘“ﬁéﬂ%h %ﬁe'(]ﬁ"’[an ory
neur on accor diwlgthenelecteicalrdy akichmiidal infnatune whoes eatvefotiv may be periddic,spejpdid)?,
an area asso ie%t e.d.with t he enso% cel l \A,hngse function.is tq be enhanced
and to which RS gﬂ'tfﬁ’:ff"qegmws a'?‘ﬁﬁ@fc‘? a1 One PLANYAEAPRASS o area i s
hereinafter referred to as the input area. Once the input area has been

| ocat ed, the WWES]si Jite miethodemdr gstenh acvosiimg td Qe plfared embaiivent OF, thehe

PL e 30 BB e e PR EARGRS RS S5 HRAG UF pe
individuals as well as in individuals with disorders, diseases and/or imjuries. For
example, the method and system could be used by healthy individuals striving to learn a
new motor skill, such as might be required for athletic activity. In another example, the
method and system could be applied to individuals with elevated sensory thresholds or
other neurological dysfunction, such as might arise from aging, peripheral neurcpathies,
or strokes,

[0027] FIG. 1 is a flow chart of a method for enhancing the function of a sensory
neuron according to one embodiment of the present invention. In step 102, an area
associated with the sensory cell whose function is to be enhanced and to which & bias
signal is to be input is located. The located area is hereinafter referred to as the input
area. Once the input area has been located, the bias signal is generated in step 104: Then
in step 106, the bias signal is input to the input area so as to effectively lower the
threshold of sensory cells with which the input area is associated.



8 Novenber 2006 [0028] FIG 2 is a flow chart show ng one enbodi nent of

| ocating an input area according to step 102. Locating the input area
depends, inter alia, on the sensory system whose function is to be

i nproved and the method by which a bias signal may be input to sensory
cells associated with the sensory system Step 202 is a prgli r pin
which an identification schenme is undertaken to identify §P%§?Bﬁ?ﬁF§@¥
sensory system whose function is to be enhanced. The identification
scheme, to so[0828jxt eFIG. d@peﬂdﬁr @arttshmnngmeanﬁioﬂmobftd@etmgwdmunpﬂuma That
Is, this stepis simlar to a ugghOSIS t he . indjvidual ngd not

be suffering 1¥BHEl9 StipdZdocs "s%‘PH‘eﬂreﬁ %W&E%W&h??@sm@ﬁ Renment
process cont egRbRARHBAN 'ﬁé‘}? y whith STl B behputwbose
function is to be enhané@ggflsnllﬁgﬁgéa%ﬁgs %tﬁg??on hag%gdge%]degrgdegipu

di sease. [ 00seppory actlsrassdciatadrvethi meseamaymm Step M2 is & prelimjnary §teprit wabe
enhanced is o tiaons ne t g]q.ls,g riate
way of mputt%g clagstHE? lsun en 0alrdge[el ﬁg %’ér&é sgycggo mﬁ ned.
The nost apprﬂupcum)txetm rbpwhhaﬁealnfhdmﬁﬂ&mﬂ sahexmtdomma)éxtém,cd@pmds ancﬂudl ng,
the target senso ure of, the .transducti.,on te the
target sensor$P %P%ﬁ?%ﬁﬁ %Pg’éﬁiﬁ[.h"ét‘% 8 {;Ptlﬁémtﬂ;fg"ef dg’gﬁ%%/j‘

(i.e., whethipdividual Se¢dhetl BeShfRfing muﬁtmwsdﬂseswaﬁamanﬁd be s&bﬁ:ct hetheat ure

of the si gnal ich is to be det erm ned qt?ﬂ nplitude and freel%uency
content of thEHERGRERY ProcassutonismRipted PWS‘EL é?é’“&p‘iﬁ‘i‘ et the SEREQTY SV

Ci r cumst anceswhée fitiéBon i b2 bfhaRed 10 ond WRUAE flnlclibh Béh Hebh deghdticdbycdidehss.

i npl ant ed el ectrodes, surface el ectrodes, nuscle stinmulators, tendon

stinulators an netic field stjnulators 0030] Once the
appropri at e |W§ - ﬁ"n%ﬂ W%F%W%E@%@ﬁé%“@bﬂ’]m%%ﬁﬂh?ncearlt'e%f‘e&at

det er mi ned i nfuséteis 38fnally) ttapw e RbstaPpiopRbie WiyST iblRIRETES b sdghel thane

factors as the determ nation of the nost appropriafe i nput neans. .The
| ocati on of t ¥ targshpRRSORy wyatemiin,dptcrarined, The mostiapprogriya inprtmEans GeRRds Ofdans

dependi ng on, mARRAGE HAGE indiRL i téi‘EEfEélﬁBryt cﬁlaﬁﬁeﬂanﬁ@%?%é’u%i{sﬂﬁ&md s in

any way dysfunctional, the cause an ocatron of any such
dysf unct i onal §ystgm f%@%%%msﬁmﬂemmm@fmemew sy,

speci fical | y1whéthéltq¥§£ 'o?ﬂﬁJn e s Py syst mmg% i

sensory cells iIs prese necessary to

| ocate the iriplbe dateealr@ddb,gt ﬂatamphbldebn&ﬁ'eslﬂ@nﬁbom Dfﬂlfpglﬁl)t rumgansc a|
carrage cauS! gyt e S OEHERA A5k b EHELL e BR0Hy Bl Tt

stinul ators, may require invdsive procedures
whi l e others , negvey cvﬂ'Suuhplanmélmddessmfa@qulmotth wuscle - stimlgtops, tendon

procedures i Ssuﬁhﬁg?organd magnetic field stimulators.

[0030]  Once the most appropriate input means is determined in step 204, the input
area is determined in step 206. The location of an input area depends on the same
factors as the determination of the most appropriate input means. The location of the
input area, however, varies for a particular input means depending on, among other
factors, whether the target sensory system is in any way dysfunctional, the cause and
location of anyy such dysfunctionality, and the nature of the stimvlator to be used. More
specifically, if a dysfunctionality caused by some physical damage to sensory cells is
present in the sensory system, it may be necessary to locate the input area such that the
bias signal will bypass the physical damage causing the dysfunctionality. Further, the
fact that some stimulators, e.g. implanted electrodes, may require invasive procedures
while others, e.g., surface electrodes, require only non-invasive procedures is also a
factor to consider.



factor to consider. 7 8 Novenber 2006 [0031] Once the input area is
determ ned and the input neans installed, the bias signal to be input is
generated. FIG 3 shows one enbodi nent of a method of generating a bias
signal. In an initial step 302, the bias signal is calibrated. That is, an
optimal level for the bias signal is determ ned. Dependi ng,qn.th

determ nations of steps 204 and 206, there exists a partigﬁﬁgﬁnﬁgF%Q%ﬁ

bi as signal for which the signal detection ability of a given_neuron in

the target senf8PU sySQmepnthesinpy sramis detamined sad. theanput aneansp linstallgdpthe bias
signal havin t 4t kN egde 1 ned L al I se
togopti mal eghgg]g%@ntgéw ﬁ%rggﬁr%n "he p.ssit%13%%2&}%#%@5%%%9{%%%% ers
of ht he bias sggnailﬁsggebinsrsigmﬂ Ijitvhhliniﬁﬂ sﬂaﬂjmsr;iﬂ Hig sli;ginl Bv&lib@ltddnﬁhat is, an ]
enhancenent. EX S si,gna ranet er the bia i gnal that.na e
calibrated ar eolii%‘?l??vﬁgﬁ’fﬂ?h’ ﬁ@ﬁ‘gﬁ? geﬁ"f‘%‘a B(eﬁf"g!ngtﬂ“a‘gﬁ ,ﬁet L ngntsyf:stqys
variance, freq2enmd 108)stexistPd PariAR& ol ofBids Sighs Thiswhich thd Sl dekddon

Calibration is t,%{pi cal ly acconplished prior to installation of the
enhancement  s3ENOhLALivRRyNGIEoD i dhenisrget [sensoryh System tit optimpllyemhanced; For

ennancenent oycrain & b 18fng piraffice Vh cOid R AR TR il TN

enhancenent systemis inst en it Is
enhancenment sysitecmoptimal enlgneamest Galibrtibn belpe teeersure shatecethintpasamétersi yf the

that calibrati : gmli' on: i nyvasi vel.y., 10032] | e

enbodi nent, th@gsc%ﬁ{%ggﬁ?%ﬁ I S %ggg%p“%}f’@% e;yeio h%ﬂ Fﬂ]&ng']ﬁm?ng'pﬁgam%?gonfal
of interest tosignatpasmeterc of theddarpsigich! What Imay e edibsdtghade gmsditwdbe drelyentine
enhancenent sy he. response of. t he_sensor ell.to,the i ned i nput
o Fecorded  ORED il ERRRIS i FRGRoK Ynanith e SPmel ARG
That is, the Liﬁ@ﬂﬁalb_ eC@ﬁbﬁtitﬁ;istﬁc@ﬁipd Hﬁﬁﬁﬁﬁiﬁﬂlﬂ&n?fﬁﬁﬂmﬁlc&heﬁh
interest in the bias signal is nodqul afed. [ the recqrded results, the
coher ence bet vi¥&T™% ﬁ%dsé’g”r% ﬁé‘ﬂf%tgﬁ %Wﬂgs the, gement \WEFY 15| |
i s then char achslledelf dalibaesiisitd Bite PREPwRIRARY efhahbéier Syst&f isGhSEBed, then it
correlation coefficient described bel ow. The response_of the sensory cell

is maxinmal |y 184fsirbledo ingall the enhagernent sustem ans i itacesssibls fram the  outside of the
maxi mal I'y enhag@g@o tHa€ SalfRaton tody R AL PHsled HAMBvasRelye Oor range of val ues

of the bias signal paraneter of interest that can bé determ ned by, for
exanpl e, exam nj a record of the hias_signal. Thusg, an optinpl val ue or
range of val ue[@h%r tﬁ’eoﬁ%ﬁ‘a Foty fbe; ‘fﬂ‘@?‘g‘é‘% ’%F@WBﬁ%ﬁ%g’Ys&@‘ﬁc“ gndnput
determ ned. Thegnal @f cififer&stito DE se@BAACEN cbsiled At @l bia¥ Rignab ipgddiced ¥R dthe

par anmet ers of

enhancement system. The response of the sensory cell to the combined input is recorded
as a function of a parameter of interest in the bias signal. That is, the response of the
sensory cell is recorded as a parameter of interest in the bias signal is modulated. Using

 the recorded results, the coherence between the combined input and the response of the
sensory cell is then characterized by computing some measure such as the cross-
correlation coefficient described below. The response of the sensory cell is maximally
enhanced when the coherence measure is maximized. This maximally enhanced
response corresponds to some value or range of values of the bias sipnal parameter of
interest that can be determined by, for example, examining a record of the bias signal.
Thus, an optimal value or range of values for the parameter of interest of the bias signal
is determined. The process can be repeated using other input signals and parameters of
interest thereby determining a bias signal with optimal parameters for input signals with
varying peremeters, "



I nterest thereby determining a bias signal wth optinmal paraneters for

I nput signals wwth varying Paraneters. s 8 Novenber 2006 [0033[ According
to one enbodi nent of the present invention, the bias signal is optimzed
by exam ning the cross-correlation coefficient, Cl: S2(t) where Co =

SQR(t) [00341 where S(t) is the input signal, R(t) is the t e

sensory neuron or sensory system (e.g., the neural nean f?ﬁj%\%%gféoééﬂgnal
or the neural spike train), and the overbar denotes an average over tine.
S(t) and R(t) can be neasured with_any appropriate, trapnsduycers, for, .
exanpl e, a neld9PY el Sccordias tongpe smbodigent BPFPé‘aETG?e@t i‘?’fg“t‘%ﬁ%{“aﬁfs‘gﬂﬂn@uron.

