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28 The muscular contractions of the heart are the driving force behind circulation.
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29 In cardiac muscle, the muscle fibers are interconnected in branching networks that

30  spread in all directions through the heart. When any portion of this net is stimulated, a

31  depolarization wave passes to all of its parts and the entire structure contracts as a unit.

32 Before a muscle fiber can be stimulated to contract, its membrane must be polarized. A

33 muscle fiber generally remains polarized until it is stimulated by some change in its

34  environment. A membrane can be stimulated electrically, chemically, mechanically or by

35 temperature change. The minimal stimulation strength needed to elicit a contraction is known

36 as the threshold stimulus. The maximum stimulation amplitude that may be administered
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activates all of the nuscle fibers 104 within its control, that is, those
nmuscle fibers in its notor unit. Depolarization in one region '105 of the
menbrane stinul ates adj acent regions to depolarize as well, resulting in a

wave of 106 depol arization traveling over the nmenbrane in all directions
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W Igb becomne The agnefid eiphasiclwdegforne had egn disetbsedin [BSeHatbyt Nand®OOB)708 ahd ssue.
124 Throu?h el ectrical stinmulation, one ma%/ mai nt ai.n nmuscl e tone such that,
up&h héai2ifg4se Mhghanygicterad Uen Patent Ne- Ha#3,31% todetls etal aBete. edistendi ssue
reggpi NS,: r i I and
st Dyt BUBLAl o AGRER nhieRarbi BEARCHR ool S ERNETATIEEE, N
negs al thpadléomde serfiads itsbldt This? theghargelappliédig thdse phases &y ofevety loer amplitadei at ed
wth the stinmulated tissue, the patient 129 ArerrenbersQéhow to contract

t[\)éﬁ_ par t i clrgly, birbesie stimrlutior sisdlosed il SrbstneNeoh¢Phdts ©rPygganafhe i
oo narais B Ofsl AR Sk b lubliSpPLBRR  LAEORRAE T

congli t itMLﬂ?lt%ﬂ‘bhﬁlt.e The phihdes of the bihagientimatitiondisefosad re@dbqiial MughRided! nOt Or

units at a lower voltage level, leading to superior 133 nuscle response.
1349 Lagnd guraliphasi ¢ stinul ation as provided by the present invention may

be _desi rabl . 135 i mul. t i nmuscl es
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oved el
invention. The combination of cathodal with anodal pulses of either a stimulating or

95  conditioning nature, preserves the improved conduction and contractility of anodal pacing
96  while eliminating the drawback of increased stimulation threshold. The resultis a
97  depolarization wave of increased propagation speed. This increased propagation speed results
98 in superior cardiac contraction leading to an improvement in blood flow. Improved
99  stimulation at a lower voltage level also results in reduction in power consumption and
100  increased life for pacemaker batteries.
101 As with the cardiac muscle, striated muscle may also be stimulated electrically,

102 chemically, mechanically or by temperature change. Where the muscle fiber is stimulated by



143 stinmul ation of muscle tissue. 144 It is another obj ect o h
invention to extend battery life of inplantable 145 el ectrlcalfog 55502{@1
dewices. 146 It is a further obj ect of the present invention to obtain
effective nuscle stimulation at a 147 lower voltage level. 148 It is a
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134 Lastly, biphasic stimulation as provided by the present invention may be desirable to

135 stimulate smooth muscle tissue, such as those muscles responsible for the movements that



195 Fig. 7 graphs conduction velocity parallel to the fiber vs '
duration resulting 196 from | eadi ng anodal bi phasic pul se. 19701@§Eg/%q_q%3

DESCRI PTI ON 199 Zoo The present invention relates to the biphasic
electrical stimulation of nuscle tissue. 201 Fig. 6 0 6 S E P 2002 202 1
depicts biphasic electrical stimulatiaon wherein a first stinmulation phase,
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ang, du i 0 I j: St QN SE, 1Sl pately foll owed
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equal {mebmsente, and duration. 206 Fig. 2 depicts biphasic electrical
stinulation wherein a first stinulation phase, 207 conprising cat hodal
stldtul ati on 202 havi ng anplitude 204 and duration 206, is adm nistered. 208
Thi,s first stinmulation p I Sk i ‘ qyed by a second

spf@rul ation phase 209 co Tg—afrfoda 50 .“.j': 208 of equal intensity
ang; duration. 21o Fig. 3 depicts a preferred enbodi nent of the present
invention wherein a first 211 stinulation phase, conprising low |evel, |ong
dufati on anBdsthemfonmanabjeshof3be preasst mayention tngrpvida depeo4d elselrigalr at i on 3086,
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stigsul gkdleral @Ratddy musele) cikdifdmabcld 39d apBo@xhiRIe! Y two to ei ght _
mlliseconds. In yet another alternative enbodi mrent of the 240 invention,

calfhodal st iThakkeremcsgguired for the inmpdantablr stapylation deyicea dedrisd tapragtiethe ve
90! WMot PhegkF i AHEA Ve b0AIB i MR G2 atORubitnfPPT OXT MRt el y
166  implantable stimulation devices are capable of being programmed to deliver a variety of
167  pulses, including those disclosed herein. In addition, the electronics required for indirect

168  muscle stimulation are also well known to those skilled in the art and are readily modified to



242 anot her alternative enbodi nent of the invention, cathodalnquqygﬁiﬂﬂﬂz
408 is of a high 243 anplitude. In another alternative enbodi nEnt of the

i nvention, cathodal stimulation 408 is in 244 the approxi mate range of
three to twenty volts. In yet another alternative enbodi nent of the 245
present invention, cathodal stinulation 408 is of a duration less than 0.3
mile? i seeashesthgmpthad of theipreseant inygBligft-eat er than twenty volts. In anot her
alternative ochi i {i 47 C i mul ati on
3080) ot o 227 BRG)ER BoarbitF oL R LRt Ui CAMBecdd ™ 5 25
Ml i velitSlatibR phde, WHRB&h stinfgdtRdaghadyhay cﬂﬁﬁﬂ?ﬁdxﬂ%ﬁh&e, shgpey@ld as those
alterations and 249 nodifications which may beconme obvi ous upon the reading

of172 hi durggieri i aprefesied embeoditant.the 5ot Ardincandpinseehaviesiffgingnolaritiest vat i on

i hi in.the.fi f stimulation. 251 Fig. 5 ' i phasi
o281 r pabAarh i ol it APERFo Bhasfs P SE Birteifa afphoe o o588 lchusiivB g ©
sefh es eRrBddigfent MRddNo fHak&aTe of SiffRFAE Bidtien. CBh Athird ARbMbeeerRBimbn, #ge 253

enbodi ment, rest period 506 is of equal duration to stimulation period 508,
andsi s fizg phasdris in schopped wavdrtosel ilme feurfh alteoniéive pmbadiment, sheramplitude of

enbodi nen rest. perio 06 is o 255 differin r.ation an sti.mul ation
PP o M0k RiESs i Tane Brdnbtat sfudane ettt 8 i sl BimBla g 506
0cGHr S @i HlodSBfflseHt nftiRlh QBbRRKHhAE anfPpBrudditbih fohg d8aeieR! dndihd &R’bnd second
257 stinul ation phase, conprising cathodal stimulation 510 of conventi onal

i nt7ensiphgseafdtiREBtidni st ¢asimpdal pwteciofshettydufaioh eng higheanybitpdestl ismoted thar i es
502, | | t er.nat.i di t of 259 the | 1.on, the total ¢h
CriZhot S Hatri o EmRbLe spBogmeRiisanpe Sorhard Grehte Hohe Bitfnx: mum
sufgh hr eshalisht e hiterh S RNANBRmAItE S @ﬁtﬁhd’e‘ﬁ t§ 'Egg?é_s&%& bPlval e e*di‘x;{;!?xé‘t 1on,

cat hodal 261 stinulation 510 1s of a short duration. Inh yét another

al 18er nanlyy encearb@dt hmaitingof t he i nvention, 262 cathodal stinulation 510 is
approximately 0.3 to 0.8 nmillisecond. In another alternative 263 enbodi nent
of18he invention, cathodal stimulation 510 is of a high anplitude. In yet
anlgg3 her 264 alternati mgbﬁgg@;%%ﬁggtdpﬂﬁymmegat hodal stinul ation
5107is in the approxi vol ts. | n another

al tser nati ve enbodi nent of the invention, cathodal 8 06 SEf'" ? 002 266
stinmulation 510 is of a duration less than 0.3 njllise¢cond and at a voltage

gri8at er t had§idppychegatigserresentation gbleading anedal Riphagie swnBBHPHent of the
prgsent inveafi Gt I | / I : as 6.0
niﬁ?isecond?ﬁéﬁggﬁgs a @g?%gdﬁhgﬁbﬁéaﬁﬁgﬁ%gﬁﬁﬁﬁﬂPﬁ%%ﬁf?ﬁm%%§957o EXAMPLE 1
27187272 St i IRig.3tik aRclanthtipreragatation of lkadiagarddat siimaladbn bhwieodandi um wer e

studied in 273 isolated hearts_usinglpulses of differing polarities and
phi$§ es lomgduratione follosved by gepeentigpalicathodal stigwdation. f i ve i sol at ed Langendor f f
perfused rahbit, . - i i ] A j i

