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In an optional embodiment, the output waveform comprises an
equalizing pulse immediately following the pulse burst. In yet another
embodiment, the output waveform comprises a gradual step-in and step-
out period optionally combined with an equalizing pulse.

35 In addition the invention comprises a circuit for combining these
selected levels into an electrical signal having a stepped waveform and a
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30 some cases, the fractures do not heal at all, resulting in the conditions

known as "nonunion", "nonunion fracture" or “delayed union” which
sometimes persist for a lifetime,

As a resulf, an estimated quarter-million person-years of

productivity are lost in the United States every year due to bone fractures

35 alone. Similar statistics can be generated not only for other classes of

traumatic injury, but also for chronic conditions such as osteoarthritis,
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While most complex-signal studies to date have been performed
on bone fracture healing, the commonality of basic physiological
processes in all tissues suggests that appropriate signals will be effective
in accelerating many other healing and disease-recovery processes,

35 although not 2ll such signals will necessarily be alike. Indeed, specific
frequency and waveform combinations have been observed to combat
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30 frequencies and waveforms. For example, the waveform of Figure 1 is
~ effective in speeding the healing of a bone fracture but much less so in
slowing the progress of osteoporosis. On the other hand, a waveform 50
(Fig. 2) consisting of single pulses 52 of polarity 26 lasting
approximately 350—400 microseconds each, alternating with intervals 54
35  of polarity 28 at a frequency of approximately 60-75 Hz, can slow or
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30 Another field of application of electronic waveforms is in the area
of pathogen devitalization. It has been shown that some viral or
bacterial organisms can be destroyed or devitalized (made unable to
infect or reproduce) by the application in vitro of chosen electric signals.
Since signal levels for this use are typically much higher than in healing

35 stimulation, however, in vivo applications are still a matter of some
controversy.
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Liss et al. (U.S. No. 5,109,847) relates to a portable, non-invasive
electronic apparatus which generates a specifically contoured constant
current and current-limited waveform including a carrier frequency with

35 at least two low-frequency modulations. The carrier frequency is
between 1-100,000 KHz; square-wave or rectangular-wave modulating




25 pulse train nmade up of bursts having the sane

w dth, where each burst is nmade up of a plurality of
wootes®e265 a specific frequency. The nunber of PCEOISRER/020207

varies fromone burst to the next; the frequency of

the pulses in each burst varies fromone burst to the

next corresponding to the variation in the nunber of

pulses in each burst. The pul ses have a 30 frequency

ﬁ%gu&%% § Ob'c]] é%'ﬁ[{?éﬁh% f](?(f1 .g@'ﬁﬁéiﬁcles may vary,
b i . S. o

et @&ﬁypi&@ A5 H0%; aas'if 355 éor? Herflree yayelerms.

eI ect r onBorlapfariasus wmoiatgen@i & edoa 4)6d2i93Halihyludes an

ConARlERACT SEBanSYY F0Lci0 ofH LBt [€orrodes.  The

wave clu
7 eaBICONVS (O fheemeyfa% AIpEFEmmPAe o fmplantation to

f r egindate idiffetent whenrodet A, f&dmmﬂatiaﬁ Pav@vieteds (polarity

peTPRASY RUBEY i %fa%nc. Bt ey e

0. 1PIGaRFERINENAY it flenseitied it dhs fornp of aamedulated signpl on a
S50%apowared Theoprosranhet Rtigeulve \¢ah YenmodHK N résponse 1o

§, ﬁﬁ%ﬁ%ﬂmﬂ@&@e% B AL s REpHARR o

eI ect r oddendaghem 5Urfécalvé;ZSéaw(l)siqsgnbm/wmgnamnable pulse
plf og téﬂéfﬁﬁd eﬂg %?h%ma Wh@f@gﬁ@ﬁh@ ér%(ﬁtdﬂﬂ%ﬁrﬁlt@tvfaf@bﬁfﬂe output
el ec S Sl.1

onaPhliRS carsa s el ey il f ot hfa| BfReR Figfuency
res g@m@tlon heirct,ophusnai pair dof cpardlalr @is reft freduiency hlvision

15 or girehits cﬁﬁﬂé&téﬁ ed thhgRatuftn ?he Gghé |?%ho\&@Vﬁzb TH@rvals and
progrﬁ]élge Sil nul us can,be nodified | esponse to 10

WP ERb ‘éﬂm&g?arret ers and el ectrode
i npedancHsiadgakaigéieal. (U.S. Nn. 3,84654 57 90pvilkes an i dpparatus for

pr ogéﬂ%ﬁﬂg%ﬁﬁh\%ﬁan&ﬁegﬁﬁé @l@cﬁi/é%ﬁ%é"‘ﬁﬁr tﬁef%%uh'c Tposes.

d t
ot TRG PRIt Repfas st Bnp OIS P BHGRRSIPF @ Hérﬂ,f;PulseS
2genavtere thre pilsesiof eaph paimarganf opfositer@dlhrties e flheddmplitude,

fr e@lﬁﬁﬁfdﬁ Gﬂl@! |ifitePPal et eﬁ%%iplﬂ@&n 6f teﬁgh i %td the mterval

cir he tine perio I nterva and t put
g’F{}’Y??él Segessive Bpirs Of pislsea gre Hidependgritiy yarable

3 946, 74Byelpn ofli.8e PatempPar £,067.466) dissiesest ar}garucular wave

posféﬁf{ ?oxaﬂ% 8bd ¥E aBbPlin CclHHhﬁgﬁ BorT}fJ‘Sfeﬁﬂ?éétl 'sr?%nal is

pPOSES par a COI’l.SI St
26¢ SmpGeduny ﬁ?&af%t aaam@agtantgeml@ rehERMS Raip Area.
each pai Mcibenadd ﬁmﬁbsNtoe poIRarIM0)eshowheamanglectrud®, muscle

stimulator which produces bursts of bidirectional pulses by applying
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30 rate for a second time period, and delivery of the signal is inhibited for a
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30 Galbraith (U.S. No. 4,592,359) describes a multi-channel
implantable neural stimulator wherein each data channel is adapted to
carry information in monopolar, bipolar, or analog form. The device
includes charge balance switches designed to recover residual charge
when the current sources are turned off (electrode damage and bone

35 growth are said to be prevenied by not passing DC current or charge).
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repetition of said primary cycle,

wherein said biomedical application comprises pain relief, stimulation of
tissue growth, acceleration of tissue healing, stimulation of bone growth,
acceleration of bone healing, improvement of bone healing, improvement of bone
density, reduction of tissue inflammation, repair of tissue damage, reduction of
tissue swelling, promotion of tissue graft survival, promotion of tissue graft
survival, modification of blood flow, enhancement of biochemical production,
enhancement of tissue biochemical production, devitalization of organisms, |
enhancement of joint repair, enhancement of Joint replacement, enhancement of

blood storage, and improvement of neurological conditions.
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In pnothyr jappgels thase i mravideh 2 erethad for