Maxi m zing d : &pwr@ip < f Wasjpd e between the input
signal S(t) a%@gl':n%e eél}érg]gln %{ﬁt&lgu@t E{t&t&%gm\égflgg?of Cr for a given input
signal will depend upon the paraneter of interest of the bias signal. Thus,
a bias signal having paraneterg wi | ce the desired output R(t)
may be deternined. [00351 The ré'sul e | brati on process may be
utilized, for exanple, by nodul at g()c TE‘% ignal in response to an

i nput signal or by determning a set of parameter values which, on
average, will achieve optinmal enhancement for any input signal. In the
first instance, paraneter val ue¥*¥6r the bias signal are, for exanple,

t abul at ed agai nst paranmeters of the input signal. Upon occurrence of an

I nput signal, certain paranet eﬁs&m i nput signal are nmeasured, and a
bi as signal having correspondiny ter values is generated by, for
exanpl e, referencing the tabulated results. In this way, the bias signal

is modul ated or optim.zed for each particular input signal. In the second
i nstance, a sl aﬁe s&he’i?fs(ﬂa‘ﬁéh%%PP?&‘ﬂeg(‘iA‘ﬁWWq‘ °§gli‘ﬂ PO ot oReST
enhancenent f Qihsdfpsystérh g8 the héurfl3h & fiRGate RikmbISd hd Keugd Bsiketrain), ahd e

signal which is tor use In response to every I.n 036] After.the input

i ut. [
devi ce has be®Yrreas| deppiss can ayraegenayes) fimet, Sith a8 ROn5wH broRtasured, With ARy
signal to th Epp?@ﬂﬁa@uéédg&l-se%e& Wi febd1B 1B AP e uled B intbasid e Wi t h
FIG 4, one enbodiment of a system for enhancing t he.?f unctjion of a sensory
neuron i ncl udedtputef a neuron. Maximizing C; corresponds to maximizing the coherence between
the input signal S{t) and the neuron’s output R(t). The value of C, for a given input
signal will depend upon the parameter of interest of the bias signal. Thus, a bias signal

having parameters which will produce the desired output R(t) may be determined.

[0035] The results of the calibration process may be utilized, for example, by
modulating the bias signal in response to an input signal or by determining a set of
parameter values which, on average, will achieve optimal enhancement for eny input
signal. In the first instance, parameter values for the bias signal are, for example,
tabulated against parameters of the input signal. Upon occurrence of an input signal,
certain parameters of the input signal are measured, and a bias signal having
éonmponding parameter values is generated by, for example, referencing the tabulated
results. In this way, the bias signal is modulated or optimized for each particular input
signal. In the second instance, a single set of parameter values which will achieve
optimal enhancement for most signals is calculated and used to generate a bias signal
which is for use in response to every input.

[0036] After the input device has been calibrated and installed, in one embodiment,
an input signal to the neuron is detected. As will be explained in conjunction with FIG.
4, one embodiment of a system for enhancing the function of & sensory neuron includes



8 Novenber 2006 signal detection capabilities, for exanple, a transducer
and signal processor. Thus, in step 304, input signals to the neuron are
detected using the signal detection capabilities. [0037] Once an input
signal is detected in step 304, a bias signal is generated in step 306. As
expl ai ned above with respect to the calibration process, t%‘?\l@eﬁ'ﬁ)e?b@é@l
has either paraneters which are nodul at ed dependi ng on certain paraneters
of each input .signal or a constant, non- nodul ated, set of parangters.
whi ch are desi%&?@ﬂdqt?fﬂaﬁtcﬁl?ﬁmll% igh esamede. & wansdycer 284 Stﬁlﬂé’feg?ﬁém- 1P in
response to mMagd 3 ' furén B4 | gn' BOd -cEbshilltat ed
set of par anetersgoia’gﬁglgggéﬂﬁhiﬁeg song\%ﬁgﬁeéﬂgfgﬂng#%‘rmﬁput eﬁggg?éﬁﬁl S used.
In general, the nature of the bias signal to be used, that is, nodul ated or

non- modul at ed9037d perfdrcesn inpws sigoal iy detested:in stepAd.or Yiassignabin gemeputedinB¥Rced.
Once the bia i i L slsS o | 06.
[0038] I the Senad eiefef SBEIA Al respher 13 hERhorbor PRAS Hbing Rl at’)
in response teitherrmrabedters which oé nadulated depandimpbn tertdim pammeteon of leachdnput
alternative enbodi nent fter the |npu evi ce _has, .been cal i brat ed.

Mstal ted. a BIEE Qa et bt motRiatsdors) of GURBRR o ah e crganed §° figRiS
neuron. That iepharea therfibiétioni FAaknseGORIINR kesPeRA th troEingiisimbid If a birs signalt hod
according to this enbodi nent, the bias signal is either nodul ated_ or. non-

modul at ed. | f DEKES 5 BA-mogpiated;set phaatemetsrs 1% psed: . & SPPWRRL SIPIG ARGt ed
bi as signal i systeRabsRl R feferdt HenhRoPHO bias sififNo DR v tHat $4, Hsdulated or

detected. If a non-pmpdul ated bias .signal is used in this enbodinent, then

a sinplified MApuRedyaied deperysion thesunture af thegrensons swstrm ke nhgneeh dacgthe
nmodul at ed or R« {PRAUS BLSelat 5%3&Rgﬂr}glgldér§f]}%o ggfg.ﬁgg@_ds upon, inter alia,

the nature of the systemto be en n anot her enbodi nent, a
di stributed enhancenent process is used. In this enbodinent, the

enhancerment pl¥B8ks desthei wekpdimmisedessribaddpipqved ashiat signalt is spgdaeed eplydm i s
gener ated and réioite 1§ theWRACARR of igptﬂlrs%?ggttﬂeﬂ&n‘dn(? brl R EndtfeSeriBdintng, 2N

array of sensory cells an e a distributed enhancenent
effect. In thieBergthstinpus dewie @hhﬂc@%ﬁmﬁs!}t@t@ﬁﬁﬂﬂ% agbies, signalj ishegatigpously

conti nuous or oPARscPM ] %%P%"%‘P t JEO k3L %q%uﬁg@%l}lddgﬂwn@eﬁcbmﬂae&wpal S

may be used. Es one exa e sensdry Inct’ of the wurinary tract
i s to be enhahtaanethodmceordingytocthis smpobionent; the biay signalisrsither phodnlsied pimered

(00407 Cne. enBoaiemdrt 86E 10 iR hORIGUE thepthd ARTRABH R ol 22

met hod for enmodulated as desdribed shove, vdienan s sigyal iedetested. ¥ axmowmddulated Biasq
signal is used in this embodiment, then a simplified input system may be used. As
discussed above, whether a modulated or non-modulated bias signal is used depen
upon, inter alia, the nature of the system to be enhanced. '

[0039] In another embodiment, a distributed enhancement process is used. In this
embodiment, the enhancement process described above is modified such that a bias
signal is generated and input to neurons at a plurality of locations to stimulate an array
of sensory cells and thereby provide a distributed enhancement effect. In this distributed
enhancement system, as above, either a continuous or non-continuous, and modulated or
non- modulated bias signals may be used. As one example, if the sensory function of the
urinary tract is to be enhanced, a bias signal may be input to a number of distributed
points around the bladder so that improved fullness sensation is obtained.

[0040] One embodiment of an enhancement system 400 for implementing the
method for- enhancing the function of a sensory neuron is shown in FIG. 4.

10



to 8 Novenber 2006 Enhancenent system 400 conprises a transducer 402, a
signal processor 404, an input device 408 and a controller 410.
Enhancenent system 400 operates on electrical signals. An input signal to
a sensory cell is typically initiated by contact with the outside world

whi ch contact is generally not in the formof an electrica I gnal .
I nput signal mght be initiated by, for exanple, a touch, W%@U@ﬁéﬁ@kof a

body segnment, a sound wave or |ight One function of transducer 402 is to
det ect input Enhsmebmentisysteni40 comptisestastrasdiicerc4iy e wignhleprocessonct04; an input

enhancenent syst.e 00 .general ly si gnal, pr.oc or 404 eci [ cally.
Anot her funct WQO%tW%ﬁﬂgéﬁ“ﬂégrhd@chm%ﬁgm%g op ﬁo%%gﬂe'ﬁlfhigﬁfl?lﬁ'ati ng
contact into &nsihﬂii%i]gliaﬁtoaa deRSdFy CEIRTs tgﬁcu@aﬁaﬁete@byeﬂﬁtamﬂmem ouysidearoriin0.
The nmechani sm used for transducer 402 depends on the sensQry system

targeted. As avhichesenian! is genqrally ot in thetformy okanselesticat sigpalngn inguy sigog might
enhancenent, gm&] i de
or an array o?’%‘??ﬂu#gfﬁ tﬁ‘gg’%@?’ rat(ﬂg" g%ﬁ%‘gée‘gb?% bﬂ?;ﬁ%& Vi c?hi%ng%gpear.
As anot her exdight ©neifinctive qfitamsdweresldd iscto sigtckinphtssipesl ngjtiating gentacts dnst

enhancenent, tran cer 402 is.a tendon | | t f a
pi ezoel ectri cc?&a?ﬁggeugg?t?%i Ws?m‘g&egfsg’?e%nagﬁée%@%%we@sg %ﬂ Irdozg%\sé&[fwoo‘g

t endon or par ificatiys CArotineg Fondtioh @fl trahddincdr 402 setos@hyerc el inputsigasl ihitistiig on
is to be enham. As still  another a.rrplets i.f the vi birr@tion or i ch-
pressure sensSPRAH BPsAcHenal iget %""{éﬁ"ée’f‘éﬁa I By fﬁ%ﬁ?@ srstem ARG oThe,
402 is a surf aeeehaisar wi@lfori thmbdickeao deb be theOM@kory kgstelai farg@éd. Aicamr ea

of the body containig the cells to be stinul;,ted. Such an el ectrode is

attached usi n§*¥RI%iibihg suditery syviem a3 bsing istested fppenhapcsment, wapsduoer ¢ A% sor
404 produces gaRitSosh 908 ktitQlalif bEdHIde bPad HfayTERERIMISY SbAFodek afrgligb®th f O

enhancenent through input device 408. Signal g_?r. ocessor 404 is electrically
connected to thealisiiiy et theoear Ap snothes, pxample gif dbe) Proproceptive sydtem is/eing

di scussed abo 1Y Hégr.,g Qﬁ'}nﬂ&‘é I %ET THAURnEmARRE 6PREY HEIOUS
and nodul at edY%‘Ct%ofﬁ{o_rm ul at ed. Thga?grgg%?ﬁ%i gnal processor 404p‘8e%ends
upon the desi nauiezbeleatiiotransductsi installed ghatiached Vie elgstindsizapsito £ fendoa or parent
enbodi ment, wher ' He%s:f ' i chbhrfiEd| :
signal pr ocessorsaﬁ fag{ra{e%gga%ﬁgpl nc %S%QL g%'ts% g’!”g‘?}% &d%tnlgéct Lon Aot
capabi | i ti es amthdrguimpls, ifdbe vibcaion lor téuch-epressoresiensation systgme i beipg kageted or

the bias signgl..nd t ' Foete t < ?%q ed

bi as si gnal igér esl ?%@?&S%sgﬁ&pg&ofggs%@é%g%ﬁg%es no neﬂgg@%ﬁ?}' y lr"stecgti re

si gnal det ect pHthecapamboif|the body ammaihingkthasells to be stimulated. Such an electrode is
attached using flexible electrode/skin interfaces.