Delbred Lol RS O Ao AT B0 LT SPLGAITIRE

beioweenng longhiurdtionp ooy ed bgt cohvimtithdl lchied sl stinfutadion! he stimul ation site.
Transnmenbrane 277 potentjal was recorded_usi&gﬂa_floating intracel | ul ar
n @loel ect r §dR 5 iRschematisupnigseptabion oblegdinganodyl stimylatipn eflovisHelmdsi ¢

c od 14G I : i phasi c
o0 A TR0 R R SR SRRl P
copduction m@grhmrwﬁ@mﬁntvelofzit?&ansik'efse@d therfibkovs. ?@ﬁﬁg dtrhtieh teultiagi on
protocol adm nistered, with stinulations of three, four and five volts and

t w4 284rom ldafling epedp! bithasic gulset i on. 283 TABLE 1 284 Conduction Speed

Transverse to K ber, Direction,, 2. nsec 5. dug,ation 2s6 3V AV 5V, 287
CfRous! ° Nora g Ris pghgituod Velogit BERS IS yie i kS habieg altaulod ribtiyfng” o
25@6Anqﬂﬂﬁkﬁ@m@@h&&ﬂgg%ﬁﬁgpﬁma.3 cmsec 27.5 ~ 2.1 cmsec 31.3 ~ 1.7 cnisec
289 Leadi ng Cathodal Biphasic 27.1 ~ 1.2 cnisec 28.2 ~ 2.3 cnmisec 27.5 ~

1. ®7cni sec 290 Leadi ng Anodal Biphasic 26.8 ~ 2.1 cmsec 28.5 ~ 0.7 cm sec
290§ ~ 1.8 cntsec DETAILED DESCRIPTION

199
200 The present invention relates to the biphasic electrical stimulation of muscle tissue.

201 Fig.



291 292 Table 2 discloses the conduction speed al ong fiber di OE(?tSEVPfMZ
each stinulation 293 protocol adm nistered, with stimnmulations of three,
four and five volts and two m|lisecond 294 pul se duration. 295 296 TABLE 2
297 Conduction Speed Along Fiber Direction, 2 nmsec stinmulation 298 3V 4V 5V
299 Cat hodal Monophasic 45.3 ~ 0.9 cmsec 47.4 ~ 1.8 cmsec 49.7 ~ 1.5
crifdec 1mmcmrmﬂwswmb@mésmmuhsorlwhe@lma first stiraulgtiorgphase, osnwm@ngdlalg ~ 0.7

S 203 °° stimytad 1 s Faming a4 A7ing RRIN 384 ARERra BRI T Bisd srutiaof ™ °5C
crggec Pﬁ?se@s irhedlaely t%ﬁ@w@d’fbg a Secdnd shiRA6n BRAe 36thprikiag @hthf)&{l @ﬂﬁlﬁf&tlbﬂ

conduction velocitiés betweenh the cathodal nnnopha3|c anodal
n295pha88 of equahuitengity anchdutatiorbi phasi ¢ and | eadi ng anodal  bi pha5| c wer e

f d to be_3 f t t tenti al
reBur ement £16 BHEP SRR iga Bl worat ey SO BHER Blsbpon. o
p%? nt 'céilnﬁrlm c;tﬁbm sﬁﬁuféﬁBﬁ Qb?h@vﬂ\?lﬂh M‘ﬂuﬁ@ﬁ‘h@n&c‘ﬂﬁﬂt@cﬁﬁmm 1%1]&8?3\%1‘?'[ Ion

velocity  ongi tudi nal direc For a four volt pulse of
m208 i s€Efng ﬂrs%stﬁamdlauam phase i{ tiithettidtayfollasedBy Hseeold dtinvhilation plasecat hodal and
75.5 ~ 5.6 V/sec for anodal 310 pul ses. 311 312 EXAVMPLE 2 313 314 The
ef208ct §OBPTiviAg gRods! pimnlagon 208 %fc"(ﬂlué @Wnﬁg}f@}déﬁlr@}%t r ophysi ol ogy were

yzed 31 f Stinmul ation
mrb‘;}b Aol i o d%%%% Cﬁglcksa’% :&%t REQG B@%ﬁ%‘i &Fth tfiﬂvén"i’iBH '»Jhe%?? Pt

at a cons tage rectangul ar pul se. The

f o1k owstiguRKkioh pha¥eScompriigKlam o, loﬁg)a@@hmmcodan&uﬁm@@i 302.hs4ng Nonophasi ¢
cat hodal pul se, |eading anodal bi phaS| C _Ful se, and | eadi ng cathodal 318
blzdﬁaSIa@p md§e"04AH¢ﬁ1Wia P3G} iy eAmmisteroghs hlﬁ@r%ag@alqhﬁn@h@sevmmmgdlétsbf from

o | nE i 4 e s R B AL AR S TS oA "

Epiigar %té:hsﬂ@@ﬂd dGfation. UEAOAickhRive WRIbBIIRRAS Uf e iledfigh, aRsdal 2dmul@Bs 882 Se to
the left ventricular fiber direction at a di stance between three to siXx

m A1 més @meaxdmpmf subthresheld asiplitydentIniyeidngthet pléematielembodiyaent@f thed 7 depi ct
the effects of s | ati.on ur ation.and t he, protocol

Stiiful dEeBRoRdRpR! SHEnioR A0 et Brseip e Pbmﬂ?%eltg@mvw’@bo%ma@p. ct's
thg,veleget 1h%tﬁg??#g§%tlgﬁ?é’fﬁﬁ@0t2h§ Eﬁu Hibh b 6ﬁm% d<tofEx ti meters 325

transverse to t ection | ST cat odal nophasi o
sta1gul aillzacd? Bt destbersdlteatatise embochhmmersﬁthenwann oathydl etilimlyatibmr each

stirrulalon ul. se duration te Th|s37,isfo owed by a

mﬁ%aphé Wﬁrtaﬁuraawnegma% rjaligpet e %@am%! {afh@mﬂ% Fﬁﬁ?@é. on 328
T i gﬁ{gp ng anodal

bi pﬂasFl @m@,@%ﬁ at| %@g@éﬁg@g’ @gg&b&hﬂlﬁ; ppgﬁ'é%ﬁgle%t%rgiﬁﬂees measur ed

bet2wne e rnibbdimeentdf thieimteation &lamodabstlmdldtlomnsoﬁé’:ﬂlghamhtuelle hariduigerf | ber

direction. In this_region, cathodal nonophasic¢ stinulation 702 332

de%%énsta}talﬁlégvﬁt smbadimgricl thoimyentionpeatiedabstimylation 308istin hei apnroximals gese
231! 90 el ESloSlend iy %ﬂgéé Yoth & Mebui0f cABSHRen BRPPARER ichiib, 2t on 704

I eadi ng cat ho
224 cathodal stimulation 308 is of a duration less than 0.3 millisecond and at a voltage greater

225  than twenty volts. In another alternative embodiment of the present invention, cathodal

226  stimulation 308 lasts as long as 6.0 milliseconds and has a voltage as low as 200 millivolts.
227  Inthe manner disclosed by these embodiments, as well as those alterations and modifications
228  which may become obvious upon the reading of this specification, a maximum membrane
229  potential without activation is achieved in the first phase of stimulation.