‘geperating an electrical signal for use in biomedical applications said method

comprising
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di vi ded having a substantially constant voltage or
current level, or during the whole of the primry
i nterval not divided havi ng0d substantially constant
vol t a@pa gererstitfel £ Masi PvLlelatARE, Bh érgﬁﬁﬁar?ﬁ%ﬁé idtdiQals Ty, T,
rimary timng intervals not |V|ée being an o
ﬁqualaP OHREED il Rresers, oumingsin suscessigharepsaiag anioary logcle, said
rical .Sk t hr oughout the course of any one
p?léxge i ?%nhag}#%]%gegﬁn%ry cycle wherein said
bi omgH) gateramiy ddakst 8o ¢OARYEIS QRoR&! dchbfidr§timing intervals t;,
stimul ation of tissue growh; acceleration of Tissue
and apifagh, ivte whidt dtdeaso bnbofigaid poimdry tinsiogehterals isrdivided and
rovenent of bone hea rov

one cheal.in [ ing, i.np men )
RO 1E yHeachBh AEtng s PaETels (R pushamt §ironeth, said
E by [ r ' fioinki . whi
SRR S/l AR ARy L BB ik ERY 200 s whie
lgnsboms othar of sdid psivergtiafihg irgerrvalsvighot sedividsiat i on of

bIooz fl ow, enhancenment of biochem cal production,

CetrBITTAEE 4 Pusadymisuheateally ponsian vofage or current levels

enha
1devi bl dz@tpon of organisns, enhancement of joint
ﬂ’g%al r, enhahcenment of joint replacenent, enhancenent

of bd)osddeainy ag€ ofaftid | vilaQY Uit ROBKOGQME Bhch of said
conditions. In another aspect, there is provided a
sepepAYy iNTvye vethini ymspid prieharytinteced] whighas sé alividsé, onduring
bi opredi cal . | i cat.i ons said nmethod, c ri.si.ng | 0d X
theay 6&?@@5Pmtlﬂﬁesﬁétf? Holarnat P ivifeely spigIgerts selected in
SRR thrbUbRGut! HeCEMRSS of! said Drind: %lénﬂle%ﬂx?&rﬂiflg said
present, formng I n succession a repeating primary
elesteical, sigrmilgandpr i mary cycl e having a frequency; (b)

'geneé? ti%lng1 at |east two relatively shorter secondary
tim 3 Rtigr Selesting ongoor mede 6 Skt ORMAryt igtamralensaid further

{ foo e O N i e divid
sAEH RS oAl P b TRUUEh 4% bR TtaliBuf i tor e
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havi ng a frequency, said frequency |IYying bel ow 20
repgption g aéd pumareggeleone ot her of said prinmary timng
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.vol tage or current level 8’ during eac
phsevaedtical mateealsahsd wi thin a said primry interval
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pri .ﬁ%ﬁ;&elprﬁ%ﬂ wagmpdicak appligaion gemptised dwin selief, semaiasion of

ry cy
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p‘r_irmrg intervals, said further ,
density, reduction of tissue inflammation, repair of tissue damage, reduction of

- tissue swelling, promotion of tissue graft survival, promotion of tissue graft

survival, modification of blood flow, enhancement of biochemical production,
enhancement of tissue biochemical production, devitalization of organisms,
enhancement of joint repair, enhancement of joint replacement, enhancement of

blood storage, and improvement of neurological conditions.



selected intervals being not so divided, as one or
nore equalizing pulses for the establishnment of
substanti al charge bal ance t hroughout the course of
any one repetition of saidggimary cycle wherein said
el ectrical signal. is capable of being applied to one
ofn pantker @dpachdhere & provided a nethahfdpody, ani mal body,

c : e l.asue cul ture, food, liquid, .and )
pgglﬁeﬁ%@l‘ ;A flc%faéthggle?liggﬁs,ora}\%e \}%g’i"gpﬁélgéi @Pnjicahenscspid method
apRhpasibpO(k) GRABFIRG St RSP 66! Feditivedy | L9 ftiming
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sTi-nli ats dn afd pthees off pretsent, faooizigematicosssidn homrpeating primary
heal | i nprovenent aof bope healing, inprovenent of )
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ronsti bmiog infeseale igrditided sadvimtach B8 hi GRlck@oPfa repeating
bl ood, f | ow, enharggqrent of biochem cal production,

ShrayExbleotireughout ity lsegrbniseis sespudary tdyele, having a frequency,

' j [ fi.Qr [ nhancenent af | oint .
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substaiidlyr epngenteraliagey oancuatentt kevelal Lgi Bpaindf o0 fosth; and (d)

' Lomedi c appl i.cations, said nmethod conprising:
%@5’%% @flgtﬁ?ttwﬁal t Volage; of &urrepéﬁ%‘fqls/ élwngo@%gr ohspidasgcondary
idteivan; with i8 pribhar i thers if, .
e Wt 418 pribiary Ifterdabuntich RS SRS i g the whole of
syid|primanyi thiprvalnif it sysbtesd avvided-asdid 9eMa8C¥6ledtBd in succession
&ener ating at least two relatively shorter secondary
r?ﬁ‘%&?‘*\t HisQupe of gaid ppinaany oyele;, Shareby fortungkaidrelettrical signal;
: f id_. prinmar L m intervals is divided
WiBRtn 900 Ak ARL Rl IR Mt Sriel oyl S i ded ¢ o
foYlomdng NnagHah BYEy | élﬁmElFBS&)E,’céﬁéﬁhﬁ@ﬁ%ﬂé‘@ﬂtﬁ%‘?kﬁod liquid, and
having a frequency, said frequency being I'ess an
caoak hmtervdis,landat | east one ot her of said
primary timng intervals is not so divided; (c) )
© gener¥pFicY sa9 kipmedical epplisatien sempsises) peionestight stimulation of -
-l evel s. L Lz.and so fof.th; d (d)
G 0nah RCERRIG S Toys Bl e Rt of dhpichygrowt,
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cell culture, tissue culture, food, liquid, an _
?Wﬁﬁ?@ébloif deint rgpair.i edlsncement of joint replacement, enhancement of

blood storage, and improvement of neurological conditions.



-

wherei n sai d bi onmedi cal application conprises pain
relief, stinulation of tissue growth, accel eration of
ti ssue healing, stinulation of bone grow h,

accel eration of bone healing,os nprovenent of bone
heal i ng, inprovenent of bone den3|ty, reduction of
tﬁ“@éla@ef #Peeinthgrd s providesha methfodtafssue damage,

g#ﬁt tf) suesvvellln]q pronotion. o tls
B, Hoca bR MR e Pﬁ‘ls%%f@ J5 in bl gl applications
rmdl feGRl 88mPFisiAk0QY den@Mitin gl NIBOERRY c%‘%a? QCBRM & nrimary

producti on, enhancerent of
|§V@i§ ulevileg ,at diewstt &z ptitmany ofimingg antesaks, (b3 NRANGEEEN repeating
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helow éﬁ@lﬂi{z,a(c)scheaingJ%eﬁlbslt‘aﬂviag?Eé’cbxﬁﬁint apftde@abl Ufrent level

ai,d met hod conprl sing (a) generating a repeating
é‘f‘i‘%re?c the tSﬁ%f’ffﬂﬂmaﬂﬂ;eW@lchdh enprisary elaservalowhich is

t t b) f ti
Bl o yh%@-? oL, SERETR i e it Thsfreb i it ded, and (@)
subbtanislly tharpe Uaﬁlﬁiﬁ@{lﬁohé}f&lt Fhe )%Gf’r% otf"%fﬁxs(%éo%ﬁﬁﬁon of the

timng intervals, the secondary c havi

HrHBvenyele b mlom@@kldast dre) ofSthk geinary tﬁnﬁigb@ltmhlsaidt Yivided
const aér);lltl voltgge or current level during each of the
BAPSAHHYPE RPSFval s within the primary interval which