[0041]  Signal processor 404 produces a bias signal to be input to the sensory system
targeted for enhancement through input device 408. Signal processor 404 is electrically
connected to transducer 402, input device 408 and controller 410. As discussed sbove, a
bias signal may be either continuous or non-continuous and modulated ar non-
modulated. The form of signsal processor 404 depends upon the desired form of the bias
signal to be produced. In one embodiment, where a non-continuous, modulated bias
signal is desired, signal processor 404 preferably includes both signal detection
capabilities and look-up table capabilities to store parameter values for the bias signal.
In another embodiment, where a constant, non- modulated bias signal is desired, signal
processor 404 does not necessarily require signal detection capabilities and look-up
table capabilities. In one embodiment, signal processor 404 is either a special finction
IC or a general micro-processor and is preferably small, lightweight and portable.
Further, signal procesSor 404 preferably includes signal conditioning and data



tabl e capabilities. I n one enbodi nent, signal processor 404 is either a
special function |1C or a general mcro-processor and is preferably small,

| i ghtwei ght and portable. Further, signal processor 404 preferably

i ncl udes signal conditioning and data 11 8 Novenber 2006 acquisition
abilities. In one enbodinent, a PCMCIA chip or card is usegl@cﬁ/ ﬂEP%OB
processor 404. [0042] Signal processor 404 also includes calibration nodul e
406. Cal i br atdcgfisitisP dBilfied 0f %@&h&ﬁiuﬁéﬂt,UNDMUDEhfbh& biraSs sisedat siphaduced
by signal processor 404. For exanple, for optimal enhancement, signal
processor 404Tpreeeudds a bi as signal having predeterm ned par arreters (for
exanpl e, a predeterm ned anplitude and frequency) in response to a
particul ar si e u 0 h t
paraneters of[ggﬁ!s Si ghml gg)rc ésgé?o%ﬁ%% gsge@%dé gatljlgﬂehc?EJ ﬁ?ﬂuﬁl gésj@s?gn e w |
not opti mal | ymodmtehibemables adjustomeniad tlm‘bmsmgnhhlnrgémced by eipnal prostysfsbetﬁi For

Cal i brati on npdul,e 406 t hese, pr.edeterm rane ers be

Sl Ut b o0 (RAHPIE {57 SRR erasement sighal peocesion AL GiPRea § hiks Sidh ing
typically aCCjﬂéﬂé{ehﬁxﬁied Pk dridtert Qfor @5&@1& af predeterniGeEhanpleie bnd Fwgbeasy) 400 and
nmay be acconplished intermitently while enhancenent system 400 i s

i nstal | ed. | fre@anseyp «# ipgricular tswnﬁlaneeel)fﬂda%fén vrmpdcgi Al JE these Rgdsaningdo | s
installed, thapmetds bf bi’zﬁ%‘iérﬁph% tfoppfngéﬂ)aédéus‘i&ﬂ@@é bidk QRIS ﬂggop‘ﬁ&allry s

acceSS|bIe fromthe outside of that calibration
acconpl i shed enbince theyBuriction pf thentaunteélsmmfaaww Calibudionupedule 4§ enables

processor 04nds? BRYARHAN e RIDLP pACHTRRAC APl b YpBRAP il spnal is

calibration to t n-1 nvasi ve et her or not "signa cessor is
accessi bl e ﬁr@ﬂupahmld:eatmh thﬁplbzdld'yaood:ﬁlﬁlﬂﬂéd pnputo dvwtalletord 08 embmmyfsltt he

bi as si gnal rodu Sk 4 e et ed >NSRLY;
system Depelr%éi 'gﬁgﬁag g'%?‘ s i i‘/l g‘i/hél ee'nlqhi%scg Fﬁtp#? d@\i/) Be 408

m ght take a umnailadarlf Oﬁllbhaﬁiﬁtﬁfsﬂﬂtaké placs waile dﬂmnemmds;&tmv 600 isnmiallmlebhlenes

that are appr.ppr ain_circunstanc i nclu e cuffs

ol ant od-of dEBidsaEE b BSeh M bR R 56 Tt Rl Y B SIS e e
stinmul ators, badg smaetdanbxfanﬁi dnays'bds riudoﬁipﬂﬁi&d At ieasedlyi n Vuhi caltmiaﬁmt
devi ce 408 conyey, e b| s s to the et ed sensor r’%ﬁ{‘ ends
on the form GREPHE S B eovided B EProdte ACERS WY,

exanple, a nemﬁatiwfffo ﬁke lyfaabazah&draﬁbﬂﬁmemer bf n6tUsi i | pRodeddor Ui accesstiste t he

urinary tractﬁ_olmsoé hgeoiath%%tgd sensory systemand is typically inplanted

=1

[0043]  Input device 408 conveys the bias signal produced by signal processor 404 to
the targeted sensory system. Depending on what the targeted sensory system is, input
device 408 might take a number of different forms as discussed above. Input devices
that are appropriate in certain circumstances include, nerve cuffs, implanted electrodes,
surface electrodes, muscle stimulators, tendon stimulators, and magnetic field
stimulators. The manner in which input device 408 conveys the bias signal to the
targeted sensory system depends on the form of input device 408 and the targeted
sensory system. For example, a nerve cuff or implanted electrode is suitable for use
when the urinary tract is the targeted sensory system and is typically implanted
surgically and conveys the bias signal to the sensory components of the system. A
muscle or tendon stimulator, on the other hand, is more suited to mechanicaily stimulate
the proprioceptive system. Such a stimulator mechanically stimulates the proprioceptive
system by vibrating a muscle or tendon associated with that system, for example a
muscle in the vicinity of a joint. Muscle or tendon stimulators can be applied non-
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surgically and conveys the bias signal to the sensory conponents of the
system A nuscle or tendon stimulator, on the other hand, is nore suited
to mechanically stinulate the proprioceptive system Such a stinmulator
mechani cal ly stinmulates the proprioceptive systemby vibrating a nuscle or

tendon associated with that system for exanple a nuscle iin, th LGh U LY
of a joint Muscle or tendon stimulators can be applied nonbmiofe%bé%g%%er

2006 i nvasi Veh)sitd) Qing| RF S4B 8 el@fc BARS A 6ndanbbdihentonkerethodigeant |
where the targeted ™~ sensory systemis the vibratign or touch-pre sur g
sensati on syssespryaysemfiade vibretion erdeuchinsessuresgaiation sistegs adueacs g 8ayi ce

408. Specifically, the .glove el ect wank D eeve
el ectrode, sos eéﬁ&%?mtlg@S?Q:Wemgﬁ%mhwmm%ae@g%%&%?gﬁ gg’ tlhﬂg?ﬁ%
devi ce 408. Thiectsidef aokthelsketvd cldarddy siobimrider theared EMVBGCTROMESH[TMmay of
interest, e.g., the hand or, foot. Still further, input,deyice 40 e a
magnetic fi el 8¢ vaadigninmt sievige 4B dibe swiach Sieci AR Sstem ?p&”e‘rﬂ%s@%g?‘{}éﬁlaﬁgr
exanpl e, a maghgkd&t fd €] fle hidd SULE SHl RRMed Srphs 86bidcr08 et Magittia fields
sensory neurons by positioning the stinmulator on the exterior of ,tgehgody
in the vicini stymulhtor tused sitbar gorciohisivelyooh invasively| e gxamps.ng) Teegrsts &ekhnds.
A magnetic fiegl | r d..i | X3 Bb&tioni
surgically i ng’f‘g‘#g tﬁlghl %}ﬁtggs sigﬁanu gﬁ%{rﬁﬁoﬂ%ﬁé% g%%é{?elﬁlésﬁf)orng neulr)%ﬁgfu% &tlef:]e
area of the biimdeder on [ig0kédrioCofithe bbdyein tierGeiotyn of the seniseryseliscto arstipulajedn

transducer 402, signal. processor ..404 and J nput VICE: h

i npl enent at i of°iR® Fﬂ%b%k’%1 ‘gtm%fﬁmdgég qu;"s’“l&g"g e ayar%"o‘!ﬁség2 ot gerlg;,[ E?rneégpltehe
form of bias % gaglcalle$inpRéftinglihatstinalatonite stmalatecrenmonbéurercus  thereda lof theel

bi as signal i? desired, controller 410 may be inplenented using a

m Cr opr ocesso ladder. 5 i npl er enbodi nent, where a continuous, non-nodul ated
bias signal is desired, controller 410 may be inplenented using a switch
that sinply agiiq¢pt e Cdrin@llerstll0asonaste iiteradtign dletwedh trensdatdr #ol,ysi gaal gregessor

processor 404 e _adequat o.that cantroller 410 4 nne S or
such an enbodf‘ﬁ%%‘ld%)m@;’ %ﬁs‘e@ﬁfﬂp@mﬁmaﬁfm Ebcf ﬁ??%réf glrd ngn c(@]soﬁ%or%i %éés{n

M Cr opr ocessobthéf thihgsuhb EtrfofMiRgigaadesited. ‘Phat 49) whetegi rioatcontinmeius ohédetated n
one enbodi nent, controller 410 ig iplemented,with the aforenention

PCMCI A chi p oi"aéé'lgﬂ‘i‘l ip ghssirel, W?ﬂgt@ém’g IR s ﬂ’ﬂ’é’r?ﬁrggcs%f'glgna? i's
control | ed i nsAGAR" SABEGMME, hwhérb @ tcyiBrubls, Sonsibdulsted Ibidsosighalc s destreld, as

signals are applied. Repetitive vef or . . .
g , gc?nu'ol]er 410p may be imp ementcdmusing a switch that simply activates the

enhancement signal. Alternatively, signal processor 404 may be adequate, so that
controller 410 is unnecessary for such an embodiment. By way of example only,
controller 410 comprises a microprocessor with suitable programming, or any digital
controller. In one erﬁbodiment, controller 410 is implemented with the aforementioned
PCMCIA chip or card.