230 Fig. 4 depicts an alternative preferred embodiment of the present invention wherein a
231 first stimulation phase, comprising anodal stimulation 402, is administered over period 404
232 with rising intensity level 406. The ramp of rising intensity level 406 may be linear or non-

233 linear, and the slope may vary. This anodal stimulation is immediately followed by a second



0 6 SEP 2002 334 stinulation 706 are simlar to those with a IQ -
nonophasi ¢ stimul ation, but denonstrating 335 slightly quicker r@ggé]gp gﬂgz
fast est conduction velocity is denonstrated by | eadi ng anodal 336 bi phasic
stinmulation 708. 33'7 In one aspect of the invention, electrical

stimul ati o& is adm nistered to_the cardiac 338 nuscl e, , The, anodal

st¥Pful SEMBRIEH EAmPEFngicathadal stimplagion 408 pf eqnveptiona] iensity avddwratiy

c ia AN Y. | 2 1 e, t citation,
0, B EBR Lo PNSKORBILE, BRSSPI i PP,

r e3eas eubthrshdlempitide! [igbt SbidtRéd erfiv el bbodigiRhi &Cthé @iventdshl adéfl cat hodal
stimul ation conponent elimnates the drawbacks of anodal stinmulation, 342
r 8311 t sigulatioe P2 tisgste agraxdmum amplivededthatap less thanthyeevoko | Inagethkevel t han

d b ired wt 3, | sti.mulati . Thi.s, i.n turn, extend
ettt e B peithind of e UG BTk Bulalbriloit e 0B ph "o Second o
aspect apfrokingatdl RS td S1Bht RIIRRASAE, B falahbtel alfihdivk dfibB8inkeht 8FHLNi stered to

346 the cardiac blood pool, that is, the blood entering and surrounding the
heddt . invehgorsathbédal sgmulation 8 axcofst shottldatdtion. b advslr altematiec ersbodimentt

| acin | ectri.cal |e ln. intipmte contact wth 8 rdi a i ssue,
AT eyt BenmiAmtin fHeRal S rRUonlE ToSRHAGIE B on 08 IGaGaRd oot
Stisgnul ghdpg ﬁé&ahbf]aﬁta@&iﬁleﬁfoﬁhpm ffo ,EétHH&dﬁ‘E%ﬂﬂlaﬁQHhﬂs §tcﬁfaqﬂ iyia the
bl ood pool is In the same range as 350 standard stinuli delivered directly

t @43 he amplitudemirsarlother Bhtermative érhisoditaentai the iphagion, eltlewiat stiahla@énl408 ishiml at i on
to the cardia¢ blood pool it is therefore possible to achieve enhanced

cai atheppproximatedangeh gy {Bientvsvalise imyet netbrralicntiva smpedimeabekihac
muge! epf’e?ﬁ?ﬁﬁve%ioﬂ%ﬁﬁfoﬁﬁl s‘glfrl{lﬁﬁ}o% 408 i$36 &Hﬁﬁl&l %99&?88'3 mﬁﬁs%c&r?ds%.nﬁ 2{ % d
aspect "o he Tnvention, biphasic electrical stinulati'on s applied to

stb at editdepréadahat @entymusg| & hndkitalterhatvecanbodidbntT (18 prasead veiitidi)
cat hodal stimulation results in the 356 contraction of a greater nunber of
m4e| e catbodal stimulasiond08 tastsras|lenggsd. G miligeoondwandris ervoBage as|lewtas 208

. lting in. i | . The benefi f th
S8 TR e e RS RE0 RS SR BRRE e BPR AR b s P
a4yhemddifecatibhdWhidh ntdy YeSordd 8bvibe wifmlthé tAREDT tHid Speekidation, BaRslimsm may be

realized in physical therapy and nuscle 360 rehabilitation contexts, for
exafp| amenthrang posentighwithoyhastyaliondy eghiqvieddn thigifiret phase ofrsginfudations1 danmged

orBlcri ca ' S mpanshioRess Bsfrisl YRRt esta o St N Fon esey; S0Er ol

Smot h comphkifg k&ids BN S brbdalSul¥@! IsadrfinibietddAVambR@AE 804 OTrd@es such as 364
the stomach, rntestines, urinary bladder and uterus. The fibers of snooth

mPAse| esmbpdimeapatit pe3GbSeS isof equdl duratign easthmatier peribd f08, amide one fiber is
stimul ated, the depolarization wave novin 6. over its syrface rmy excite
S A5he o AmHIEERE of GRSl St 1B AR e oRira et PORRRSPE Rotd 11 = 0 6
S P : i | I Jn.situations
e Ao W i M R 0B Snd B Ater Ol (AR P e, i g

t mis d®sstrpebied 506 echas aftereacicgphulatiorn peziodBO8Nwiththe éxiceptidnl thiten seead | vy

apparent, to 370 those skilled in the art that the foregoing detailed
4i8¢1 ostimalation PhesenepsRprisingthndaktimulefion Sidof cepyengpnaliniepiity @i y, and i s

i mit ing . - . ; i : T
ok Uil imVA AT AR B cOBleipiTBE TR LA RATP EbERIERE |
3739 st dicidvérionl the totheargmtintfefrad tRoggh RHEESEX dfmddARUniuMNoAEMRAE S ar e

intended to be 374 su]gaested hereby, and within the scope of the invention.
FLA6 he maxmemstptiasheld ey shulnsansthey slteraafiviei et diment wf thegpeantipncesthodal ar e

thin.th i Lt f i Sti l.ect r.oni ith, 3 i at
oSt asih RSy R oteifauBh, it k8 P BerHEE ST eRBodnied Al e ARRAERL, ray
bex377 caBsid alnaldtion 3Udid dppradimaielt@s k03 niiieseEorRl. Gfahbtaal alfehdafivb at i on is
i ndi cated; such as, nerve 378 tissue stinulation and bone tissue

st268ul gmbeAiment ebihgiriention.ccagofahstintulasioniSd 0is of 4 kigh emiplitudy. BYgetahether
f 046l1 Owaﬂgrng’cli\?e' e”rr%boad?r%er?tq)?'tﬂeailnggr}tlson} cba roedtaPStirgl?lgti(;Ln2510 is in the approximate range

265  of three to twenty volts. In another alternative embodiment of the invention, cathodal




0 6 SEP 2002 380 381 382 CLAIMS 383 What is clained is: h
for stimulating nuscle tissue, conprising: 385 defining a fi rs'iﬂgt IS;EP m
phase with a first phase polarity, a first phase anplitude, a 386 first
phase shape, and a first phase duration for precondi tioning the nuscle
tissue to accegt 387 subsequent stimul ation; 388 defining a second

st2frul aimBlatipn Hbls\mftaniuaatmlaﬁaﬂfia}l ®d ﬁagiS@@nﬂ@nti Ak Yoltage gFates dhandwariyt y, 389
a.seco
R S T e T R e R R S e T
Staegrul fdsiseis I@Jrga&es(nﬁumemﬁamld&sagzblthgeasrws/c‘alseoo infiBleltswher ei n the nuscle
tissue is selected fromthe group consisting of striated 392 nmuscle, snooth
nﬂ@%le and m xed muscle. 393 2. The nmethod for stimulating nuscle tissue
MLBF PE W@veforns according to 394 claim6, where the first phase
itude s equal to or less than a maxi num subt hreshol d 395 anplitude.
39%613. The method for stinulating nuscle tissue according to claim1l, where
the 397 first phase polarity is positive. 398 4. The nethod for stinulating
m2§2;| e ti ssSénwéat@n@ndger@g@ncm olpractenibligse f theomgomrdibmorere stdiedie of t he

f nplitude | than t by t f t d_ph
2G8% OB 3G Pulpfo R RALEE PRyprites At Pttt Pt e Bmeh Bt S8888 i ng ¢ o
clakm byt WHRESsIRtEd AL%% a{a%pﬂfgéﬁgéalrmltq{eaﬁ@eca‘)ﬁdu%ﬁomasﬁwmh'et ude is |ess

t han the absol ute val ue of e second phase 403 anplitude. 404 6. A nethod
f @75 st ephrdiunnyassesieed unwgIan avratYmﬂhlmﬁiasal@tmdesechmrenmmwm inmegle 405

def i ni a first. |rrulat|on sevm flrst hase larity, a first
oridte Difsfeet straniliagh i ror BADECH o hesimaf S6. BRabintia on' for
Pre¢ ondbich@sivig réé&dé&{%ﬁ{%ea baim %‘%ntfr&eﬁﬁlﬁﬁﬁicréﬁf?ctﬁid@s ?ﬁb’%llovﬁh% Golon; 408
defining a second stinulation phase with a polarity opposite the first
phase perasiaminedd o®naphasiworathodhbmasea npinbphade anhdal putse] lradjeg cathodebsol ut e
val.ue than the fir phase l.itude, a 41o second phase shape, and a
seddnd %@&Pﬂﬁ?ﬁﬁ@@l%ﬁﬁ%ﬁmﬁfﬁ the first stimulation phase and the
segpnd sti Myl s&%§ﬁre‘c’6n&&‘ﬂf6ﬁ@?§edtt Iverse 1 fibeP direction 302eatit2 t he nuscle
ti ssue, wherein the nuscle tissue Is ected fromthe group conS|st| ng of
st2si at etimdbfonpetom] adminidterediisich stiravldtionsofdhreeiSolresnd4ive wite ard twd he first

phase a ]itude is ranped froma baseline value to a second value. 415 7. A
nezt8%od 1ifsecand s YioRuscl e tissue with bi phasic waveforns, conmprising:

283 TABLE 1

284 Conduction Speed Transverse to Fiber Direction, 2 msec

285  duration

286 3V 4V 5V
287  Cathodal Monophasic 18.9 # 2.5 cm/sec  21.4 §y 2.6 cm/sec  23.3 # 3.0 cm/sec
288  Anodal Monophasic 240@y 2.3 cm/sec 275 2.1 cm/sec  31.3 & 1.7 cm/sec

289  Leading Cathodal Biphasic 27.1 @y 1.2 cm/sec  28.2 @ 2.3 cm/sec  27.5 ¢ 1.8 cm/sec
290  Leading Anodal Biphasic ~ 26.8 @ 2.1 cm/sec  28.5 # 0.7 cm/sec  29.7 ¥ 1.8 cm/sec

291
292 Table 2 discloses the conduction speed along fiber direction for each stimulation
293 protocol administered, with stimulations of three, four and five volts and two millisecond

294  pulse duration.

295

296 TABLE 2

297 Conduction Speed Along Fiber Direction, 2 msec stimulation
298 3V 4V 5V

299  Cathodal Monophasic 45.3 # 0.9 cm/sec  47.4 @y 1.8 cm/sec  49.7 ¢y 1.5 cm/sec

300  Anodal Monophasic 481 @ 1.2cm/sec  51.8 @ 0.5cm/sec  54.9 ¢y 0.7 cm/sec



416 defining a first stinulation phase with a first phase pﬂﬁﬁ@%ﬁﬁ)?@inrst
phase anplitude, a 417 first phase shape, and a first phase ration for

preconditioning the nuscle tissue to accept 418 subsequent stinulation; 419
defining a second stinulation phase with a polarity opposite to the first

D 88bn L Clipdl Bphastn 0 ST S ppioRey EHﬂ‘%%gﬁsfceéfs%FS?%‘?.@}?‘EE@@SES he
sé8bndLeadingAaedad Biphsise | A2-6hZener/sed 4523tMd hemlsee t P43 2. IpmIEE N t he

le tissue is selected fromthe group consisting of striated 423 nuscl e,
sioot h nmuscl e and m xed nuscl e; 424 wherein the first phase anplitude is

ragped fromrae BFrprcBeincdhigctiod valozRies Betweah UR cathiddabiinoyhasie] sholisle
absol ute val ue of the second value is equal to the absol ute value of the

4265 s etwndplpisits ladingcathoda biphagic and teadinganpdal binhiasia weré foyndtsbs e ti ssue

wi_t h biphasic way, I C rising. 2 defining a first stinulation phase
wbh aSBRE AR EOOR Eropt (e Rigngih B A n Al ket B iy 0
shgpe, updifbka ((dV/ehmRDasTehdIAbh ipBfentifls wak ESRIAdb thRAhRAVAINitHURhanddsspue t o
accept 4 subsequent stinulation; 5 defining a second stinulation phase with

a 3pd| acondpcppogdpcity bindslllct loogitudiszal dpﬁqm ;ﬁwlrarffowolt@uzl\sesﬁm?mibidsa@mdanpl it udg
ot Te | . ; . | k
ot naBal WvidSC et s e 2 Wity shfodal ata 75 s G eeh tampegt %"

styigrul ghis@n phase and the second stinulation phase in sequence to 9 the
nmuscl e ti1ssue, wherein the nuscle tissue is selected fromthe group

cansi sting of striated |10 nuscle, snooth nuscle and m xed nuscle; 11
wherein_ the first stimulation phase further conprises a series of

st¥ittul EXYPhI%es of 12 a predetermined anplitude, polarity, and duration.
1,9; The method for stinulating nmuscle tissue with biphasic waveforns
according to 2 claim8, where the first stinulation phase further conprises
a 3eri es of Thesffegeof watging padifig prittecolssdrheaidiboelestrapiysiatogp yverrismlyzed | ssue

wi t h bi phasic vefornms according to 14 0 S EP 2002 2 claim9, where
appPyi H@‘ngiré"%\gg%‘?fg RIEPHE 15012650 18Rl Bearis Sﬁgw?aé@nms%gh%dptﬁﬂw Rirtet Pest

per L od { iLu . t il at i | se. 1
b Tty SoRASTA AR AR 5fo MiloRinEhrol ERR v R BR Abifedl 2

acepr diafiglal pulde, ah@iophdsi catliwlabpilbe; leaditie gpodal dibhiasic philse sl leslimg@édtiosdat o t he
duration of the stimulating pulse. 1 12. A nethod for_ stinulating nmuscle

t 1338 ue bighesic prlseadlminigioret JoHage wanipeteaseddn ope vl stepsigors opp ke fivesyeltul at i on
p e Wt j D pol ani.ty, S i tude., ifst phase
Srise, Mgt binddaRga il hids: Rrbddrihal iRV Hifse@at el S5 8 T o

acnept fribnstwaseaeenillisédonid. aipiedrdiabecadhictionnglétiteondte nichsured albh@andhase with
a polarity opposite to the first phase polarity, 6 a second phase anplitude

t 8t i &rangegeo the lafb yemtiewlan Bpqdiresfign atRalistancs peiytegn draeis six guldimegers 7
segond RAARE 180 AR Eric ANt WHE Oﬂgs. RNAGSe &chﬁﬂeoé}fecé%q stimulation pulse

323 duration and the protocol of stimulation administered on the conduction velocities.

324 Fig. 6 depicts the velocities measured between three millimeters and six millimeters
325 transverse to the fiber direction. In this region, cathodal monophasic stimulation 602

326 demonstrates the slowest conduction velocity for each stimulation pulse duration tested. This
327 is followed by anodal monophasic stimulation 604 and leading cathodal biphasic stimulation
328  606. The fastest conduction velocity is demonstrated by leading anodal biphasic stimulation
329  608.

330 Fig. 7 depicts the velocities measured between three millimeters and six millimeters
331  parallel to the fiber direction. In this region, cathodal monophasic stimulation 702

332 demonstrates the slowest conduction velocity for each stimulation pulse duration tested.

333 Velocity results of anodal monophasic stimulation 704 and leading cathodal biphasic

10



8 applying the first stinulation phase and the second sti nul a@ﬁo@@ﬁa&@DZn
sequence to 9 the nuscle tissue, wherein the nuscle tissue is selected from
the group consisting of striated to nmuscle, snooth nmuscle and m xed nuscl e;
11 wherein the first phase polarity is positive and the maxi num

subt hreshol d anplitude 12 is abq 0.5 to 3.5 volts. 13 13. The nethod for
st¥hul SEMAEHAR LS arersrrilardo Hase v %0@%} mr@@hﬁc stippelatéon, but dsmanstratingyhase