|t er B i TbiGHEARA b idOh erinr s ffin JBfide, sgjmutation of

tisalearprowth,t heeslefadioh bﬁeu@ﬁér P2l g, BRI dre &t 'Hoh@n owth,
cle by selecti ng ‘at | east one of gr

of the primr
ageglemtion Pfﬁpng%ﬁﬂzm \Mmprovenenti off bhagt heahngmmgnwlenmn gf bone
d%ﬁ&ﬁfe rr%ﬁ\f\hcgr &' n Qf ﬁal d bl rrelglﬁggllh %gg%l (&?%%@?1% Ca(;nnggré reduction of
tidqee 0 S o

s a5, A R e oo
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ti ssue inflammation, repair of tissue damage,
ﬁ@&ﬁ%@?@n off tisgyes Qs@dm@r:a mgodlprtmmotﬂi@mtahtzainos sof organisms,
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production, devitalization o rgani snms, enhancenent
of joint repair, enhancenent of joint replacenent,
enhancenent of blood storage, and inprovenent of
neurol ogi cal conditions. log In another aspect, there
is provided an apparatus for substantially charge

bal anci ng an el ectrical signal used in bionedica

appl i cati ons,



sai d apparatus conprising (a) neans for generating a
repeating primary cycle, the primary cycle having at
| east four primary timng intervals, and (b) means for
generating a repeating secolrbnlary cycle formed by
dividing at | east one of sal & primary tim ng
i Inta@othat sspiectt theze isgastidédwm geaningafoy tim ng i nterval s,
t he sec?fdary cycle having a frequency bel ow 200kHz,
Sybffanttalivchakge brilergiye pmelacirigat signat wied in fieomedicalrapplications,
[ ' s diwi ded having a .substantjall
SRRkt Snb ) s Y dB0Rite RaeRRNE prfmenecycle, the
priivey \eycld BAWAE 20 Qbasdi fhABHnRY i tifind i aph
- constant vol tag% or curren? I evel , a dmgét& Ig’ag{lagiﬁie)f%?ans for
BRRCTpRGrdr epeating sepondanyr olle footed byi diedideatdeadn one of said
gﬁﬁllal i Fii nﬁ Erfl# se . t.0 substantially charge bal ance the
SEFY HEYre Litgrvals ipig o (psbliro serondenytamingrintsyals,the secondary
EpNethdvif® o il bR , reFnygald i
bfg_rredi ég? appl%_gtcfotr)l conﬁj‘rbivoggg’ péglaﬁ rgipelntlh f§econ§aw intervals
withinthat pomagf intered uwhiptows Nividled ehaniag | P vuBtahliffy &onstant
%ﬁ%l ng, sti m.il ation of bone growth, acceleration of
¢ HEAPITFE 1eYRbr o etkele o theamémamyainteryal hatpdbidekhaving a
a) Lty feduction of. tissue inflammtiaogn .
sty SOk volldbeL 8" cPllalcidvsh e ¢ el iBhe o the primary
thuizlg! indgvalsr GO Eivaded betnipS i & @hRE L ya! i
pronotjon of tissue gr afg surq%i VngS@ggé }“?csgtbftgﬁt%]fly charge
bglasen the slectded sigmaightoughobt deheoirsalof pmydosd irgpetition of the
elnhance nt of tissue biochem cal production,
PERNAY & F2ati on of or gani sns, enhancenent of joint
I epaigher&ANSHE of, Jalint .repl acement . enhancenent .
of bl peéd st or g)g@? &ggdl %’@Ai}%‘%{e’%ﬁ’ﬁ‘ﬁgﬁé"ﬁ’f%@bﬁ tﬁﬁlmu{atlon of
tissuedigrowtls. atédleralion apPt tiucafeffdy, BhRtLA BFOY¥LAE darowth,
an_apparatus conprising a processor programed and
agesheraben of benp heeling impreveseentiof dions hgalbg, imprdvément of bone
b Lcal. applj.cati.ons, said electrical signal .
I Yo RESY tisiPi 18RI qh rliy of Jibus s rosicyion of
tisive! SwEEME N Préthoti ; RU:TAVAR N i ntervals
and (D) g ?’épegtllgﬁzéfsielg%l%d_ r%/ cyc lgm;no‘gr}%%déﬁg)?) Of thssue graft
sugvivalli mgdificatienssf bluwdoflosgi shhanédimént of bidchBmical production, -
intervals into at |east two secondary timng
erfhapegryents of ¢ tissuse binchamjcaly preductiony rgvitalizatigwe oy organisms,
. v 200 . each. of the secondary intervals wjhin
et EhOUhER N oinc @B bl ke HeRE Ol Pl Y Anhancement of
bleodsiopite] ahd FmpRREIRA! oF AblRLE; t level, the
whol ea‘;{)gfel t he p?i, mary | ﬁt eé‘%@?%ﬁ%l Cgfiz\#‘t%gg havi ng a
substantially constant voltage or current |evel, and
at least one of the primary timng intervals not
di vi ded being an equalizing pulse to substantially
charge bal ance the electrical .signal throughout the
course of any one repetition of the primary cycle,
wherei n sai d bi onedi cal application conprises pain
relief, stimulation of :
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tissue growth, acceleration of tissue healing,
stinul ati on of bone growth, acceleration of bone
heal i ng, inmprovenent of bone healing, inprovenent of
bone density, reduction of tissue inflammtion,
repair. of tissue damage, redd@®ion of tissue
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rvival nmodi fjcation o
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d relief of swelling and/or
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cells or tissue cuk ? f gl{éﬁ%rgnmgelrrg%%@[ﬁgﬁd%g?l@&"ﬁla sitbStantially

cagistot votthge apeutrient wavichat g 1eapRmRNSS BEGHrRhas! fi intervals
za.méll have been observed to nodify the ratés of

Dot Gry1dpd bopmg as pqualigineepylento swhbtantiallyepiargeabalenge the electrical
t be treated
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_the preparation of tissue- cu} tured, autogenous
UsgHq rBrgial avaeleratiin. ofistisnet Hevliagarpintulatie 6f Wérde Qfrowth,

acteri eneti.cally engi neered to produce a
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to provide in vivo, custonizable el ectrotherapeutic
sur”vgit medifigasion afrdroathdloami embanceMenatdfebioshemivall ystotdgction,
i.ted to healing accel eration, relief of .
%Igdjrpé‘r‘?té?ﬂ:ofie‘él\%lzlaﬁﬂg ghdpaanisms,
cyl tures

can al so be aff
blog¢dyshorage; kat dpreeinidt af nstidlubicah@igliiegn observed to
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acute or chronic pain, and relief of swelling and/or inflammation.
- However, such an apparatus need net be confined to use with intact
organisms, since isolated cells or tissue cultures can also be affected by
~ electrotherapentic waveforms (appropriate electrical stimuli have been

observed to modify the rates of cell metabolism, secretion, and



normal human threshold | evel of sensation and pain:

nost users do not experience any sensation during
treatnent, apart froma st eadi decrease 20 in

previously existing pain. An bpar atus for generating

an electrical signal_ as_ disclosed herein may include )
neahsPhicrtiqEnerdselping pkimwellst ifor wgampler vakbt diedtreated with
secehdedry twdviefigrmhat eﬂivlahs & _ﬁpﬁﬁgﬁp hré%gi%ﬁa% Oﬁﬁzfrease cell
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IS Rt rﬁ@@%el?'rﬁ@é%ofim & ofERha dl%&[%{c fi ﬂ?,eﬁfemapparatus
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It is another aim of the embodiments of the present invention to provide an

30  apparatus and method for accelerating the healing of wounds.
It is another aim of the embodiments of the present invention to provide an

)

apparatus and method for reducing tissue swelling. -
Another aim of the embodiments of the present invention is to provide an apparatus

and method for increasing angiogenesis.
It is yet another aim of the embodiments of the present invention to provide an

apparatus and method for improving the survival of skin grafts.