[0045] The nature and amplitude of the bias signal is controlled in accordance with
the type of 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 treatment (e.g.
pain suppression, bone healing) are often be avoided in the practice of the present
invention, as sensory cells can adapt to simple deterministic signals thereby reducing or
eliminating over time the effect of such signals on the sensory cells. Instead, in
accordance with the invention, non-deterministic noise signals, such as random,
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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pul se or DC signals of the type typically used for other types of injury
treatnent (e.g. pain suppression, bone healing) are often be avoided in
the practice of the present invention, as sensory cells can adapt to
sinple determ nistic signals thereby reducing or elimnating over tine the
effect of such signals on the sensory cells. Instead, in n

the invention, non-determ nistic noise signals, such as ra§§§%$ﬂ%gﬁg?%%dlc

noi se signal s, ﬁ@‘éﬂﬁr ded repetitions of noise signals are preferably
used, so that ¥ k3tign thet gosury during a aliysinal treiniig:regizhee Thewnsigraloearbe he

ext ended per i oCcotimAkRCoendrated s %g f'og}%ﬁras 4305 e&lje@% llcmﬁﬁ%sgﬁ%oteh&nnfcm%ga

occurs during a p1yS|caI traini THELE

conti nuously g@@?&tﬁé@@ognmimbmgehrm ahoaedwdeabﬁdnehﬂallﬁmwﬁdrﬂaatMMﬁ,
, or therngl

including a cq t dom nunbgr noi s
noi se from a re‘gﬁését i tl-(lz)r W@@teé}a&]ﬁﬁr S@éﬁﬂ'bi‘r"eﬁﬁnﬁ’s éﬁasﬁtﬁ’f?gT devieg,ch
as signals st orRANLRAM; e 26Selsditatt 9;@%%0@9&(%@5%&%&1@%9%@%&' ly

recorded noisy signals, may also be enployed e sensory cell
fected by bias si gnal be found at

areas containi H oﬁu to be L

di fferent dept Q ﬁawaws% greas copieining nAurqnsytabe aﬁﬂ@ﬁﬁbybm&m@mﬁh

filtering char antfomidii Bifrd: QiRliniAe Hakh FaH1 %hﬁ'g[ﬂé dHtlifenP SRR Yrafifhidsfor?
I nen IaS Sl gnha

the signal inp device. In a preferred e can be

conbi ned with JtisERe E#ﬂﬁ@?ﬂ@?@@lﬁbﬁtymm Qﬂthssepxsgmcelh axﬂbﬁaeeﬁmaiphpm a
chirped si gnal dedide 08 J %bo%ﬂ%;]]é%yéhﬂgs & £| o1 &l %; 1
requency r afge.

frequency signal that regu ar sweep roug Si gna
Thi s conbi ned $YRfAdP GHEycimee ﬂuﬂ poblsth. tFor example, tahd-nmdmgda] cat i tom fofned by

Thus. the Q?S%S?ﬁ%%oﬁéﬁggﬁﬁﬁ%w <o Yo WL i it a8
attenuations ignal Ildnc)ca'mge.pfmmr combined regeidi Agyt be thﬂdrgdt te epeatit ythe
cell. This tec S be used to reduce the fort re ulr d.to
determne an e gg%lughg s#gq)fg? srfl?ﬁ?@%?“? aﬁé’ Faﬁg’a}ﬂ& in the

f requency rangbedy. Hhﬁﬂlheéigﬂﬂ@ﬁomjmdaad aoﬂaem@-msemellwﬁp&&a att&idﬁﬁdﬁs
roduced bi as. Lt e S8 YAt reioniny it gt sescabioot BeuicabBous HhiR eleoy ne
subj ect i's per boussdnty mdnbeﬂnd%ﬁbﬂed]u&hdfsd 8&trmiAé lah \effidhcioie HEARNYREOR BEERL
functions enhanc%g% thjs ggoélhod of the present invention 'include, for
exanple, |inb poS A TO&REnt , i ncrease rel ease of growth

hor mrones, enhanced peri pheral neuropl astic changes, and enhanced central,
i ncl udi ng [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. Ne’llr0physiologic fonctions enhanced by this method of the present invention
include, for example, limb position sense enhancement, increase release of growth
honmones, enhanced peripheral neuroplastic changes, and enhanced central, including
cortical, neuroplastic changes.

[0048] Most physical training regimens are undertaken to induce, among other
things, motor leamning, 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 meking the sensory cells more responsive, the number of action
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cortical, neuroplastic changes. [0048] Mst physical training reginmens are
undertaken to induce, anong other things, notor learning, i.e. the

acqui sition of new notor skills or the regaining of notor skills that have
been | ost due to injury or disease. To achieve the aforenentioned

sensorinotor performance enhancenents, while a subject per%cwn% %Ie fled
physical activity bias signals are applied to sensory cel TRVG
t he speC|f|c physical activity to lower the threshold at which such ceIIs

arE tri tg%er ed pojentitle peadued fbr aﬂy gwbn anmml of axtemblr ethmblhds fmreascﬁzth%rayy
maki n e se |ve he ction
Novenger ZOOGQ%E%%("%%%{?W p‘not‘%&t;ma ﬁsqlgtm]{ﬁc{mglpagtﬂlg nal stinuli

is increased, thereby inproving the rate and/or quality of notor |earning

resul ting fror[0049¢ adToordinyted [ @OHSH ofOfE déxr@iritiesHoi QRasfiple!l hequeirdsr pretibe es,
I nterpl ay, between_d al

for exanpl e, ui r recj se sqendlng volitio
signals from ti} tngﬂeﬂg eqihfesqend 'E%H?]%té’éﬁllslﬂ‘ialslﬁl’%heﬁm%ﬁ‘fe%aqtlﬁ?’gﬁﬂél?:t i on
W th the envi ragveneit, aﬂ&unsersdugm-?ﬁ% &ftrorirSertt STHi PR tobﬁbo@fs Hatlin RANSPT Y

f eedback of a nechanical nature fromthe extremties I nvo )
notion. SonmtsERERsErdPEck 06 arechanical aatyre fremtthe @m‘e:mmmvolmd iy hemaion. sol e

and propri Ocersfohiéfosedsaﬁpfn?&hiaﬂ&bf %%&%ﬁ \;»h@hﬁ‘&u frbrm t%l:tes%fé dnd ﬁ%%B%BﬁvQOt h

to normal gait and to rore act I'es such as
| andi ng. The mfpﬁmﬂwmfﬁomdcqmaemntlslqhaﬂnnmpm botf tcembnmalam bnrbﬂ:t more

coordi nated s t on.fromt ore tars involved,. in linb
position sense ur‘%ngﬁﬁg\%sga THEA &S BRI gj?“ge ﬁ‘?ﬁ@%é’&‘@& *Wﬁpﬁﬁt?on
content duri ngffmﬁwen@hmqudﬁemdamaqﬁﬁ'oﬁmhmrﬂmﬂﬂﬁdn&hmmbﬁwmmv@mﬁ rol.
orevent | onof I R SRR, o AP 1o VEBE G e BT I BEoTTUPETR n 0.
[0050] 1n onecemthﬂdimmm@&e;ﬂehe @8 & infdins brbh@ﬁwﬁﬂgaﬁbmhétoﬁrdbﬂhdedu&”l ng
a tralnlngrelnent structures that particjpate jin
stability of E"PGret %’?mts‘ﬂtﬁ“éﬁ‘%egﬁ’éh‘ﬁ% r%’r’oP@P A@Eﬁ%‘f%ﬁfand

f eedback to eﬁijﬂmaysb&idjﬂg,tdtekﬂnﬁlbqn &bbbé:ﬁi‘dno?ﬁkfmﬁxa”me at |east one
| nput devi ce, an -el ectrode canyge placed at or near the articular

space such th nsoQry ceII r acent to phe ligapents,, the 0| nt
capsul e and ni"n. sﬁ T8 g combadient o ok epiions s b LR Vid b
| evel bel ow t heiningaegiani v lﬁfﬂﬁ;héf Stnefurds tBatSRARDFAte ﬁﬁh&tﬁh@ﬁéﬂﬁuaﬁﬁd avi th

t he structures .as | as bel ow the cutaneous in threshol d.
subject,v¥g t‘:leregy promote _]oigt sensatl%n an egd% 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 stmctures 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 & 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 each of the structures, e.g., the bias signal is repested such that the bias
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[ 0051] In another preferred enbodi nent, 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 perfornmance of the sensory cells
contained in these structures are enhanced. Preferably, a bias signal is
provi ded at or adjacent to the joint and at |east two diffﬁégnt an%@ggnist
nmuscl es on opposite sides of a joint where the action of t YembsL
determnes the relative flexion and extension of the joint. [0052] The bias
signal can be P& Getmdtaneoushpsoidadyto eechad ¢he stfuctites erttheibirsisigaalds repeatedt an

occur sporadi cahby thaf thed ; : Pref rag the bias signal
IS repeatedly rovi ded ?%S%lgt@gq&%ﬁ%ﬂ&ﬁo&ge&rtgs?&w ‘I"Xbﬂ"é"fsfr ﬁé’?@ﬁﬁf S
repeat ed such t -the bias is 8 Novenber 2006 signal is sinmultaneously
provi ded to each of the structures or the bias signal is repeated such

that the bias g | radi cal provi ded..t 0. each of the structuyres a
plurality of ?‘l)me o1 E@‘% S ew gﬂnﬁfsa?esapah%%ler%ﬂ\’?ﬁ‘ﬁﬁrt@“éﬁﬁrg‘&% fo
speci fic typesueéd bi asoslngoeatvith this BehtinAEGOLIRMIE dMdirital Hisals AUEPEie@BLy FOI
exanpl e, electri c]al sjl%nal s are preferabl pl'ied within a current

density range SPPLEHOHENE &, @prenbdqugityrsags 0%/[6681?,4/ RéMin"atecabaut 1Q09quAAE and - ge

of about 0 Hz B0y trandd, 80 Bboli 0 LHEL 165 ki ! T ecicn] e -
Mechani cal si gmﬂ preferably have a di%dgf gg’eogr)gﬁ[?z ‘aﬁie ?ﬁé%. 5 ‘gfuﬁ a éent'
within the r angg'“;i caiswalsmrmmm digagementat the ekjo endacesvithinherangre

range of about ofabdt § Bpiout qlf\{g LGalk signal s .can r tely
controll ed by Erovi di %ﬁrreg{?gm.c'g'ﬁlﬂgc a@gri%gk‘%%l?ﬁng r?fgﬁ?q‘tgggzﬁ@ “{
receive renote %éﬁeﬂ‘g?%mﬂdvewsmmi b adusotélyocordrolled: iyt srovidiangs wethasicahnd
oot ri cal si grayane e e def e I Skl sty Emethia e HEC et o

el ectrodes t hatemdppinsméttecindicomlertsheayn aigsals o meciahjcaliigmls, Ibwir%leat §Rams, ar e
preferably desj t w f.or onpl. onstructive and/or destructive
patterns. fOOS%?&ﬁg?urgiE* &&cﬂﬁr]ﬁ ﬁﬂ%ﬂ%@t@tﬂ&rm&ww& Fct’@%rfii%,
are rel eased i spplnelrstricalizjgalydo piitject. ALYbigy sifthls A8 PeTerdbly TesiSfePloQlERA For Of
the body's sys lgwngg’ﬁ%r}aﬂ the architecture of nuscle and bone in
response to ch%s N a had d‘é‘?(@ﬂ‘f‘&:@; i ncreases in nuscle bulk in
response to exercise are partly caused by increased anmounts of circul ating
growt h hor nonel®084k heNebutylly-Beceing gresthationhofas ae ahdthés asgle, ahe readdenent