U3t Ot QP ARkaoT G A S0 IR iBE £ AAPRIBAOAUEAL Bteadile Modf) T2 MO0

for st e tissue wt I phasi et or s,

desé ni bgahamésﬂimtﬂaabmrmsation phase with a first phase polarity, a first
phase anplitude, a 17 first phase shape, and a first phase duration for
pr3é?:ond| t i offi PiRp aspect o e levmt@aﬁecttr@caééa@gkatlm issadpynigieasst todhe eardige i on; 19

|8 h he f
ke BoheSer i MgRL il DrpaRag ofbindade BRH G LoRERER MEmeRisc ot ut o ©
vahsle Eﬁlﬂ[hctcbﬁ‘tridtl'h?‘ %@mﬁg fhe @issuR pibr BLGRME o) d8inzha BterdMguBe Second

phase durati on plying the first stinulation phase and the second
st3|40ru| a@mewtlplhas@e iintraseldulanesécivm relsaaeh@drths cdseltlmg§sm‘10r whrdiagicantramtionuscl e

fromthe u d..24. nuscl e, snooth
ALl 'e kAR iR Sl MBrtRLns PSRl RS RIRTE o | Shet s
Icm aseshhﬁlgsseﬂeaw%aﬂ@accbﬁhﬁﬂatm a@B%W&@o&ﬁgJ eV dtthAhRe€d Be reuied with about
one to nine mlliseconds. 1 15. A nethod for stinulating nmuscle tissue with

bi3has irsodehstahulatien aloperpThisi indurn] sxtends pacenakepbateaplife andfrediicagitissué i r st
stlrrul tion phase with a first phase polarity, a first phase anplitude, a 3
it aﬂ@% ‘shape, and a first phase duration for preconditioning the

m‘.ﬁ§ le tissye,tQond ﬁﬁi%t & tﬁé’ﬁﬁz@ﬁl‘x’&f‘h gﬁhéﬂ‘éﬂe%‘cﬁ’%ﬂnﬁlﬂ%‘ i h('ilﬁuﬁ’stér@& fnd

stimulati on phase with a polarity opposite to the first phase polarity, 6 a
sedond t}rdmahacahipbd pudetmhlax thie bldodregtering and beroduntimg\the heart. Heis edablesi r st

hase ampl i econd phase s nd .a econd hase durati.on; and 8
a7~ i stian et e rBrepL P i £ Cy T8 ML A RaGHet PG | n
S%qyenesrcﬁae R &epawqﬁﬁuﬁg%e ll%l?r{o%'drbffdﬁﬁa%t%%ﬁ tfsgu%s Uthe! sgnﬁlﬁu% ted from

the group consi$ting of str d to nuscle th muscl e and m xed nuscl e;
1 B4ohetleesholhef Hlplnasstc spinasaiooiadatinisterddsviathel bdast pad isl in mlgs ﬂmdl’a&gesasc ond phase

dur ation t.he .12 .second phase duration about Illsecond
1 558, ! Aa@gﬂa B%ieg?qrﬂ@ﬁ&é?q?wdg Fh‘?gkf’ﬁﬁ r%t}sglshihm thg w&é%avhweé
t:
e i Fhfiiation e Tafihebod fipol 114 Mighdtblets ﬁﬁgﬁﬁgﬁéﬁﬁgwﬁéaﬁ@. 'st phase
duzrsat i @antfamop,rmlmw skdleal mgscldxmmaacdnecird&s ueustie damagpor advese giredts ot

timulation; 5 defining a second stimulation phase with a polarity opposite
t035§het}fql?1§? B‘H%lse polarity, a second phase anplitude that is larger in

abggl ut e va&ﬁ'strgmpw%fme iRberRiBASSPRAR dibiin sAmdlaiBH W ippRBRRihape. and

a second phase dura
355  (skeletal) muscle tissue. The combination of anodal with cathodal stimulation results in the

356  contraction of a greater number of muscle motor units at lower levels of voltage and/or

357  electrical current, resulting in improved muscle response. The benefits of the present

358 invention are realized both when there is direct stimulation, as well as when the stimulation is
359  indirect (through the skin). Benefits may be realized in physical therapy and muscle

360  rehabilitation contexts, for example, stimulation of muscles over time while waiting for

361 damaged nerves to regenerate.

362 In a fourth aspect of the invention, biphasic electrical stimulation is applied to smooth
363  muscle tissue. Visceral smooth muscle is found in the walls of hollow visceral organs such as
364  the stomach, intestines, urinary bladder and uterus. The fibers of smooth muscles are capable
365  of stimulating each other. Thus, once one fiber is stimulated, the depolarization wave moving

366  over its surface may excite adjacent fibers, which in turn stimulate still others. Benefits of

11



8 applying the first stinulation phase and the second stinul ati | n
sequence to 9 the nuscle tissue, wherein the nuscle tissue is gﬁesgg%ez{jﬂﬂn

the group consisting of striated to nmuscle, snooth nmuscle and m xed nuscl e;
11 wherein the second phase anplitude is about two volts to twenty volts. 1
17. A net hod for stinulatjng nuscle tissue wth biphasi.c wayeforns,

coNpri shahigstimulation g hg repl gPd. 40T SemRls 3 ﬁlawtlswgberﬁmenan@mcr: bgs PitEse

POer | L¥us @b§55&5agp§g§mgnplltude a 3 first phase shape, and a first phase
duratlon or preconditioning the nuscle tissue to accept 4 subsequent

st3|69rul at i on Havingehnsndesgriteedshe basic ainiceptlodtheanveitiangit will be seadidy appargnt opposi t e
to the first, phase polarity, a second phase anpljtude that is Iarger in

afge| uihos akilled trhtaﬁ apt faat e f‘s)regsmgéketaa% disclagure s infended imbe presenteddiyape, and
h dth
o 2500 BRER gy AL B A0 0P Vs LSl S imp R Prase and the

t 1333 ue mogifidations wneodws fdeart e dits tiwed sidtiedlinfthe vittbie agr oy pxgresydy st i ng of

striated |10 nmuscle, smooth nuscle and m xed nuscle; 11 wherein the second
prﬁaée giatedthesmin, Shesgarodifieations, 3liwafiphssand sRREOVEmENtstiEe ngendpditpbrase 12

I|t Y 8. t | ati ng
rruscl elg%e% gtggg\%\ﬁ%ﬁie%daﬂgig? %:h\él\%vg& oofﬁi%ﬁlggéboﬁldll:r?yﬂ? Oﬁ% Jg@g}ﬁtﬁ@ p%vér? glr'l e the
sexyond desthibed irsthattspacifibationiLin &dld iWith@sihelcapavilitids lof €istidg di8ctroblid Wit hod f or
stinulating nmuscle tissue W th biphasic waveforns according to 2 clai m18,

wigbe @pRropue mmarfgnmn& eBmhlaac amwlatlgm es provigise by tl@f: Begent gventias may be. 20.

T nmet.hod atl SS SIC fornms accordlng

{673 c gl R Rl A S b B SR AR R o el P
seﬁgnd tBARSE N80 bode as'lsue It'ikﬂuﬁﬁéx'ﬂ oflcddRlin mgty fHé'lﬁkténﬂGn RUSAIE] br1gsye W th
bi phasi ¢ waveforns according to cl aim 6, ere the first phase duration
| s7abotthe foHewing aldims andbﬂmlﬁdcmﬁdzﬁreto_ 22. The nethod for stimulating nuscle

§§ue wi t h bi phasi c waveforns according to 2 claim®6, where the second

ﬁ e duration is about 0.2 to 0.9 mllisecond. 1 23. The nethod for
stinmulating nuscle tissue with biphasic waveforns according to 2 claim6,
where the second phase anplitude is about two volts to twenty volts. 1 24.
The nethod for stimulating nmuscle tissue with biphasic waveforns according
to 2 claim6, where the second phase duration is less than 0.3 m|lisecond,
and the second phase 3 anplitude is greater than 20 volts. 4 25. A nethod
for stimulating nmuscle tissue according to claiml1l, where the 5 stimulation
to the nmuscle is selected fromthe group consisting of direct stinulation
to the 6 nmuscle and indirect stinmulation to the nuscle. '7 26. A nmethod for
stinmulating nuscle tissue wth biphasic waveforns, conprising: 8 defining a
first stimulation phase with a first phase polarity, a first phase
anplitude, a 9 first phase shape, and a first phase duration for
preconditioning the nuscle tissue to accept to subsequent stinulation;