Fig. 2.illustrates a waveformused in the treatnent of
osteoporosis. (Prior Art) Fig. 3 is a schematic view
of healing effect vs. signal ijptensity (anplitude).

(Prior Art) 20 Fig. 4 illustrates a waveform according
to the 1t RuRBIHCP Bim DMk REhbRJiR@ItE bEthe bfREHERAFNtion to provide an
contained within a pul sed envelope. Fig. 5 illustrates

a getiaariussadvmetbiodrfor ackiovidignmino the invention,
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veRvTHH UL BaH dresgmc apparenh adler iagieviava oif e folloarmgedetailed
f r eqeserptiow of theéidclisediembodinientgahd e/ appdRa claims.
envel ope; Fig. 11 illustrates a waveform according to

the [ Vi n 35 carrier frequency
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env@PromeArfyi 9. 13 illustrates a sinplified version of
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i | L(?éﬂ]f]aﬁld@)-a(PWeﬁﬁ) mbui It up from successive pul ses
| zdplol ?:%igj t Ifl?? Mglléﬂ;ﬁ'i% i, %{eﬁ%?c%&iﬁ%%#ﬁ? umventmn, having a
" opt HLEh IRSyeRRA cORtaimed Wit etlsed enveloper cal
conbi natlifign bf illusirates saf gehevalizgd anchvefdzm bhoskidig to the
E{Jgﬁwéﬂﬁ? ,'Oggtv'iﬁ’é €% Serfl " drfthadP Qiﬁﬂ)‘]&g RS Big signal
amgﬁtu ¢s contained within a stepped envelope approximating an
25  arbitrary curvilinear function.
Fig. 6 illustrates a waveform according to the invention, having a
carrier frequency contained within an approximately sinusoidal
- -envelope.
Fig's. 7-9 illustrate waveforms according to the invention, also
30 having carrier frequencies contained within approximately sinusoidal
envelopes, but demonstrating alternative modulation schemes.
Fig. 10 illustrates a waveform according to the invention, having a
carrier frequency contained within an irregularly pulsed envelope; '
Fig. 11 illustrates a waveform according to the invention, having a
35 carrier frequency contained within an envelope which approximates
exponential decay. :



shown in the preceding Figures, to the human body or a

portion thereof, wusing conductive electrodes. Fig. 18
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those 15 shown in the preceding Figures, to the human

body or a portion thereof, wusing conductive

el ectrodes, in conjunction wl3h an external fixator

for the purpose of bone |engthening. Fig. 19
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usipi)sed bavélope. conductive liquid. Fig. 20 illustrates
‘a net hodhgous TR Y180 WaH ﬁﬁﬂé&%x HEBf gJaQéf‘bmﬂ?Pm 4.
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bort i on%ﬁeﬁeo?ﬁ Fhd éghdﬂtqrfav%l nﬁgﬁq?é’é‘éséo%rﬁf the same
coriraeefiove. dr essing, for the purpose of wound

heal i ng F1§51§ '1Hust?élte§ bl ffé‘frﬁ%lﬂlt bl Lkfelssive pulses like

I t
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i | |shevwrmin dre poesdingt Bipuses)ay ¢he hitsinbédy of @ godibn ithereof,
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vvavefo 1g; 15 RStrases paethp dfpgapplysrg piayetorens, spplyas those

1525 sholws frr diee rewﬂﬂngFrgmrm 30 Qh@haﬁha\ﬂl bast bea diﬁelh thereof,
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t hose i Figi §9 iBustfdtes a Gnéthofifer ai PlyiiOn29eRir A2 66ch as those

PCT 4 .
s ssjglc ?gr?g%lé %ﬁ%@%ﬁg %gﬁllgg g‘?s g(f \gmtaﬁ g)t‘)%%'FF‘é’ orégn thereof, or
20 | 1ansthen wategial guping adyssle pf condwtiow ligwid. of t he

i nventi @g. 20 dMidtgiees nisth6@ TeF ap ﬁlg’\@?é%ﬂfrfﬁss kil ¢ those

! odin Wl giq Srockdigdiiel Soafe é@e ﬁﬁﬁ%ﬁ%@ggﬁ 8 ortigd ghereof,
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exnﬁhﬁ@ﬁm@hegﬁﬁ@y curve and vari ous Si gnal types

giggﬂgn?‘qé :23 ﬁﬁls%’te%hadgee%a altred ef(ectromc configuration of the

invention, using discrete integrated-circuit timers and sequencers.
Fig. 22 illustrates a generalized electronic configuration of the
mvention, using a microcontroller or microprocessor.
Fig. 23 illustrates a simplified circuit which, for purposes of
30 illustration, generates a waveform similar to that in Fig. 4.
Fig. 24 illustrates a second specific embodiment of the invention,
configured to generate a waveform similar to that in Fig. 6 or Fig. 16.
Fig. 25 illustrates waveforms associated with the circuit in Fig. 24.
Fig. 26 illustrates a third specific embodiment of the invention,
35 configured to provide a choice of waveforms of types broadly similar to
those in Fig. 4, Fig. 6 or Fig. 10.
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Fig. 31 illustrates a fifth specific enbodi nrent of the

invention, configured to generate a waveformsiml ar
WPR0HW2¢53t t om one in Fig. 30. 10 Fig. 32 il | UMI1/6$2084/020207

wavef ornms associated with the circuit in Fig. 31. Fig.

33 illustrates a sixth specific enbodi nent of the

invention, also configured tld generate a waveform

simlar to the bottomone in Fig. 30 but with greater

preci si ORigand MIRREERY S idibls afdodiaidd witl R &ifhffin Fig. 26.
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I(Igi o ectpﬁgégé Iﬁﬁé’ﬂﬁ%‘ég v%&%e?é}n%gée%%tggfa'?%do?ﬁ&tégnc%rct(ﬁét in Fig. 31.

pL, . ) . .
nat ur al 33?%??&‘[%35( asukty ppeqific sakodimant phthe ivieation,
per alneonfigeatd tog geidratesh grvesome sihiliie® Mernsittom one in Fig.

uni t natu ' .5.:and consequentl|y

ti Sgg?@‘fﬁgﬂ%@ﬁ?& @SCIE@C%I?%E%}T%?‘QE%RZ according to

the presidht SFAVEFTRIEH WaYEEges assesiated, withl thgicdeouit in Fig. 33.
15tress 30 when conpared to electrostinulation from
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A T e
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24! "&é‘)qcéﬂ:@rr gx%bﬁing -theT%leﬁ\r}grys 8t fb%etzlg’ctrical signals optimized to
correspond to natural body signals resulting in accelerated and more
permanent healing. The signals described herein uniquely conform to
natural signals and consequently tissues subjected to electrostimulation
according to the present invention undergo less physiological stress
30 when compared to electrostimulation from previous devices. In
addition, the present invention is non-invasive and cost-effective
making it desirable for multiple applications for personal and individual
use.
According to its major aspects and broadly stated, the present
35 invention is an apparatus and method for generating an electrical signal
for use in biomedical applications. The signal includes a waveform
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30 intervals T1, T2, T3, T4, and also Ts, and Tg and so forth if present by
frequency division, or both timing blocks may be driven in a like manner

by a shared timing source such as a crystal-controlled oscillator.
For consistency in the following examples, but without any intent
to limit the invention, T1 will be considered to be the "at least one"
35 primary timing interval which is not divided into a plurality of shorter
secondary timing intervals; L1 the constant level of voltage or current




16 which is maintained during Ti; and T2 the "at | east

one" primary timng interval which is so subdivided.
WSSt primary timing intervals T3, T4 arRCTAGS20444020207

if present and so forth may be so subdivided or not,

as set forth in each individual exanple. 5 During
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wound dressings, through conductive devices (such as metal bone
30 fixation pins or electrically-conductive catheters) which have already
been implanted for other purposes, through bodies of conductive liquid
in contact with the skin or other tissues, or by similar conductive means,
providing a wide range of flexibility to suit individual cases. (The term
"conductive" is here taken in a broad sense including both ohmic and

35  capacitive components, as will be explained later.)