ST Gnal s 11 0 i WP Yo ekl 1058l of W D S P
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 hormene 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 treining
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 tfrainers, working to regein muscle
bulk and bone integrity following trauma or prolonged periods of inactivity. In some
ncas&e, 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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rel ease of specific types of growmh hornone fromthe pituitary (MCall, et
al., 2000). In accordance with the present invention, sensory feedback
neurons are rmade nore active by applying bias signals to |ower the sensory
cell threshold during a physical training reginmen. As a result, afferent
traffic fromthe periphery is increased, which causes neu%c&g\%%&] nges
in the brain. For exanple, sensory information from nuscle op F

boost rel ease [8955dr owltfermmeaions krd eﬁ'mmc}sef sensarimbtor tpythbvsys ﬁpﬂ&’oq&aﬁhe@'hl S

S especially |V|du stre h 1rainer morkin to
regai n nuscl e %aéif%mg riﬁ?ﬁ%‘ﬁﬂst V”fclfe'f‘eg\’/\nnﬁ%}‘”t %ﬁﬁ f 1%r"of‘5ﬁ of
periods of i naﬂtlmﬂg taytd prddti®OR®he G8RRR oflthQe i R Wa)'snln%&i’webeﬁ"%&@% in

rel ease may be suf icient to elinmnate the need for growh hornone

repl acenent t FEFRERedeathy ashmuehedgy np'efplogt%ﬁhangnwwnencrsmplmnmmoh mbss.8

O oot 2000 eshORB] et L EARAIL AR AL ol SR RS SORAI WPREent

pat hways in the periphe 'on o e acq
mot or skil | s. aFHwty Fpurs éi‘lelmgatmesﬁhew(sjmapbesa(“amgtogmtms’r)aehet eﬂthesuﬁdbtemng

creation of t t hways nde even ncr S in [e are due
as nuch to net?lr%gﬁ%gﬂfgfl gi SRE SS%?SOfPSH%?EqJQSETQB ng, ‘?Tﬁlss (Ss‘é@&"é’lg
early in st rerbmshsxgmilé i ginpegiree iSacchidiandd with IR fuethod 3% tﬁé‘ﬁ%cﬁtﬂﬂ&enhon
afferent acti.vit spnfs the eation of new synapses ("synaptogenesis'),

one of the und&FfEith s?eﬁﬁwlﬁa@;o@@%é@ G’Pnﬁ@ﬂf plsivea| neuroplastic
neur opl asthltcﬁmtg\é\bﬁg;thdaﬁe ery. 2 08Rhon PEREMIAIof Mefsth Hatl Etﬁﬂtﬁ'ihvbﬂﬁéét

area in accordapce with, the rret hod of the present ifvent | I NCr eases
i nf or mati on- r PR @8 »tang fthat @eﬂfpbm’tlhel?tp%@mmhourInv%@ah&;rmptomm

changes in t h@adask iaph @EMral A ﬁﬁrﬂngl @ﬁ&ﬁf‘aﬂh'zﬂﬁr&km&%r&ws@uﬁ SrBA R 1 Smhat

it involves only nuscularity, at ‘neur ol ogy a consiueration.
I n actual ity, MY stI88sPEastrenthdraining I&gmwemusdbmasddwnaﬂanabmmﬁcanﬂy

mai Nt enance ObufbtRGpAfioss tak G} &éﬂ} of 'the bgﬁom éyuﬂr%an%ﬁ? r%f?gﬂ%{ }397 gglgl,ﬂgngt h

trai ning regi men, miscle nass does not | Ncrease Si g
does as a res Glgtlaléto h inpnearcadinaswdaace tmlaﬂru mghqnt oﬂhspmsdﬁyzmﬁbyn, 0@ thnas

nvention. { neo PP SRR bRECk Aty ol OF g Mirebiol B e

by | owering th@soﬂyroeﬂﬁmvdlvhd)durhigehxs stagtsafrﬂ;(e stedrigth thainiag. \Aech rdktﬂt,ﬁg'o&ﬂhh%ns'[ age

of the stren . dnformation- rich tr ffi fromthe
peri phery dr?&ggirr%ieﬁl?pﬁo&g ?sega%ﬁg ‘é? qumPﬂaéggglﬁnﬁﬁe‘P);hetW Oty Y Rer
t hi ngs, i ncr eathesthings, ma:teaeh;hereh«t by which ehsclemsss fopns®d.

[0056])  Strength training performed in accordance with the present invention is also
cffective in ephancing crossover strength changes in human appendages such as the
arms or the legs. Strength training research has shown that when only one appendage is
subjected to & 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 leaming that results in enhanced balance. Again, in combination with
this side-to-side trining regimen, the present invention involves lowering affected
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[ 0056] Strength training perforned in accordance with the present invention
Is also effective in enhancing crossover strength changes in human
appendages such as the arms or the legs. Strength training research has
shown that when only one appendage is subjected to a strength training

regi men, the strength of the untrai ned appendage i ncrease oS gﬁree.
Thus, if one appendage is imobilized by a cast or brace, H\ioveg}%ggﬁ of
t he i mobili zed appendage can be enhanced by using the nethod of the

present inventi emsérg delREshbIIS d88AS MeVranithy «J BBSRALAS g}éﬂt& %ﬁﬁpgﬁi heea

appendage durlng a strength training reginen for the Opposite appendage.
[ 0057] Many ath Blence. ¢ r aj ni ng prograns are directed to the inprovenent of
bal ance that is required when weight is rapidly transferred fromside to

side. Balance [OBEINCERRRvi Boihindfindl BB BPNR idfdr AR BOLHREEks of
repetitive side-to-side notion to pronbte notor |earning that r S0 N
enhanced bal anc¥B¥nHE| Motor skillsofellowingiinjuries such asistroke irdly-drothei eliminstivinndndg

regi men, the prgg ' | Q. | 0 ' ffected. 178 venber
2006 sensory cel iﬁﬁ?ﬁ(fgg‘ﬁg%dﬁg& tk}{?1 %ﬁdﬁ\éﬁﬁ’ékl}e\;%{l;gﬁﬂgﬂl%t%mg"cﬁrg%' M @?e@%i‘?‘er
rapi di ty enhanchas estgblishetthat st0:O584ctikity fomehe pdriphbryrioonedf the UbdlytrigQitivels new
notor skills, a cess _of - .regaini.n tor j1ls follow ng injuries
such as stroke, gfﬂe‘%%gﬁé"?wg“&f?%sﬂﬁf ﬁesdﬂghem@?lé'ag‘f Yoft ahedPAanfeRlYing gs
t hr og?_hoEt dt hﬁ biensigna) teandinpm tafeh im?b’cbﬂdﬁﬁfﬁ.mﬂbﬂ‘a_e ﬂiﬁﬁfoﬂiﬂ'ﬁeoﬁ}esehfﬁ&vﬁnﬁon also
establ i shed tha nsSoLy actjvi romthe perjphery is one of the
under | yi ng dri \(%“r:r%&e%fﬁ%ﬂgg'éhﬁéllg’%?bp’ﬁ%raqrﬁg‘&mﬁeﬁw&%ﬁ%? skillst he brain
(McKay, et al., 2002). Applying a bias signal to an input area in
accordance wit hl0P$) neFIGRI SK-5Bhitusiatesanetpréferrahéystem fir 2@plyinaCin als in
PplyinaCi ﬁﬁ%i?:
o

afferent traffi Laccel erat i t he i mprovenent of notor skills.
[0059] FI GS. 5Aé-é?,‘5é_ E, ﬁ?“?lb‘ﬁ’gl i 'é"’%ﬁ‘ie °E?‘é% RISy TONFOlion, 8¢ SpPlicd, furing,a inhyticel
signals in accoiniagcegimerd. [Thetshgemebinpsenfa folver pXRAEA gdrmu@Néi00haexiaiap! | ed
during a physi L.Ni regi,men, The syst onprises a |lower extremty
garment 500 t h;@fggéﬁﬁg ‘%‘r'ﬂfﬂ%% B\%&Hﬁgsoﬁéﬁ?&iﬁ%%ﬁwm%gwemﬁl t
502 secures t hewhjlerfoetstrapt Sodaviiehi @dend\Wehbath tROkseSE F&b hiofOthe Wakfitht Gxh AR
beneath the user'.s..f ol.d.th nt snug| agai nst’' t he body during
| ower body not f‘“éﬁﬁ“lfggtb"@% Auring @nga%ﬁr‘@f BPug 3”%5??&8%@%9 preferahby geraprsed of
ot her known el awoprenenatotiier Riown@dstiemiatcHA0GRIRRES MY r¥feiabl iHElRSesa phirliploF t ¥
of belt strap ﬂg%%t i gned, circunferenti alé% around the wai st secCtion
of the garmantsog _ : positioned circumtierentially around the waist section of the garment 500.

The loose ends of straps 506 fold Gver belt 502 and attach 1o garment 500 via Velcro or

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

[0060] Garment 500 is designéd 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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The | oose ends of straps 506 fold Geer belt 502 and attach to garnent 500
via Velcro or other known fastening neans to, in effect, forma belt-Ioop
that securely retains belt 502 at waist |evel. [0060] Garnment 500 is
designed for the application of input signals at and bel ow the knee.