12



11 defining a second stinulation phase with a polarity opposit 0
first phase polarity, 12 a second phase anplitude that is Iarggqsigg]P 2002
absol ute value than the first phase anplitude, a 13 second phase shape, and
a second phase duration; and 17 0 6 SEP 2002 14 applying the first
stinmul ati on phase and the second stinulation phase in sequence to 15 the
m#8¢l e ti ssue, wherein the nuscle tissue is selected fromthe group
cqgsisting of striated 16 nuscle, nmuscl e and m xed muscle; 17
wherein the stinulation to the nus selected fromthe group consisting
ofsgdirect 18 stimulation to the nmuscle and indirect stinmulation to the
nmuscl e; and 19 wherein the indirect stimulation is adm nistered through
siB8h. Whatis cleimedithod for stinulating muscle tissue with biphasic

forms accordin cl.ai . the phase duration is |ess
rﬁ%ﬁ approx?hateﬁvﬂg%§9%F§b§%@%§¥Iﬁgﬁkﬁﬁéﬂﬁcégﬁgﬂggphase anplitude is at
| egst 200 nibfinid@h Fisst shmafutioA pAkdewith 4 Bfst hdsepoRkity)@ fittSHase rhSiguge, W t h
bi phasi ¢ waveforns, conprising the 2 steps of: 3 defining a first
st386rul &gt ohassishane, opd s fiest phasedutasiop dernreeopditipningrthe nykels issueie peqgte, a 4
fitst 1d..a first phase duration, where the first phase
b ¢ S ABa

to 3.5 5 volts, and the first phase duration is

abgsit one t defiing a Bedont SEHARESH phasdetitind peladtyoppositt 16 thdEsephaepsladsse W th
a negative polarity, a second phase 7 anplitude that is |arger 1 n absolute
vasle elieqondipbadeiamplitpdeas sccong phasgdhapeaardbe srsangphase duresipn; Bdand a second

Pty 9 vorRRynENE Sk TuRB e EhAS ExEihe avdeon SiGulgfighPhiresn FRnhey & ' °
M3bl i s aeahtkciARdud vwhetdR ihe MGscldisshé fs%%le@t‘éﬂ ’ﬁ:élnﬁﬁl'e QRoup R3S s@iEot dhgatsgcond

stinul ation phase in sequence to 11 the nuscle tissue, wherein the nuscle
t 1383 ue muscls sdnemttle chubclo and hexagrmougeleconsi sting of striated 12 nuscle, snooth

muscl e and gi xed SC and wher ei .he stjmulation ta the muscle is 13
SePEcted tr OmibhaeiL {5t eRURRE s teite SH bR M el AOR S el e and
i ngi r e¢fajriilel THEbRIhONrsl fhdse aﬁﬁiﬁtd&l@%&&ﬁal th o#Jess AMhn3PREKi AU stirestioldrul ati ng
muscl e tissue wth biphasic waveforns, conprising: 2 pulse generation

el3egt r empbtidehat generates a pul se, the pulse defining a first 3
stinul ati on phase and defining a second stinulation phase, wherein the

fizgt stimuBati oThphasiodfohasmalafing Silus@ fissde A&doading Yo claink 11/ Wherpltase
anplitude, a first phase shape, and a first phase 5 duration for
pri@¢ondirstipbagernglarite Isnesdive. ti ssue to accept subsequent stinulation, and

ein 6 the second stimul ation.phase . has a _pol ari o} site to the first
oitShe pol ar ey, et r SbaeBeAF L BB sl Rk BEF Wb e val ue
t hap t BBsolhte $hlub BagR AEIYHatd/slBplitad SRR dhaahBas ebsdNAP Galud ofthd second @angt phase
duration; and 18 ~ 6 E P 2002 9 | eads connected to the pul se generation

el48@t r emplittdgnd bei ng adapted to apply the first to stinulation phase and

t he second stinulati | 10 the I $S erein 11
t He  nuscl e $ i ssu |e§r9 eghecf%f;@? gtgnﬂlggﬁgﬁﬁgﬁgpésgls agcet;oﬁglllﬂgt?‘# gla}r}(l)? ’ gﬁ?rf:\z%]eed nmuscl e,
st h apibtek @amB @ f e fiktiRdsdaaplitade hdesshigmerh® abdotuté il oPihdsecordiphhdeude i s
ranped from a baseline value to a second value. 1 30. An apparatus for

st40Aul amphitpdeuscl e tissue with bi phasi c waveforns, conprising: 2 pul se
gepygration gl eCLrAh%S: dNAldRNEn st Bith ekl SRt Ss ARipHsg. 2 1 st
405 defining a first stimulation phase with a first phase polarity, a first phase amplitude, a
406 first phase shape, and a first phase duration for preconditioning the muscle tissue to accept
407  subsequent stimulation;
408 defining a second stimulation phase with a polarity opposite to the first phase polarity,
409  asecond phase amplitude that is larger in absolute value than the first phase amplitude, a

410  second phase shape, and a second phase duration; and

411 applying the first stimulation phase and the second stimulation phase in sequence to

13



3 stimul ati on phase and defining a second stinulation phase, wh i
first stinmulation phase 4 has a first phase polarity, a first pﬁﬁ SEtIBeZUOZ
anplitude, a first phase shape, and a first phase 5 duration for
preconditioning the nuscle tissue to accept subsequent stinulation, and
mhereln 6 the second stinulation phase has_a polarity opp05|te to the first
pHa%e e mayscletissye, sdistsithsmaussle tissugis seleetad roppthe geoup sogEstingpishiadit e
% e de, a second phase shape, 8 and a second
%age %’ra |Sglﬁ)om QE%QF&%@%&%‘%%}& ed to the pul se generation el ectronics

amd4 bei ng adapleckht diraphhse dnfifitideris tanhftdStdnidbaidlins vala$ea 8tdnd helusecond
stinul ati on phase in sequence to the nuscle tissue, wherein 11 the nuscle
tiggsue is sel aghadlod E‘&r&lhﬁ@at gmceq&ﬂeswimglp%s@ Wab &bfifls, THi ?h@in gSmoot h
nmuscl e and 12 m xed nuscl e; wherein the first phase anplitude”is ranped
f doén a baselefimny afivst siumuhtlsepbasd with aifirst fikasapdlaritye a dirst phhse aigdithde, @ val ue
of the second value(g% equal to the absol ute val ue of the 15 second phase

artpl i t {itpkphase shapeandfinst phase dpigtion formreconditigningdhs mupsle Hswe s 899 phasi c
fo . 2 pul se generation electronics that generates a
p? &?E%L%Eﬁg ‘ﬁw?gh.ng a first 3 stinulation phase and defining a second
s t4|19rul at i ondgfivisga sevord sfimulatien phasstwitht 4 palhrityioppogiteas ehedfirsashage polaity, phase
polarity, a first phase anplitude, first phase shape, .and first phase 5
QR | BB Pb‘i‘sé@mi’éﬁ“tqeoh ﬁff?@n% ReasisBaneeand a3qgend phase @erafwe equent
stimulation, and wherein 6 the second stinulation phase has a polarity
0[§pr| te toapmengihesirsptimdating phese gnd the second stimhlagen phasampsttquem tohat is

er .in_absaql ute val ue..t han e first. ph | itude ase
ke s faRHE sifralf el st SR BSnOR shonbPouti TRl oo
gaper aFﬂu@ﬂeWH&ﬂb&@a@d‘ﬁn&%‘rﬂﬁ’sc&dapt ed to apply the first 1 o sti rrul ation
phase and the second stinulation phase in sequence to the muscle tissue,

ein 11 I of
B o Lo PRSI SRS S AT BRR SRR IRDT
whaegs ei Bnd Wherkin'thé alsdolutel ivﬂne 6flthB Resdd fvdlueieequadithe aesdhite 98lue 65thef
stinmulatin ul ses of 14 a predeterm ned anplitude, polarity, and duration.
1439, 2GFOH %Bﬁﬁé@ﬂ@lﬂﬁk stimulating nuscle tissue with biphasic wavef orns,
conprising: 2 pulse generation electronics that generates a pulse, the
pul e defi nBnd methpd $or sansﬂatmglmmscwiSpm\wﬁh binilladewaneﬁogna compuisinig:
stimul ation ase, er. the firs atio has a f| st phase
ol B vy adiiias b Sl Shifubn phess i § FrLpiph 28BrBH 33 AR arhhS sphace 5
durgti gpg %Hﬁse 535?:05‘1&11 4 iR Eﬂa%etdﬁﬁmﬁli & Iﬁeédnaﬁfé‘ﬁu{gqh@ﬁﬁﬁak t1§éﬁ*é§@9ét%f}{
stinmulati wherein 6 the second 'stinulation phase has a polarity
opposi substquenhstirhulaeon;phase pol arity, a second phase anplitude that is
| arger in absolute value than the first phase anplitude, a second phase
shape, 8 andefinifgeoewdnfRamealatioh phasewitteapolQrityep@ssieas tectietphage pblerigyl se
generation el ectronics and being adapted to apply the first 1 o stinulation

phate aserondehassammitude thetiialargs inpksolute ﬁalgea@@ﬁlaeeﬁftst)phqﬁeamnh@ﬁe & i ssue,
wh f th t f
7 5 B R B R DR 7 P, ST R 7

hase pol arit 0 |ve and the maxi num sybt.hr esho I|tude 14 is
Dot D5t phlyise iy Bist b sty 3fion,pase Ao e geco SRR ai TR A 61 s sue