"conductive" is here taken in a broad sense including

both ohm c and 35 capacitive conponents, as wll be
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fixed in length with the exception of T], which may be arbitrarily long.
30 Timing intervals T1, T2 and so forth, and t1, t2 and so forth, have
the following relationships:

(a) 50 psec <(T1, T2, ...) <30 sec
(b) 200 psec <(T1 + T2 +..) <120 sec
35 (¢} 5 psec (1, t2, ...) < 50 msec
' (d) 10 psec<(tat+tb+..)<0.5TA



the followng relationships: (a) 50 sec < (Tl, T2,
.%<30 sec (b) 200 sec < (Tl + T2 + ...) < 120 sec
w20 ¥02&3sec < (tl, t2, ...) < 50 nsec (d) 10 BELUS2004/020207
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Where the primary cycle is aperiodic, conditions (a) and (b) are
modified to

25
(a) 50 psec <(T2,T3,..)<30sec
{(b) 200 psec < (T2 + T3 +..) <120 sec

: where (T, ...) indicates any one of primary intervals T,, T; and so
30 forth, and (Tz + T3 + ...) indicates the sum of these intervals, equal to
the length of a primary cycle excluding T1 which, as stated above, may

be arbitrarily long. All other relationships are the same as above.
Where two or more primary intervals are spent at constant output
levels, these levels need not be the same, and where two or more primary
35 intervals contain secondary cycles, the intervals and cotresponding
output levels within them need not be identical.
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28 had distorted ' intdrval will typically be about one-fourth longer than
. normal, while with a generator constructed as in Figure 31, it will be
about one-third shorter than normal. For example, a two-stage
secondary cycle might begin
"tX: tb: ta> tb: ta: tb"'-"
30  where ty represents a ta lengthened or shortened by startup transients.
Any such distorted intervals or portions of incomplete cycles are
regarded as "strays” for the purposes of (¢), and within a given primary
cycle will total not more than twice the secondary cycle length.
The intervals making up any given primary cycle may all be

35 nominally equal, or not. Preferably, however, when only two such
intervals TA and TR are present,
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cycl e frequency present during any part of the
primary cycl e(h)FIEPEF éHy(quhEl’Izi~t-ut)i ng the carrier

26 requency.
and so fort

25

30

35

_,_or)current levels LI, L2
ﬁhegt of FA, FR, ....

where Fp represents the primary cycle frequency, FA represents the
secondary cycle frequency within a given interval TA, and Fmax
represents the highest secondary cycle frequency present during any part
of the primary cycle, thereby constituting the carrier frequency.

Constant voltage or current levels L1, L2 and so forth are typically
generated first as differential voltage levels, which may thereafter be
translated into levels of current. Preferably, to conserve battery power,
such translation into current takes place only after the selection of a
voltage level for each timing interval, so that non-selected levels during
each such timing period consume po current. More preferably, all
voltages within the apparatus, including the output waveform, lie within
the range between -42.4 volts and +42.4 volts, thereby meeting the IEC
950 definition of "safety ultra-low voltages." Similarly, any output
currents preferably lie within the range between -10.0 milliamperes and
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&éygi}\aily lab.g"ledg@%a or purposes of illustration, an atyplcaYIy small

number of secondary cycles is shown,

The flow of time is from left to right, with vertical bars 96a and

96b representing the start of T1 in each of two successive cycles, so that

the interval between them represents one full cycle. Solid line 98

30 indicates the output, which is held constant at level L1 during Tj;

undergoes a secondary cycle during T2, in which it aliernates between

level L2 during t] and L3 during t2; and again is held constant during

T3, but at I3 rather than at L1. At the end of T3, the cycle begins again

with T1 and the output changes again to a constant L1. Further details

35 of this waveform, means of generating it, and some of its potential uses,
may be found in U.S. Patent #6,535,767.
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respect to time taken throughout the length of TA, and "Sqr" indicates
the square root function.
A nonzero A.C. amplitude during any primary timing interval
results from the presence of a secondary cycle. Vertical hatching within
35 steps of envelope 104 is not meant to indicate any particular timing
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25  the filter may include a shunt capacitance, a resistor network, a voltage-

controlled current source, or other suitable device that sinmultaneously

slows and controls the rate of transitions, attenuates output frequency

components above about 10 Fyax (or other selected frequency), and

prevents interference with circuit functioning by external radio-

30 frequency signals.  Simultaneously, the filter may block D.C.

components from the output, provide voltage step-up through a
transformer, or both.

Yet another feature of the present invention is the use of dual

timing blocks, each optionally incorporating a multistep sequencer, to

35 generate waveforms that can be combined to produce an output

waveform having selected characteristics. In a preferred embodiment of
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Still another feature of the present invention is its versatility. The
apparatus may be configured easily so as to produce an output waveform
30 with choosable timing. intervals, output voltage or current levels, and
overall envelope, or to allow choice among a plurality of any of these, to
address various physiological needs. As noted above, tissues may
respond in different ways to different signal frequencies, to a pure AC
~ signal, or to an AC signal with a superimposed positive or negative DC
35 component. Similarly, as shown in Fig. 3, different effects may appear
at different current densities.
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“The present invention is an apparatus for use in providing

bioelectric stimulation in a variety of applications, together with a

30 method for its application to the human body or to other living or

nonliving materials.

As previously stated, the objective of the invention is to generate

any one or any combination of a broad class of waveforms, for use in

" biomedical applications, each of which is based on a plurality of

35 relatively long primary timing intervals T1, T2 and so forth, forming in

succession a primary repeating cycle; a plurality of shorter secondary



application. Signals generated by the circuitry of the
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approximates the sinusoidal energy distribution over time which is a

primary feature of traditional interferential electrotherapy. In such
30 therapy, two sinusoidal signals of slightly different frequencies are
applied to the body and allowed to "interfere" within it, creating a lower
"beat frequency” upon which a higher "carrier" frequency is modulated.
The carrier frequency is simply the average of the two original
frequencies, while the beat frequency is the difference between them.
35 Carrier frequencies typically range from about 1000 to about 10,000 Hz,
with frequencies between 4000 and 4500 Hz most common although for



timng interval or, if that interval contains a
secondary cycle, during each secondary timng
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© rate of the secondary cycle represents the carrier frequency. Amplitude

reduction during T2 (82a) and T4 (82c), relative to T3 (82b), is achieved by
keeping the same timing, but sw1tch1ng between more closely-spaced voltage
or current levels. To illustrate one of many possible variations in the
Wavefonn, the secondary cycle within T4 is shown with a different D.C. |
offset from that in T2.
Figure 6 and all others following it which depict waveforms (Figures .
7 through 16, 25, 27, 29, 30, 32 and 34) follow the same conventions which
were used in Figure. 4, but with the following simplifications: |
| - (1) A single pnmary cycle is shown in each Flgure begmmng w1th
T; at the left margin of the figure, and endmg at the right margm "



A first approxi mately sinusoidal waveform follow ng
the principles of the invention, consists of five
primary timng intervals TI-T5, of which TI and T5
are spent at constant output,|evels L1 and L3
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80. Preferably, the “quiet," "step-in," "full signal" and "step-out" periods have
durations in the ratio 1:2:3:2. The result is a ratio of peak to average voltage or
current (1.60) which closely approximates that of a mathematically pure
sinusoid (1.57), and a ratio of peak to R.M.S. voltage or current (1.414) which is
identical with ;he pure sinusoid's. Because of the waveform's symmetry, 1o
equalizing pulse is neceded.