Consequently, the |legs of the garnment have closures 508 that LI ~hAHput
device 510 to be positioned at selected positions relati vg Né&gﬁ%’;%ﬂ?@g,
cal f and/or | ower | e&m muscl es while al so being maintained in place to

garment 500. EXE@Fi%hold e igput deviges 510r ssouphlyt againgt theesubjestisl skin do ipravent
device 510, SO #lab&neift 4" FloINIY ice D i | ace. Sihgnal input
devi ces 510, t ﬁlgs?;f ore, Cdgatﬁé %“&BEF%@%% éallto %#u@?lp%ag?ﬁﬁﬂggtf% &vo&%a Ruliich
garment as necexserasgregomenvari ous applications and to acconmodate the
anatony of the subject. To fit garnent 500 to a user, input devices 510

first pl t Ki lati . (fic n | es,
Foints, otb. el ' £5uR st RlerrBalbE Rimed ot iR ) i ostipe e o
and external c&p4 Sighil generatdr SRPPbvides Po\gdt t@ﬁgﬂﬁi"é'ﬁvic@@@o bPthB Gufbr SuffiRibf the
devices 510 in place. tgatirc‘gent 508 S _Br eferably formed of_ neoprene or any
known jstretchggrlmémmt P rngen i the RaBhesofthrelgivodanrants adjugied vitkin e aren t o
the subject anef hButSiedives 5L CaBRP612 %%ét&laﬂlyr}%l%eéﬁegab%ﬂt‘uj?ﬁ'gﬂc?ﬁ%t t?n%ut

securel y agai nst tr]e subject's skin to prevent | splTacenen
devi ces 510 duf§edty 'pfe qples inigpederbedsomovement Iy e préferredhembmndiment gables12en.

[0061] Cabl es gltendtlgeibhl ' “Hevi.ce ign
generator 514. Signal ﬁeﬁ%#a?or %B%dr%ﬂéﬁaééugﬁ;%wg@ 5{1‘% r?plé}? gd{;ﬁv?fcémg% on
the inner surf &8 Cgbles R22 extend brough pocketst516 limtn ganduit $20ahgtaxiendsiowfiwide

el ectrodes can ] P r feah RQUL, devi ces, . 510. | es
512 are prefer gjgﬁfi/&gé%%? §§°¥¥0$#g;%a?mne&tr}fs @O@gnsd l'fllg ﬁzp %C{lﬁéﬁ@ m‘z\ngjlﬁg’"%%g%%t
cabl es to i mpekreedeysly soms dorecrommadate ippe idevicasds10rositionanit vatatk @esitivhe on
extending fro ' r 514.ace ur i thin side pockets 516 of
Gar mont 500 EL R wRB8GTR mp R SEE Ris'he ashed wcpnd aefition o o
ext ends downwaledgth af galpjet SE2. | A galye piride 532 aiadgof HHstic HOSmilEO Aitedial Sfbund
devi cos 510 potiphit Badisd G intiBnd e Spmg L cORtuiLary BiscRebar g, Qerondly
| I’IE:J'[ dEXizceZ épb0ing arnilneinad d' bgehﬂggaid]ganlxanm_ j éabRsEY @{m fedihto| 1A | thoPihe |
cabl es . i .rade, astic or simlar material surroun
condui t 520 so@aéﬂg%&ﬁgﬁégfwgaﬁ@%FW%f conduit 520 into pocket 516.

The conduit

[0062]  Cable 512 is preferably of sufficient length to permit controller 514 to slide
from the side of belt 502 to the back of the belt 502. Thus, signal generator 514 can be
Tepositioned at various positions along belt 502, so as not to restrict movement required
by specific exercises. Signal generator 514 can also be worn at other locations or hand
held. Generally, the placement of signal generator 514 is determined based upon
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 8s ourrent stimulation program, remaining battery life, stimulation levels, active
channels, errors etc. Infrared port 612 (or wireless or cabled, etc.) provides & link to a
computer station that permits the downloading of custom stimulation patterns and
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openi ng mai ntai ned by cabl e guide 522 allows cable 512 to be fed into and
out of the Ilength of conduit 520 with consi derable ease. [0062] Cable 512
is preferably of sufficient length to permt controller 514 to slide from
the side of belt 502 to the back of the belt 502. Thus, signal generator

514 can be repositioned at various positions along belt 5 @ngﬁpafz% to
restrict novenent required by specific exercises. Signal e 5 4 can

al so be worn at watdf@ns| eabuleS6 W peldidne BHaln s b he placenent of
signal generatoyp, 514 is determ necfcbas%gge upon aﬁ@%@%ﬁ%ﬁ‘“f’ﬂﬁ?@?ﬁ?@%ﬂ-be
stabilized, the oilialso#06; 41e opatsive de vam diiamplitedeafthe abistrvignaly elihe

subject. To el i : . I gnal nerator 314 may incl ude one or

nmore wirel ess !tmrsg sﬁiltEl ?gﬂr@b%%rgg{ ?ov% Faﬁl?etﬁ‘ﬁstﬁ? figadly helpw the, thyesheli level of

generator 514 alhel/semsoisnpells taigatéd; as voeliOzs HAOK the Sgugaﬁineg@n&?%q]g[d ﬁ%&, T3
' ol I'er 410,

shown in FIG 6 %ch{\%i udest S|.%nal ‘H{chs,sor 404, a control
control dials 60BTIAl P Bt eachy signal mput devies1 HL0 ig determinied fryathe chrpentt
612. Display 60Snpiaalesandrtaebize of b efebBdde. ' | estito Lhe user
or clinician such as_current_stinulati oﬁ%%@%ﬁ#m{ﬁ%ﬁ% %ﬁ%ebW‘We,
stinul ation | e2%%PIANG ngeclathnegse of eleettieal stinmlations chanmeis maytbebeedtrically

W rel ess or califfisled 86 oneRhOYEdL S ' ;8 conputer station that
permts the downl oadi ng of custom g?lsiln%?é |ong%§‘f°tu3 ns and 19 8 Novenber

2006 wavef ornﬁ Test button 610 [germ'ts the confirmation of appropriate
control I er fund?¥08h.  Iopw: deyicss §1%ean apply, tiranghthe skin)viepitaignalsytol thestructure

anpl i tude of t kesobigied Svith | 55 ' : | gnal ,inpu evices 510 so
as to maintain. the signals bozllcgt\%vﬁ}%ﬂﬁggt rlgrsllll"l(')t% tﬁ%@gﬁt dspac %b{sjé%%é‘?"?%l | s
targeted, as w&f basurfegeotieetrodes mmsele atimulatore, Hembnadtichulaore) andThgnetic feld

el ectrical cur ls Lgpal _i npu evice 510 is determ ned by
the current a%ﬁ“{i ﬁgsgsgﬁr%%? t eﬁgﬁlzhé&%f Qghgngreei"t%@é.g"*ﬁé“@ﬁ? At oin Slat y
must be nai nt afEs (e pancaks maters)e pteairletricoameatorsfetrbfiuidandymetic b8k 68

stimulation, chRangh e i cal | isqlated fromone another or may
share a common gr ountg).1 %gS%tg{sh%ﬁt&d&?%&’gﬁﬁdn@ﬁﬁi%IW? sigRabirgw deviges
skin, input si#eappropdatehiesised andtanmagedas Ieaiiad SkniWatith 1004 Bésill SRk@E] R, AS
earlier noted, %Zylé ?:Bbg ]gf't\r/‘)id%ses L0 in the garnment  can be surface
el ectrodes, nuscl e &t1 Ul ators HacHaRrsars sig Jot impederergiestrict mpliesl ghd
stinul ators, vioinait ﬁasgeﬁtthauﬁmﬁleﬁmtoeh@cnﬂ?hbmﬁh@&tih&%g A [gﬁﬁ&a?c{rysu

a

nmotors or flat tors Eﬁ‘lﬂ ...pancake nmotors), piezoelectric ac tors,
ferrofl uid mgﬁg{mﬁ@%a%?] %rtg?rmgr ¢ inteasity 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 sensorjw cells associated with the various structures that play &
role in the joint’s stability. Thus, the signal is at a level below that required to tripger the
sensory cells in those structures.

[0065]  The Ievel 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
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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el ectrorheol ogi c actuators, or other known signal input device The signal

| nput devices are appropriately sized and arranged to localize stinulation
to a desired structure. For exanple, knee el ectrodes and actuators are
sized as to not inpede or restrict notion and to limt (target) the

stinmulation to the sensory neurons of interest. Signal gen%r@év%bbégﬁooe)can
be programmed to vary the intensity and timng of the signals. "For exanpl e,

when nore thajeoeéle i hpuhothdirefrrhdl @mbsditiead préiged RCAkth@fure THOPRE Yldckyg Of
the signals can bq? varjed. Simlarly, the stipulatiqgon can sinultaneously
occur at each & .

. AR GeEiprCRLY g eontach Wit e PIFRY n eiBrascawac EUFIG. 7. A
spor adi cal |y DaLR8NoPaahs 9ba iRk gy iceit s TRCRONEE e ABEEEROHANGY Of

stinmulation can al so be contro : e signal is at a’lev
per cepti on t hrerepalydwom, sersitipnakdd spmmsitosides eftthejditt dfintexesir iThesportion of

structures that pl .a rolein the joint's stabiljty. Thusg, .the si S

at a level bel® t@étl e&lﬁwﬁ}%ﬁé}?%emtﬁpji%&8?”?31]12‘“?332'#5’859"‘88? ofjap W?B‘g‘g’%lle

structures. [OfieefialTag. hibb&l Adhs V#Ears ipisTalablyUpied @ovaads iSvadab Hegeseat@sh 514

may al so be en%\tigge@taaysti mul ate other cells that are located in structures
I

not directly i iFngage the legvdsn strpgturer )0 ig pastiened oadhe extFemisy. |Arms
within the Ski104%iﬁﬁﬁ&@i{ﬂﬁraﬁt}ﬁéﬂiﬁa&déHéH%'Sﬁ@%osiﬁ&He@'éﬁﬂﬁtﬁﬁui W thEe! Fy ©10

pl aced upon the skin, but the I'evel” is still below the threshold required
to stinul ate tin@repsny gpsitiened|on the extiemity; ingut davices 81Qyare pasitionedson these areas
hanmst ri ng bel oy h0feoSkhdde M Y;5Nsi i | abh Li

knee j oi nt Suc(ﬁf I Q\%/ I ef%?al sf%sg@ gs?lgq%e%ijﬁlg%g{dg%&%ﬁ%&e ﬁ%’ﬁgdhgtﬁ%ﬁh.gé O{JE%
Pat ent Nunber mesggpnggaion20 8 Novenber 2006 [0066] |In another preferred
enbodi ment, provided is a structure 700 for placing signal input devices

510 in contactipyhh tALIGUYR G de Sl M043RcBR et diit 705 may sPhikdldity ©f

arns 704 extend fromcentral hubs when structure
proper |y wor n, wWizgdetopash of inputidayices b Dutlet 206 eccominodites fleitrical ofonnevtor 702 .