Wi th biphasdcte NQYE MR tHAARCISHREe isBecREed ?ro&?ﬁ'l%rg%dp%bnﬁls@&é 5 0%i4sd t hat
generates a pulse, the pulse defining a first 3 stimlation phase and

deﬂ0n|ngmdcsemnmmnsednanénnnmhphﬂma wherein the first stinulation phase 4

has a first phase_pql ari.t rst ase anplitude, first hape

andla {1 1ot YRELLTE tuthskiiion hasn WRBHGoPER A rRs of ey Bnd Bt

acgept 4 ein 6 the second stinulation phase
G& ?FJ&%%%H ﬁﬂ-&e?ﬁdl %Iﬂldd ek

has a p rity opposite rst phase polarlty, a second phase "7

anplitude tha l.ar S0l ut .St phas litude,
a slecond ph sterhs ae;%%" rSt“H“‘aP‘%%c (g \S%ase allsg;nwgvefdn? el 1ng nnect ed

t 0 1 hecpithSewleRah@fitsosiphiagsn p}ﬁussﬁuﬁmc&ﬁpﬁ@sa@a@és&ﬁrmpa@@dsy the first 10
stimul ati on phase and the second stinulation phase in sequence to the

nusgl e tissyg, THORIBIJA f&lsthhﬁamg%hﬁdé tissat %nﬂhsolﬁt?a'sﬁ%ﬁféfcfrﬁﬁ fibéd?@ing E&Up
consisting of striated nuscle, snooth nuscle and 12 m xed nuscl e;
wherein the first phase duration is at |east as |ong as the second phase
duration and the 14 first phase duration is about one to nine mlliseconds.
20
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0 6 S EP 2002 34. An apparatus for stinulating nuscle tissue mﬂ}@ EﬁPga?ggz
wavef ornms, conprising: pulse generation electronics that generates urse
the pul se defining a first stinulation phase and defining a second
stinmul ati on phase, wherein the first stinulation phase has a first phase
polarity, a first phase anplitude, a first phase shape, and a first Phase

(o]

durZat | Jaint §rwhare apmiping thfisshstiomdatiansphage furtheyeonppyisgs applying @sed geded
timul afj . ' 1 ti h h larit
oprosi € Risflns RRBUAERR. A8 e SO Bl e ot tude that i s
eer bR o bl RLGRE oBBRebior S G 81
genger athan | §hardE MRires Peﬁ'&d Q%f@ﬁuaqgﬁﬂ&iﬁﬂ td the RPN olfhe dtinfillatftle piieat i on

phase and the second sti i phase in sequence to the nuscle tissue,

imul atio

wherein the i [, O, I St .0f striated
rruglcl e, Sm%ﬁﬁ%eggédeﬁzgﬁmlmﬁ%gghﬁl%élgﬁg%d’em}% @ﬁp}&%@&{f@@fé %‘#}I{é@gﬂ%r ation is
at J east asddfinivg f6rst BemeRGOMPhRBAGH DfifsBphe8 paladtyl b €irs phaRdmlias®, dur ation
is about 0.2 to 0.9 mllisecond. 35. An apparatus for stinulating nuscle

t i ssuefitaf plespsiapgsing avasbphaserduratiom it ipsoagditipning sheyaneniatisssp tedaseptr oni cs

t ha generate§ ﬁﬂﬁ%h§e, the pulse defining a first stinmulation phase and
def niﬂﬁmﬁufgd% 9%l ati on phase, wherein the first stimulation phase
hass a firstd4iidsea RRbAA btintulafiod phdst wthaESFHIATD bp%wﬁe to theffirktSphalhgsigritghape,
and a first phase duration for preconditioning the nuscle tissue to accept
s ubs equeseond phasa laaplibide thaids larger & absolute wdeoihan thei firsl phaboamplitide ahas a
polarity opposite to the first phase.polarity, a second phase anplitude
that i éé?%‘f © shepg, g, austegol?fgﬁ’}l?ge ‘I’fﬁﬂgl?’ﬁﬁdf irst phase anplitude, a second

phase shape, and a %gpond qhase duration; and | eads connected to the pul se

gerfer at i on #MAvng Bisi fust stimplaanihaseiand the sgcgnd piynylatipr phase 41 seguenagItat i on

phase -l at an: 'S €1l Llssue,
o o SRRUSHR REREUACR MRl B BR Sl e FRUARC Bk obRSIIBASET 0 e
muse| emusdteGidvormascle amtimikedeshiselescl e; wherein the second phase anplitude
is about two volts to twenty volts. 36. An apparatus for stimulating nuscle
titsue wit hwhetsihetbe drsipbesediolsity sqesitive apd thegnaxdmugiesybiyesheld amplitvdeoni cs

th IRNBLALES (&3 BYLRS: the pulse defining a first stinulation phase and
defining a second stinul ati on phase, wherein the first stimulation phase
hags a first1phasen@letoltfys stindlatirp mdtdsessagddotdifi€to daifd 1,Sthephaedirsthape,
and a first phase 21 0 fi S E P 2002 duration for preconditioning the
nmust| ephdse duratipn issat deast asdong axihe aecosd Phefeslurasion. and wherein the second

st iul ati on, phgs a | ar.i ife to . filrst a l.arity, a
seil:%d phas éaaﬁpﬁ?tpﬁggrtsﬁ%fl ﬁl:ilg é ?éjélgglg?ﬁ%uﬁ %&é%hs%'ﬁ)g VA edc%g{l] gﬁmgﬁ% ¥irst
phase anpl i §efifing & fistemdlaibaprase hden fiktiphae pEIRANRG a Fia Phagtmailitedy, aand

| eads connected to the pul se generation el ectronics and bein% adapted to
appl y firsephase shaps: anda frst prasp Huxation fof prerondisioning the mysdletisn Ipprespt i n

segyenqﬁ)gqltgﬁ.nqgﬁ§g tissue, wherein the nuscle tissue is selected from
th gr% 6‘%33 ?g??ﬁé of striated nuscle, snooth nuscle and m xed mnuscl e;

wheg ei n t hedsmfing gl sdtdad StirltilaBibh PRask WitheSsolaigbpPositeth kld HECEHAS paladtyt he
second phase anplitude is greater than twenty volts. 37. An apparatus for
st Rerul as¢aegd phaselamplitudethatug targebiimpahselute valvethen the, firgophase amplitudeal se

geperation,e] ectyonics, that nerates a | se, the pulse defining a first
St Pl SEPBHPIARE SRS A s dhase QWARAE i i ation phase, wherein the

first stinulation phase has a first se polarity, a first phase

ampt i tude, &PRIYipg ffPepﬁ?fa%%H@H%@, ph&ﬁ%lf“gp e pecong stmalaion a{ﬂ%ssr\n fesuence to

pr econgdj.ti anj i : t T i and
e o HerhSRICIRSAR SHEHAE IR rhiRe RehisRERAEH SOHORE AR colbibMlY tkdled 11,
phase pmkdce,smootlamasdeant pivaedenwseie, i t ude that is |arger in absolute val ue

than the first phase agﬁlitude, a second phase shape, and a second Ehase
dufditi on; afdcreEns s phate digation 18 Allepst ps tong ap Bieser @i rhasedwraenanddhe bei ng

39t eflrd: 0n ARRLY LRSS id? bl Al QRoRRESe and the second stimulation
equence 1o e

a

phase I'n muscl e tissue, wherein the nmuscle tissue is

sel ected fr he gr onsistin f. striated nuscle,. snooth nuscle and
i xbd muscl &5 ariantod i sERLFdRs e G st VR BRRERS BereoBt serREtiFom ¢ he
group consisting of direct stinulation to the nuscle and indirect
stimulation to the nuscle; and wherein the indirect stimulation is
adm ni stered through skin. 38. An aggaratus for stimulating nuscle tissue
wi t h bi phasi c waveforns, conprising: pul se generation electronics that
generates a pul se, the pulse defining a first stinulation phase and
defining a second stinulation phase; wherein the first stinulation phase
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phase anplitude, a second phase shape, and a second phase duration, where
the second phase anplitude is about tmo volts to twenty volts, and the

second phase duration iis about 0.2 to 9 mllisecond; and Ieads connect ed
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the stinulation to the nuscle is selected fromthe group consisting of
di rect sti nﬁ¢fétmgmsqcond Hémilatien phasaavithraipoladty opposiigitathedirst phashpolatiycl e. 23
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8 -2 applying the first stimulgt)ion phase and the (sc)econd stimulation phase in sequence to