Yet another representatwe four—stage quasi-sinusoidal wavcfonn is

shown in Figure 8 and contains four primary timing intervals 80, 44a, 44b and

_ 44c. This differs from the previous examples in that the



of the pulses in each Figure. (3) Identifying
characters are omtted except where they are
specifically cited in the text. Since in a few cases
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2 angT%4 but the value of t1 and t3 need not be the same as that of t2 and t4. A
non-zero level Ly is selected during tl, its paired Ly is selected durtng t3, while
L1 is selected during t2 and t4. This causes the four intervals to form a duty

cycle,
DC=(t1+3)/(t1+t2+t3+14),

which may have any value from zero to 100%. An increase in the duty cycle
yields a greater signal amplitude. At DC=0, tl and t3 vanish and the signal
becomes a constant L1, while at DC=100%, t2 and t4 vanish and the signal

- becomes a square wave alternating between Ly and |



hi gher average anplitude during T3 (44b) is achieved
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PCT hﬁw@%’fﬁﬁ@]ﬁﬁ@n or re—educatlon in which frains of short, high-
intensity pulses must alternate with rest periods, causing alternate
contraction and relaxation of the muscle fibers. It is well-known that

30  different muscle fibers, and the nerves supplying them, have different
response thresholds and thus respond best to impulses or bursts with
different energies. A waveform whose primary cycle includes several
different burst lengths, with similarly varied intervals between them,
may thus be more effective than one with only a single burst length and

35 interval. Figure 10 shows an example of such a waveform, employing



30 Ly selected during ti and t3, and the nenbers of
anot her such pair LX and Ly' selected during t2 and
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A waveform of the general type described above and according to the
principles of the present invention will inherently be charge-balanced--that is,
the output will show a net zero direct-current content--if the time average of
positive and negative voltages or currents at the output, over the length of one
primary cycle, is zero. This may be achieved in any of several ways. For
example, the'output may be passed through an output network which blocks
direct current. Altemnatively, the positive and negative signal intervals may be
balanced so that approximately equal amounts of time are spent in each state,

minimizing the direct-
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over chosen parts of a relatively long primary cycle, but chérge-balanced

over the cycle as a whole. Figure 15 illustrates such a primary cycle, in
which T1(80).and T5. (80):represent intervals of zero voltage or current while
T, r(7lflla)'rand T4 (74b) are intervals of charge-unbalanced signals. T 2'(74&5‘ and
Ty (74b)%are equal in length, and equal and opposite in polarity, so that over

the full primary cycle the charge remains balanced. For optimal
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may be varied so as to compensate for variable tissue cross-sections under
treatment or differing optimal current densities of various tissues.

Conditions believed to be treatable with waveforms such as those
described above include, but are not necessarily limited to, the following: bone
- fractures, osteoporosis, acute pain, chronic pain, swelling, simple inflammation,
and inflammatory disorders such as tendonitis (including carpal tunnel

syndrome and other repetitive stress injuries) and osteoarthritis. Accelerated

healing of wounds, involving a




over the cycle as a whole. Figure 15 illustrates such
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30 water or a pharmaceutical product might be decreased by similar
treatment, again using a waveform chosen for the purpose.

The means of application is another important feature of the
invention. The broad range of achievable therapeutic signal waveforms,
frequencies and strengths suits the invention to a broad range of such

35 application means, including, but not necessarily limited to: conductive
skin-contact electrodes; conductive wound dressings, such as hydrogels
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a roughly football-shaped volume 138, lying within tissue volume 130
with one of its ends at each electrode. Tissues within volume 138 will
30 therefore receive the most effective treatment. For example, in the
treatment of a bone fracture, the electrodes should be positioned on the

skin so as to place the fracture near the center of this volume, as shown,
Figure 18 illustrates a specific application of the invention to a
mode of therapy in which it is desired to stimulate bone growth for the
35 purpose of bone lengthening. In such therapy as it is presently practiced

using the Ilizarov and similar fixation means, the bone 150 is cut or
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increased, by treatnment with a suitable waveform As
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organi sns within a food product, beverage, drinking 30
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conducted, in which the full intended bone extension had been achieved
but the new bone had remained poorly calcified for several months and
30 the adjacent old bone had become osteoporotic, preventing the fixator
from being removed, stimulation by this means re-started the growth so
that after six more weeks, healing was essentially complete and the pins
and other extension means could be removed.
Recently, there has been a new development in this field of
35 treatment: the formerly heavy and X-ray-opaque metal collars 154a and

154b have been replaced by new ones made of composite materials such



styles, and usually self-adhesive. For use with the

invention, they are placed on the skin 134 and driven
woyoms/ogteghal source 136 in such a way 25 that H@I/US2004/020207
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A suitable signal according to the principles of the invention is
generated by a source 178 and passed through the solution and the
immersed body part, from one electrode to the other, as described in the

30 preceding sections and Figures. The resistivity of liguid 174, including
dissolved salts, preferably lies in the same range as that of living tissues,
around 50 to 300 ohm-centimeters. By suitable electrode design and
placement, substantially the whole volume of liquid 174 can be made to
transmit current at useful intensity levels.

35 This same application method, or simple variations upon it, can
also be used in the treatment of cell or tissue cultures, drinking water and
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approach, for example, a combination stimulator can easily be built

30 combining interferential electrotherapy with powered muscle stimulation
and perhaps also with other chosen waveforms, yet without the
"overhead" of cost, bulk, power demand (with resulting short battery
lifetimes) and high manufacturing setup charges which would likely be
required for the same functions if implemented using microprocessor

35 technology.
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integrated circuit (single-pole, single-throw) or in a CD4053B (single-

pole, double-throw). Switches of these types may be used to carry either

analog or digital signals, so long as they do not exceed the voltage range
30  between the positive supply and ground.

For simplicity in this and the following Figures, and to distinguish
them from conventional, moving-contact switches or relays, these
switches will be indicated by the following conventions. Single
"bowtie" symbols, as in Figure 21, will indicate single-throw (CD4016B

35 or CD4066B type) switches. Doubled "bowties" (as, for example, switch
270 in Figure 23) will indicate double-throw (CD4053B type) switches.
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30 Passive components 212 may consist of resistors, capacitors,
diodes, or series or parallet combinations of such devices. Components
212 may affect the timing of frequency generators 202, 206, or both.
Alternatively, some of switches 210 may control logic signals to select
or de-select various circuit functions.