comosed of arcSiastE sl SRR $u8°a% halk Bud BEcERAY sl e
bi ased i nwar d§Mnmw&cmahcmm, issestablisted hetweacsigmral perengag &14 hed lingutvhen
ol Ural 1y of %5BicRP3id; CRIE SPE il BRI hbtood W e BR, PP I8
properly posi th@erid tomeduse texliketiwddyof cabpeus12ibrdondip detdthed frofrp Sutlét J0Eoron
2coor dance i CHFEHERERSAT BFateEe resent T nvention. . o "
[0068]  In another aspect of the invention, provided is a joint covering structure 800,
as shown in FIG. 8A-8B on & knee joint, having a plurality of input devices 510, and
preferably a signal generator §14, 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. Altemnatively, 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
least 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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100671 At | east one of the arns 704 includes a cable outlet 706 that is
electrically wred to each of input devices 510. Qutlet 706 accommodat es
el ectrical connector 702 of cable 512 such that when the other end of
cable 512 is connected to signal generator 514, an electrical connection

I s established between signal generator 514 and i nput dev ﬁ_po ro

512 is preferably conposed of a stretchabl e and strain reS| s |aI
to reduce the pdskighddh®re Rficiatld & 1

si gnal generat or 514 duri ngmuse %@O o'ﬁei()%gtg%gaé’y&fp]? ﬁlkﬁlt”e‘?f’fl on,

provided is a e¥icgS10over i ng structure 800 as shown in FIG 8A-8B on a
knee joint, having a plurality of input devices 510, and preferably a

si gnal gener at[gpgepl4, 1pi si ioned .t hereon. .l n

devices 510 a[r e 9EosﬁtEl a@ﬁ@élp ﬁg&ggﬂp‘é%tevﬁ%ty P} Efegbsp%ﬂ?qt@p%a%hwoﬁgéq M of

muscl es and j ehews it FIGWE] ehichheoti@sa siegmalo bifstdnfiz® ShePpeditiRdof rbri\ﬁ%‘fdéance
I nvention, Joint structure 800

with the methed of the prese
pref erably desgaﬁemb st‘%“ﬂsi“&’ﬂt 3%%519 freg: JSBinrﬁur%?Rjelp%qu@ﬁ foy Qe‘ﬁbjeﬂ;@w"lbg
Vel cro or ot hereatseamin faasdrgdich Owite ans meﬁloﬁe&ﬂg}ehéﬂ?l five th%&.résg lé?tﬂgﬁ%l

3

can be conflgu ed, tP slide onto and off of j ol nt. 0|n ucture
i s preferabl y SGEGRI, pondastive layer 902¢ suchats eorisectinedmbbér, praddd en eianhﬂcelly or

ot her materi abontﬁ&\leoﬁﬁm%sb?&veeﬂ Al s pa?lrt&g&\l/qu%ﬁth@ st r?ibur | ) mad&a

a flexible materi al l ows the i nput
during the fl &g laﬁdhem%mx\fﬂglamér 9020y dienduterAsurface bofi gier ﬁf@duretme nrolndQEd

portion 802 o t ) rised of _thi ker eri bl e of
assi stively bh@ﬁ&g{% ﬂ{g&\j’%? Ph Xﬁeggﬁwﬂelf eﬁf)rqfl H g‘fotz %'G'GVFS
21 8 Novenber mRipials H0dsire paﬂnmlcmlyeiﬁiiéﬂe{ojdmmnoﬁler agscs eo@ahhgw()haﬂdxwmﬁi t he

joint w thoutg evi ces 51 [ 0069] [ n _another aspect
of the inventi onéﬁ)ipt)g(ﬁ)l\l/lf’g ao8’Isé & GHOngpFyctixe &im 9 which isyemoyrbiy

FIG 9, whi chaﬁmd/todem @niBas uyar 900 By e vinpondpOSInkih@ve Him 906, AhSiivar €
bet ween, si gngﬂrfl ng{l f\“ ces 510 (elgg skin surface el ectrodes) for a
subj ect recei Vi ng Vit 12y Heds eargsed alloping & signal inpet dvies Eldctet be
invention. Arsfisedfo fleesonlheive 18)e€902.i NaH-bohdGRRAURE Y66 ksaé’c%fecﬁ% oth&rWille 35

conductive rupber ﬁ({)row de an_el ect rically conductive neans between wWres

908 and si gnal ST e prtisss winch al lews & prioanef the apr-sontictive filro %ematber i ve

| ayer 902 on thinetheehittre fHi, tBerebvddfh BishiGt ﬂ&&% cﬁ‘l i cfl{}fi%
mat eri al 904. These two_ | ayers of conductive aﬁ Onon ch(?)n uct?d\%[egoz
ams covered by the non-conductive film 906 durmg 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 weerable device s 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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materials 904 are permanently affixed to one another. Al so covering
conductive layer 902 on its inner, or skin surface, side is a

non- conductive film906 which is renovably affixed to the conductive |ayer
902. By renoving non-conductive film906, the inner surface of conductive
| ayer 902 is exposed, allow ng a signal input device 510 tgpg%egﬁgF% to
the conductive | ayer 902. Non-conductive film906 is score i e se

segnented in a pattern which allows for portions of the non-conductive film
906, rather t Fa%he} imputdevicesdn plapsithat ereidesigneduo gt upper toly inclwding thearmsams i t y

of the conducti I : rﬁgq%!- . non- cond ive film906

during use. Sitﬁ§?°?§§3$ﬁﬁéy+ces %@’ﬁ§¥§h§gﬁ%§§§g%8P%§mfHPﬁﬁﬁéPé@FﬁF@§¥|y

conducti ve mat drodyearsbieldevice tyyibogahbinédwaith tHedwwetcdy M&aﬁlc@&\ﬁémaFemﬁt

interface betweegn.the conq%ct%¥ n sybject’' s skin. [00701
r

ve | dth
The apparatus U92H dﬂ’)‘?esptg ¢in ﬁ%edta%%r?éfo*’r% S‘B\““‘F‘Pef@ Y dlopg both, thevnpgrand;

uni que rel ati vdower botdp i acdstidnze With ¢he BEthdIHF @Y iddentignsor i not or per f or mance
(e.g. notor learning) or the treatnment of injuries and rehabilitation from

the effect of injury. In _such known units, electrodes are_npunted on
braces or wr apgayﬁh i d@%‘tﬂ?&h fhequresent, ipventasy has Taep desqribed in: detgile dosheuld be

of . which wi || inBlritbod tidh &raibiis! hEngeQ Ablibk @ISR ahdGiterBidnt Uall WYL Tl AR out
effective physical ,training regimen. [0071] Whi [ e the above 11 ustrateg
enbodi ment s ar élem‘?%g@ﬂth}ﬂ §copg as defined byrthianpendsd clabmsd a brace, the
term wear abl e device as used herein, refers to any structure capable of
hol di ng i nput devices 510 in place at a desired |ocation. [0072] The
enbodi ments descri bed herein have been shown as a | ower body wearable
device for illustrative purposes only. Sinilar enbodi nents capabl e of
holding " 22 8 Novenber 2006 signal input devices in place that are
designed to the upper body-including the ains and torso of an individual,
are within the spirit and scope of present invention. The upper body
wear abl e device may be conbined with the | ower body wearabl e device to
permt input devices to be positioned and operated sinmultaneously al ong
both the upper and |ower body in accordance with the nethod of the

i nvention. [0073] Although the present invention has been described in
detail, it should be wunderstood that various changes, substitutions, and
alterations can be made w thout departing fromthe intended scope as
defined by the appended clains. 23
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8 Novenber 2006 What is claimed is: 1. A nmethod of enhanci ng sensori notor
performance in a subject conprising the step of: inputting at |east one
bias signal to at | east one sensory cell area of a subject while said
subject is performng a pre-defined physical activity which utilizes
sensory cells wthin said sensory cell area and which areginvol V0.t he
sensori notor perfornmance to be enhanced, wherein inputti na @og%@%§?2¢d§ast
one bi as si ksd'lggregvse_s the function of said sensory cells. 2. The nethod
of claiml1, erern sard sensori not or performance is inproved joint
stability. 3. The nethod of claim11, wherein the sensorinotor perfornmance

i s i nproved gafitmethodTpeniren dirgrbendoritlotr Ferfornydies Bl dsubfaet &ﬁn‘ﬂ?&%ﬂg"ﬁ{e%@oﬁ
performance is | né%g be%l ance. .,5. The nethod of claiml1, el nsard
sensori notor pertor teast ong Yenadito gt {east onesansaniesll agea of ssubpediwbileof |
claim1, wher eisaidsubjecs eyt @ prelfil | S 0 .otor skill. 7.
The net hod of any,.of clains 2- 6% %ere%%%@e%%&%%?gldéﬁ 8?%8‘3% S
enhanced thr ou‘&jﬁh‘flﬁf]ﬁm@ﬁwla&éﬁh@t@c irgrolveh in the tdnestimabtor] Ribiménce

wherein said naurb@phm{aeg,ig, s S 1 . roplasticity. 9. Th t hod of
claim7, wher e;% i@i d neur oﬁelrégg’tn?gtpn%%dsﬁggﬁ?gﬂeﬁﬁﬁ SIENE IR P HER ﬁﬁ%(ﬂio.
The net hod of yag fEngery inms 2-6, wherein said sensorinotor performance
i's enhan\(p:aid téll_t;lgougl;l1 i ncreased growt h hornone rel ease. 11. The net hod of
claim1, wher methdd bofaslaiai 9 ¥herefn | @H&, YiW th said.

pr e- def i ned pg?/a%' | activity. ’n12. Th%{ﬂ%&ﬁﬂﬁ& al ?n‘ﬂ%,%vaﬁelr Plﬁve?doambi as
signal is nodula I n response to a neasured physical variable neasured

from at Iesast one body segnent of said subject during said 24 8 Novenber
2006 pre-def i%@%ﬂ:@mdcmmm mxﬁﬁaofmh&cewlﬁg} abeagsi't able is
selected fromthe group consisting of, force, pressure, position, angle,
vel oci ty, %ndﬁemﬂaﬂaﬁﬁd&mllaherﬁﬂ%é%ﬁbgﬁn LML, .wherei n,sgi d bias
signal is a mechanical signal having a |sé§%lé§%%e&tﬁ%n%fs%53¥qua?ﬁc‘f‘o about
10 mMm . ..

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 ephanced
through improved neuroplasticity.