9  the muscle tissue, wherein the muscle tissue is selected from the group consisting of striated

10  muscle, smooth muscle and mixed muscle;

11 wherein the second phase amplitude is about two volts to twenty volts.
1 17. A method for stimulating muscle tissue with biphasic waveforms, comprising:
2 defining a first stimulation phase with a first phase polarity, a first phase amplitude, a

3 first phase shape, and a first phase duration for preconditioning the muscle tissue to accept

4  subsequent stimulation;

5 defining a second stimulation phase with a polarity opposite to the first phase polarity,
6 asecond phase amplitude that is larger in absolute value than the first phase amplitude, a

7  second phase shape, and a second phase duration; and

8 applying the first stimulation phase and the second stimulation phase in sequence to
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wherein the second phase duration is less than 0.3 milliseconds and the second phase

amplitude is greater than twenty volts.

18. The method for stimulating muscle tissue with biphasic waveforms according to

claim 6, where the second value is at a maximum subthreshold amplitude.

19. The method for stimulating muscle tissue with biphasic waveforms according to

claim 18, where the maximum subthreshold amplitude is about 0.5 to 3.5 volts.

20. The method for stimulating muscle tissue with biphasic waveforms according to

claim 6, where the first phase duration is at least as long as the second phase duration.

21. The method for stimulating muscle tissue with biphasic waveforms according to

claim 6, where the first phase duration is about one to nine milliseconds.

22. The method for stimulating muscle tissue with biphasic waveforms according to

claim 6, where the second phase duration is about 0.2 to 0.9 millisecond.

23. The method for stimulating muscle tissue with biphasic waveforms according to

claim 6, where the second phase amplitude is about two volts to twenty volts.

24. The method for stimulating muscle tissue with biphasic waveforms according to
claim 6, where the second phase duration is less than 0.3 millisecond, and the second phase

amplitude is greater than 20 volts.

25. A method for stimulating muscle tissue according to claim 1, where the
stimulation to the muscle is selected from the group consisting of direct stimulation to the
muscle and indirect stimulation to the muscle.

26. A method for stimulating muscle tissue with biphasic waveforms, comprising:

defining a first stimulation phase with a first phase polarity, a first phase amplitude, a
first phase shape, and a first phase duration for preconditioning the muscle tissue to accept

subsequent stimulation;

defining a second stimulation phase with a polarity opposite to the first phase polarity,
a second phase amplitude that is larger in absolute value than the first phase amplitude, a

second phase shape, and a second phase duration; and
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3 defining a first stimulation phase with a positive polarity, a first phase amplitude, a

4  first phase shape and a first phase duration, where the first phase amplitude is about 0.5 to 3.5

5  volts, and the first phase duration is about one to nine milliseconds;

6 defining a second stimulation phase with a negative polarity, a second phase
7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape
8 and a second phase duration, where the second phase amplitude is about two volts to twenty

9  volts, and the second phase duration is about 0.2 to 0.9 millisecond; and

10 applying the first stimulation phase and the second stimulation phase in sequence to
11 the muscle tissue, wherein the muscle tissue is selected from the group consisting of striated
12 muscle, smooth muscle and mixed muscle, and wherein the stimulation to the muscle is

13 selected from the group consisting of direct stimulation to the muscle and indirect stimulation

14  to the muscle.

1 29. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:
2 pulse generation electronics that generates a pulse, the pulse defining a first

3 stimulation phase and defining a second stimulation phase, wherein the first stimulation phase
4  has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase

5  duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
6 the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,

8  and a second phase duration; and
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1 30. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:
2 pulse generation electronics that generates a pulse, the pulse defining a first

3 stimulation phase and defining a second stimulation phase, wherein the first stimulation phase
4  has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
5  duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
6 the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
8  and a second phase duration; and
9 leads connected to the pulse generation electronics and being adapted to apply the first
10  stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
11 the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
12 mixed muscle;
13 wherein the first phase amplitude is ramped from a baseline value to a second value,
14  and wherein the absolute value of the second value is equal to the absolute value of the

15  second phase amplitude.

1 31. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:

2 pulse generation electronics that generates a pulse, the pulse defining a first

3 stimulation phase and defining a second stimulation phase, wherein the first stimulation phase

4  has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase

5  duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein

6 the second stimulation phase has a polarity opposite to the first phase polarity, a second phase

7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,

8 and a second phase duration; and

9 leads connected to the pulse generation electronics and being adapted to apply the first
10  stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein

11 the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
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1 32. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:

2 pulse generation electronics that generates a pulse, the pulse defining a first
3 stimulation phase and defining a second stimulation phase, wherein the first stimulation phase
4  has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
5  duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
6 the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
8  and a second phase duration; and
9 leads connected to the pulse generation electronics and being adapted to apply the first
10  stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
11 the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
12 mixed muscle;
13 wherein the first phase polarity is positive and the maximum subthreshold amplitude

14  1is about 0.5 to 3.5 volts.

1 33. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:
2 pulse generation electronics that generates a pulse, the pulse defining a first
3 stimulation phase and defining a second stimulation phase, wherein the first stimulation phase
4 has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
5  duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
6 the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
7  amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
8  and a second phase duration; and
9 leads connected to the pulse generation electronics and being adapted to apply the first
10  stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
11 the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
12 mixed muscle;
13 wherein the first phase duration is at least as long as the second phase duration and the

14 first phase duration is about one to nine milliseconds.
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amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
and a second phase duration; and
leads connected to the pulse generation electronics and being adapted to apply the first
stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
mixed muscle;
wherein the first phase duration is at least as long as the second phase duration and the

second phase duration is about 0.2 to 0.9 millisecond.

35. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:

pulse generation electronics that generates a pulse, the pulse defining a first
stimulation phase and defining a second stimulation phase, wherein the first stimulation
phase has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
and a second phase duration; and

leads connected to the pulse generation electronics and being adapted to apply the first
stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
mixed muscle;

wherein the second phase amplitude is about two volts to twenty volts.

36. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:
pulse generation electronics that generates a pulse, the pulse defining a first
stimulation phase and defining a second stimulation phase, wherein the first stimulation

phase has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
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wherein the second phase duration is less than 0.3 milliseconds and the second phase

amplitude is greater than twenty volts.

37. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:

pulse generation electronics that generates a pulse, the pulse defining a first
stimulation phase and defining a second stimulation phase, wherein the first stimulation
phase has a first phase polarity, a first phase amplitude, a first phase shape, and a first phase
duration for preconditioning the muscle tissue to accept subsequent stimulation, and wherein
the second stimulation phase has a polarity opposite to the first phase polarity, a second phase
amplitude that is larger in absolute value than the first phase amplitude, a second phase shape,
and a second phase duration; and

leads connected to the pulse generation electronics and being adapted to apply the first
stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
mixed muscle;

wherein the stimulation to the muscle is selected from the group consisting of direct
stimulation to the muscle and indirect stimulation to the muscle; and

wherein the indirect stimulation is administered through skin.

38. An apparatus for stimulating muscle tissue with biphasic waveforms, comprising:

pulse generation electronics that generates a pulse, the pulse defining a first
stimulation phase and defining a second stimulation phase;

wherein the first stimulation phase has a positive polarity, a first phase amplitude, a
first phase shape, and a first phase duration, where the first phase amplitude is about 0.5 to

3.5 volts, and the first phase duration is about one to nine milliseconds; and
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volts, and the second phase duration is about 0.2 to 0.9 millisecond; and

leads connected to the pulse generation electronics and being adapted to apply the first
stimulation phase and the second stimulation phase in sequence to the muscle tissue, wherein
the muscle tissue is selected from the group consisting of striated muscle, smooth muscle and
mixed muscle, and wherein the stimulation to the muscle is selected from the group

consisting of direct stimulation to the muscle and indirect stimulation to the muscle.
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