35 In some cases it may be practical to combine frequency generators
202 and 206: for instance, by passing the output of generator 202
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30 connected to them (typically, any which help to generate the fiming) can
be eliminated. For some purposes, however, it may be advantageous to
retain others of these switches and passive components, as shown,
controlling them directly with the microprocessor outputs.
A first specific embodiment of the invention is shown in Figure
35 23. For purposes of illustration, this embodiment has been deliberately
simplified so as to generate the three-stage prior art primary cycle, with
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30 well-known in the art of circuit design. Assuming ideal component
behavior, the cycle time, or time for one complete oscillation, is given by
the equation

Tcyc =2RC 11’1(3)
35
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Preferably, capacitor 268a has a value between about 1.5 and

about 2.7 times that of capacitor 268b, causing steps 1 through 9 to last

30 longer than step 10 by the same ratio. Resistor 266 may be either a
simple potentiometer as shown, or a switch selecting any of a plurality of
fixed resistors, singly or in combination. Preferably, resistor 266 has a
range of possible values from about 15,000 ohms fo about 1.5 million
ohms, capacitor 268a has a value of 0.022 microfarad, and capacitor

35 268b has a value of 0.01 microfarad. The value of resistor 264 is not
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0SCi dAhRedC AN Tdel 3h! 0SS PNt #6 D13 VIR L &2 incorporated by
reference. The second NAND gate input, when held at logic high while
the sequencer is in step 9, acts as an enabling input which turns on
generator 290 only during this interval.

30 Output signals from generator 290 consist of two complementary
logic-level signals on lines 306a and 306b. With the generator turned
on, the two lines swap logic states with a frequency and duty cycle given
(to close approximations) by the equations

35 FOsCc=1/CiIn(3) (RS +Rp) and



30 well-known in the art of circuit design. Assum ng

i deal conponent behavior, the cycle tine, or tine for
wonrel9gsset e oscillation, is given by the equall/gse004/020207
Tcyc = 2 RCIn(3) 35 WO 2005/002663

PCT/ US2004/ 020207 43 where R is the value of resistor
266, Cis the value of the sgkected capacitor 268a or
268b, and In(3) is approximately 1.0986. The cycle

time is thus prop iongl to b t he val ue of the
sel ect ed capaci toﬁé%ﬁgﬁst/t@svgltfg@ to which resistor
266 has been adjusted. 5 The out put of generator 260,
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digital counter formng a.ten-step sequencer, 274.
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During steps 1 through 8, and also during step 10, switches 310a
25 and 310b receive a logic low control input, and thus make no
" connection. During step 9, however, they receive a logic high input, turn
on, and pass-the complementary output signals through to the drivers.
This creates a secondary-cycle output signal having the previously-
- described characteristics during step 9, which thus represents T2 in the
30 primary cycle.

During step 10 of sequencer 254, representing T3 in the primary
cycle, generator 260 is once again turned off, and its outputs are
disconnected from the output drivers. Diode 312, however, now feeds
the positive logic signal from output 10 of the sequencer to the input of

35  driver 208a, overwhelming the effect of resistor 282a, while the input of

driver 280b remains held at logic low by resistor 282b. This causes the



Preferably, capacitor 268a has a val ue between about

1.5 and about 2.7 tines that of capacitor 268b,
wQausioazsest eps 1 through 9 to last 30 | onger PCAVUS0G020207

10 by the same ratio. Resistor 266 may be either a

sinpl e potentioneter as shown, or a switch selecting

any of a plurality of flxed£ sistors, singly or in

conmbi nation. Preferably, resisStor 266 has a range of

possj bl e val ues from about 15,000 ohps to about 1.
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A second specific embodiment of the invention is shown in Figure

24. This implementation can produce either the output waveform of

30 Figure 7 or that of Figure 16, or any one of a family of alternative

waveforms having the same general form but different primary cycle

lengths, secondary cycle lengths, frequency characteristics, or any
combination of these.

A first frequency generator 330 and sequencer 332 produce a

35 primary cycle. Frequency generator 330 and sequencer 332 are much the

same as in the previous embodiment, except that in the CD4017B chip
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25 the oscillator, when nodified by adding the extra

resistor and di ode, was explained in detail in U S
wWe200002668, 011, 994, here incorporated by ref eP€TaEE2004/020207

The second NAND gate input, when held at |ogic high

while the sequencer is in step 9, acts as an enabling

i nput which turns on genera#dr 290 only during this

interval. 30 Qutput signals from generator 290 consi st

of formhifi g FRL %E&ﬁéﬁde‘f ohﬁﬂn't & {e¥sitnettcNg] thePfeskt t so that,
306a and- 306 enerator t uy.ne
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appROWENSH Zﬁléjng?@%e%%éﬁféﬁf S 3345, egﬁ £iwhich are

t heequulapordluen Cff tlrtesegeczfpyaenbr Bﬁ4a Imecmmztm)at tllvémes while
-ufo' e biheds arrgpé f krﬂ @xﬂ#&%%fluoﬁ%%&l‘?@sﬂ nga and
h e nega i ve ra
 ar c380bsERPES: ek e onondi, unee h SETVHRIGREAUIPHOO Ahdixed
200£EsifloKBR 8 auddvaXable ﬁ-:hetdramt!)shﬁet ﬁmetloﬁﬁ% ‘dnBOba%@/wvay as

- satiaish b Dti t ?é«heﬂé
o SIS et Ty LS TR

18.cceqmpicitohaddafadsnehelpplset thla)dn&lrvalrtﬁnéem stors 298 and
300 and capacitor 304 stock conponent val ues of

180, 000 ohms,,.,33,000.0 15 and .001 mcrofarad
respecti vel yT]PI’ﬁca2 (ahglné on-1lines 306a and 306b are
sent respectively to drivers 280a and 280b through

;oS gi’soﬁl SIS RS Rt e aid' € 1t of qappcitor
28 ecBiom thewialemhoD Aged pegistos A8 as n@tjcnglca,llﬁqglgn@as it is

- I rom Iela@t 168 B RiaxinOm v4lus iofpédistol B40si nce the "zero
ur n- on r
ﬁééeb?o%’h EHI%S'?% | ;t&ll? %%6? i§ tﬂﬁfeduéx? ‘iil%routgﬂemverter

sw tches ar
s maB#2 ndmeeaby ‘ourtputhl Sioge sequismcen %Zmoﬂint other words,iisis turned
t heoffoghbaldueingt Myl.) | &héd colanedist capasitot 33db in parallel with

25  capacitor 334a. In addition, during T3 only, switch 336b is also turned

on by output 3 from the sequencer, connecting capacitor 334c¢ in parallel
with the others. As a result,

T =T4=2mB)R2C)=4(3)RC and

30
T3=2ImB)RGBC)=6m(3)RC
so that T2 is twice as long as T1, T3 is three times as long as T1, and T4
is again twice as long as T1.
35 Simultaneously, a second frequency generator 344 Tuns at all

times except when switched off by inverter 342 during T1. Generator



During steps 1 through 8, and al so during step 10,

switches 310a 25 and 310b receive a logic | ow control
WOaM0026Ad t hus nake no connection. During stREX/Q52004/020207

however, they receive a logic high input, turn on,

and pass the conpl enentary output signals through to

the drivers. This creates a ggcondary-cycle out put

signal having the prevrously descri bed

char gl geé,éaggg,; K kb0l 2R0 T B 2t ot Bief B etia diode
sequikk gesisiyr, th@gr aisedt ton g)rtféuqzen aspempetiicapycillajiohe are not
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to a>andd, pm@mxhg allogicclos¥ atifgfut duhﬁfgepy aREeA ahél %Qoglc high
o ff(ﬁ_{ra%rrg anQUpput vol tage equal opposite to th

rese for a mpjority of the tine durrng
T2 so thdthe dutput p{Tate 348 iefed to ppe mbat@é d Wipiad ENKOR gate