8. The methoq of claim 7, wherein said neuroplasticity is central neuroplasﬁcity.
9.  Themethod 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 ssid 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 responise to a measured
physical variable measured from at least one body segment of said subject during said



14. The method of claim1l, wherein said bias signal is a nechanical signal

conposed of one or nore frequencies within the range of about 0 Hz to

about 1000 Hz. 15. The nethod of claim 1, wherein said bias signal is an

el ectrical signal having a current density in the range of about | pA/in2

to about 1000 pA/in2. 16. The nethod of claim1l1, wherein sgi%\ghﬁﬁr%(ﬁpal
I'n e

Is an el ectrical qsﬁiggncgl conposed of one  or nore frequencies W

range of about PF-490¢Q PR aetyitpowheisin is maidaphisicabuarisblecis sglasitedgfiom the
sensori not or pgrohp coRNEBe b fReeS YRES LS waplNpUtting at
| east one bi asglgi gnal tog at | %égt oﬁéépg%ns ra?/él%&e}@%%ﬁg?c:%%rgﬂ I}‘ect whi | e
sai d subje i erform a pre-defined physical activity which utilizes
sensory ceﬁ's Wﬁ#hr?dsﬁélaa]g’ei’sﬁ’hﬁmg’ewd Brasasigndl isvai mpchanicali sigoslviadingn at he
sensor i not or p@j@ﬁ]@éeﬂﬁﬂpgfab%ﬂ ltlﬁ"n RNk nmherein inputting said at |east
one bias signal 1nproves the flunction of said sensory cells, and wherein
sai d at Ie§4st e bgﬂ]aa I gnal iﬁ generated and inputted by a system for
enhanci ng $&nso?i 8T8 “3@ InEAEEn i bas signalris aoneshpuicah gigaalusemensede of
device 10 whi @it inokesjucang Wit el il aHS bGE: b S00ERAR Onab! ¥
secured, and a signal generator comunicatively coupled to said at |east
one signal{dn Lece.far nerati.ng. said _hias signal.. 18. The nethod
of claim17; \F/T#eerlg%#%g da hg"g‘rei'%faé‘?g‘ﬂﬁ%‘?]r’rﬁﬂb@e?@c@ sispel ey ings qyrrent
stability. 19.denbity imthdiatgedf abbrtilMAVR? toMRRE1 0oL Eindensor i not or per f or mance
Is inproved gait 20. The nethod of claim 17, wherein the sensorinotor

perf or mancgs i ST RERYE n - 21...the.method of claiml17 wherein said
sensor i not or percf or nangfeé?%aji’ gn%%e{?e drrl%gﬁosrlg?ﬂltI ga?ﬁ?%&caf%“écmgﬁ% ©°5906
22. The net hodraforefreguendi?s withie tei mogaif dbse 058 forabwir1 0060 Har mance i s

I mproved notor skill. 23. The nmethod of any of clains 18-22, wherein the

SENsor i MO pehieB8 B efhahding MASHiES or fefoRtd eﬁms&;&g@@;ﬁﬁ,%@%@my. 24.

The met hod of claim 23, wherein said neuroplasticit
neur opl ast i ci t yDPUtENg atjenst opetbias gizon! te pllesst 08¢ senbmsy c¢lhareméfch sudiiecophilest i city

i's peripheral nglarsokast b&rdmbi - . i -22,
wherein said sens (,)b‘rﬁ'ti;j ot oir) per fnc%fa rﬁggﬁfeg%hpg&] Qémﬁ@)évh‘i’&%tﬂ’&e§ Q&‘?@ceﬁs
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 @ signal
generator communicatively coupled to said at least one signal input device for
generating said bias signal..

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

19.  Themethod of claim 17, wherein the sensorimotor performance is improved gait.
20. Themethod of claim 17, wherein the sensorimotot performance is improved balance.

21. The method of claim 17, wherein said sensorimotor performance is improved motor
learning,
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enhanced t hrough increased growth hornone rel ease. 27. The nethod of claim
17, wherein said bias signal is nodulated in synchrony with said
pre-defined physical activity. 28. The method of claim 17, wherein said
bias signal is nodulated in response to a neasured physical variable

measured from at | east one body segnent of said subject d rﬁ&gn&)@} hoe
pre-defined physical activity, wherein said physical variable 1's selected
from the grgup I&srmagtkad aficleiin 1,owbecinpaiissnseinpaspdri@nan@nigimpryel awtby |
and accel erati Qﬁﬂ“ 29. The nethod of claim 17, wherein said bias-signhal is a
mechani cal signal having a displacenment of about 1 nn to about 10 mm 30.
The nmethod of claim 17, wherein said bias signal is a nechanical signal

conposed of23: od&e arethedof any etglsmsil822nivhértin thhensangaonperfoanm cdiskihahsed

about 1000 Hz. hod gf .claim 17, wherein said bias signal is an
el ectrical si gﬁﬁuﬁg@ﬁﬂ%ng‘ﬂ'?ﬁmmmdensi ty in the range of about 1 p A/in2

to about 1QQ00 Eﬁ/i n2. 32. The nethod of claim17, wherein said bias signal
is an el ectfi cdhe Bregrdof elaimpdd atherstin saitheeuouplasticiey fsrcenfrd nereslagvidity n t he
range of about O Hz to about 10,000 H7 33. A system for enhancing

Sensor i not @S. pEhé MEMBAGECTih 33, HHRRE bai ARk 'isﬁsﬁ%]ﬂ%lﬁog%@& to

which is secured at | east one signal input “deviCe, rern sa | east
one signal ggnp lGe ds repositi.on onp said wearab) e device; and a
si gnal gener at gfrm %ﬁ‘ogeone?’ngt ?Eﬁ’g&aclmgﬁgig Hg%eﬁe%ﬁ%‘ﬂeqeﬁs%@%?fspgﬁ@mﬂce is
generator is ecummeditlrabglypbicaeedypdvadl hbenordirdlegbonal i nput devices. -26 8
Novenber 2006 34. The system of claim 33, wherein said signal generator

i ncl udes a2poWeke SOHEE BF cRinS| N, rand a ntroller. 35.. . The
system of claim 34, wher gllalrllﬁslg’i esr?lgr?gﬁ%%ggﬁ%@sﬂ%ﬁ“@%@ﬂ“ﬁ?&ﬂﬁ@?&ﬂB’iﬂbf‘?‘gn
nodul e for aoﬁ’fﬁ#ﬁﬂﬂgnlh'@icdiaaévimgnal produced by sai d signal processor.

36. The system of claim 33, wherein said wearabl e device forcibly presses
sai d si gna28.i i metod | 6 clhidn 117E WHERIE 6did HiddKdiBna? Y (S RIated tLem of
claim 33, wherein said wearabl e device is (l:orrﬁggse gor?&dgugart%t%a éﬁxfstgbfii C.
38. The syst er‘H’Eﬂs"IEﬁi&’ wvicl vagiple aneasused fom;aghedst openbodyt wemp 0B paibiubjemabl e
and removably dufing 3gidCsrel R5E Phy¥RaAl A0y IGKLASr 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 compossd of
one or more frequencies within the range of about 0 Hz to sbout 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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39. The systemof 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 comrunicatively coupled to said
signal input device by an electrical conductor, at |east a portion of said
el ectrical conductor being secured within sai d wear abl e d

protected by said vvear abl e devi ce 41. A nethod of |mrov§\rﬁ°%%m%gp2006

neuroplast ity in S e ste uttin east_qne
b1 a5 o1 gnatht otheeEadt s 23 oREBHY e Fena asdeaier bl Ko sPfnrecliepd
I']subject is RRsdefdorandadodticileslef i ned physical activity which utilizes
sensory cells wthin said sensory cell area and which are invol ved in t he
sensori not

f b h d, .wh tt d t
one.bi a5, SPna PRSI 247 TRETH e SRl daberog e ettt mhye A1°
met hod of cl aida &mwﬁls{gxﬁﬁ;hrddd&aﬂh@ﬁhdiﬁ iprdbebsér.cent r al

neur opl asti ci ty The met hod of claim wherein said neuropl ast | CI ty

n B subj it CORGVRERRD i % e P SEeeD ﬂ R TBp GeSHaebua
at | east one sdNietytheaubjedt!sshkinurfaces ubj ect V\:hl |l e said subject |s
performng a pre-defined physical acti vi ty which utilizes sensory cells

within saigss o | j r
per for rrancgéLl ?@Ebﬁeﬁﬁancg%&aﬁq‘gwﬁ%ﬁ &féﬁ%éqﬁg#éel n ﬁkﬁﬁﬁi’?ﬁf&c@%l& at
| east one bi asfamignal i nproves the functlon of said sensory cells, and
wherein said at |east one bias signal is generated and inputted by a system
for enhancsfg BRNGQEHEH MimP, WRERRNER sifRl gmﬁﬁbﬁwm&@waﬂcﬁmﬂampl e
device to which at |east one respositionable signal input device is
secured, and oatiérhpdde saidayearableslevied muni cativel y coupled to said at | east
one si gnal i nput device. 45. The nethod of claim 44, wherein said

neur opl ast B&.i tThei systeﬁnbf €lhinh OBy whereis saidisignal inphit déliee inwicobidally cohmoted 46,
wherein said ne sticity is peripheral neuroplasticity. 47. A nmethod
of increasing %&ﬂf e release in a subject conprising the step of
inputting at | east one bias signal to at |east one sensory cell area of a

subj ect whi#f.e Thesyatemuof elaim 33 wherdimsaid pignal generatpsis ensemiytcatively coypled \tpt y
whi ch ut il zesggeg ﬁf'ak&mmﬁ;a@cﬁal%ﬁma%mkmmmmre

i nvol ved in the Sensor bt oF
conductor being secured within said wearable device and protected by said wearable

device.

4]1. A method of improving neuroplasticity in a subject comprising the step of:
inputting at least one bias signal 1o at least one sensory cell area of a subject while said
Osubject is performing a pre-defined physical activity which utilizes sensory cells
within said sensory cell area and which are involved in the sensorimotor perfommance 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 metbod 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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to be enhanced, wherein inputting said at |east one bias signal inproves
the function of said sensory cells. 48. A nethod of increasing growh
hormone rel ease in a subject conprising the step of inputting at |east one
bias signal to at |east one sensory cell area of a subject while said

subject is performng a pre-defined physical activity whi Cgf\ﬁ%f@éﬁﬁ%ﬁ he

sensory cells i1 hLn .sal.d senso cell, area and which are”i
sensori mot or pe\rl\?’%%}h@nlc Hing s ti—%ﬁé’ﬁ& s sighdrisprovies hetfimatign shsaid aénsdrgast
one bias signal dellprandeshetehtesalidiGiakith of LG - 0 cells nd wherein
said at |east ong bias signal is genefatag %alglﬁg%%eﬁ{%%a“‘ﬁ?l’@eg ¥ty
enhanci ng sensor Oﬁﬁfhépc%%?wnmﬁmer@ahmcs,mimwﬁmﬁism Al IAVRee
device to whi choahidieas osi i onahl e signal .input device is
secured, and a signal géea%@r?lgtr%sﬁ%gt Or‘m%}ﬁis@&fi‘%‘?tf%}flﬁﬁtﬁw% aadackigeel | east
one signal i nputBeBYwI0E comP8nicatively coupled to said at least one signal input device.

45. The method of claim 44, wherein said neuroplasticity is central neuroplasticity.
46.  The method of claim 44, wherein said neuroplasticity is peripheral neuroplasticity.

47. A n_;\ethod 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 éubj ect 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 tt_) at least one sensory cell area of a subject while
said subject is performing a pre-defined Physical activity which utilizes sensory cells
within $aid 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 inputied by asystem
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.