IS SIS tpRbdbitern th 3 ge ‘3 eA@g%ns UAsa
L U o i R,
res UVRile duringnd 1 gnd Mideit vathe sighal doelingBh6kj imvestey. TI =

136. 4 meeqy ( @fés:]ﬁ {H%ef)?l &tgrgf gat%% 'ﬁ;%d(tg %1%@ uﬁé‘é of a

nsec,
sec Touph NOK gage 3 Wlmer‘ét ehanpyir ist tmarwrgwwerp signal on

eacHime 3%6a. T%amd rés’hlt;ogﬁtesﬁﬁmdsoﬁ ut He aneehs@dht logic low
-set tthRshgMouy ary @ﬁﬂel“ eﬁfhﬁEQi T3WHd 94 tﬁeisrtﬁﬁ%%nal on line

shogw6a er jt parent es represents t
462 Hévﬁriﬂde settr ngs. To m ni m ze charge inbal ance

a0hi ch rrail‘ hegs welatiohships wed showtindipard 2 9Mwhere intervals 360a,
i ncen@be%ccmgﬁbefa%e%f‘arg”i‘gt Ty Oféﬁgéetl%@pyaces 346a

filter cking any_remal i n rect curren
alppé"éirdr fepr%gergy ihe wiltages on the hke numbered signal lines; and

traces 348, 350, 352 and 354 represent the outputs of the like-numbered
gates.. Trace 360 is simply the difference between traces 352 and 354.
25 = Note that trace 360 is identical with that in Figure 7.

The signal represented by.irace 360 has some of the characteristics
of the sinusoidally-modulated signal which results from the interference
of two sine waves at slightly different frequencies. This is the classic
signal used in interferential electrotherapy, in which it is created by

30  applying sine-wave signals at two slightly different frequencies to the
body through separate electrode pairs. Such a signal is represented by
frace 362.

The signals of traces 360 and 362 are alike in that both have

aliernating periods of maximum and minimum intensity, with the
35 mininum lasting only a short time while the maximum is relatively long.
They differ primarily in harmonic content: since the signal of trace 360



20 While the circuit of figure 23 is significantly

nore conplex than those described in U S. Patents
wWOeIB10026494 and #6, 535,767, it has the advant R§E/G82004/020207

permtting all primary timng intervals to be set by

the single variable resistor 266 so that, by changi ng

the value of this resistor, gguser can change the

pul se-train repetition frequency Fp w thout 25

affecting the charge bal.ance of the resulting. output
Snd 43 PP CRRETS o CoBtain GTEp RIS Rl JgNt figliehcies, while
whi cthensigmtihiafstrace Gi6@t does friotgsinoe ythe F8ayes) aad apq»rommately
FOS(‘Sdl ahoy@y and duty cycle DCS. A second specifi c
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t hat outmlfh cPBWORERl Ay sinlancoushebe blnskeder

i medi at eF(Yr ékam ralthy smglbidi)eiﬂﬁbndl lekendsgonant bandpass
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| en?ﬁl@ u@ﬁczbi‘ ﬁu@id@ﬁ;%hldtséﬁ giéélé’dlﬁel QARTERY @aﬁggﬁgbé this circuit
R e
334bwal @ e disebssedf funtherthesee Actpgand; rdanéﬂcaleﬁlf@r 3569, for
1%?8011&%& Qlﬁ%\ﬁlé‘lﬁeﬂes n@é?tz?%lgﬁlﬁggdt)xt 'p@?ﬁ)rﬁﬁl kige same
swi r 3he oSBT Slle ik @@WCH%E%EP%H g5, may be
the umﬂ@eumag mdowupow@r fdued doparegdraloamplBennntegrated circuit
vari ghtifad 85T F3BBNBEPThERE. function in the sane vvay as
§ mpl oot BACSORSFPIRIoR, Roesified! sith Hffattisag s readily
BBt happaneat] thé sigmnab hatthe sdifie oapradl cheragiBiatics @mbefore but the
hel phigftrehiendybfdI¥ehre héW considerably more rounded, showing that
most harmonics have been eliminated. Note that trace 364 is identical
with that in Figure 16.
A third specific embodiment of the invention, shown in Figure 26,
30 is designed to produce from the same compact device, and at the user's
choice, either an asymmetrically-modulated pulse-train signal similar to
that of Figure 4, suitable for tissue healing stimulation and pain relief; a
square-wave-modulated signal of similar form, suitable for muscle
stimulation; or a quasi-sinusoidal signal like that of the previous
35 embodiment, suitable for interferential stimulation.



T1=2In(3) RC where R is the value of variable resistor
340 and Cis that of capacitor 20 334a. Again, the

WO NR0A63f | xed resistor 338 is not critical s@®OTHERPOGH20207
it is at least tw ce the maxi numval ue of resistor
340. During T2, T3 and T4, switch 336a is turned on
through inverter 342, drlven @y out put 1 from
sequencer 332. (In other mords is turned off only
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1) p#@% cHza@ﬁ‘naHz) cnoslhg | ¢7q:tlamtlorar\ehmht folbowsentThe basic
her eprifiSirfled %%éver G0 A Rndd ol

conpl e r}tﬁ%f e- ﬁn s on I Nes %lfga and
346b. 5 ‘@ lpviasth g@t it shariag aebwers mags up of
are bmogmréldo uBreandoS802, sathethad&iftes sqoariagtofdtht pulses by

out p ,J@?}I cing a logic |ow output during
| nt e?vtﬁé\lg Cig0$ al?lfd a logic high output during

tervals Ti and T4. Sinmlarly, gate 350 is connected
to outputs 3Rko=4/ (K E@B8CHhg a | ogic-1 ow out put
during T3 and T4 and a logic high 10 during Ti and

T2. The output of gate 348 is fed to onelnput of a
t hi r&’hﬁ@? ghe 3’9813 %6@%5@%¥2,|(ﬁr}§tt ¢ svalpe of capacitor 410,

.squaFé}S@w&at}m gperbting fraquensy elf gehstaior 4@8,udrid KgEt @numerical

2' t n o 0
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| i ne“@xeﬁarm n{eafeeabl y,1 lies injthe rangsitem twaéo xﬁmn oielding
gat eddfyOcydled afl theoorampe frowub7%f t0395%, thus satisfying condition (g)

in the previous section. More preferably, K is about 5.75, yielding a
duty cycle close to 88%. Switch 414 then permits either the symmetric
25 or the asymmetric version of the output waveform to be chosen.
Preferably, the signal is then buffered by a gate 416, which may be
inverting, as shown.
- Binary counter 402 has a plurality of taps representing different
binary divisors. Any one of these taps, or preferably any one of a chosen
30 subset of them, may be selected using switch 404. The signal at the
selected tap then forms the clock input to sequencer 406, which is
configured for eight steps by connecting together the step 9 output and
reset input. As a result, the primary cycle frequency represents a further
division of the clock frequency by eight. For example, with the subset of
35 selectable taps shown in the Figure, and with an oscillator frequency of
4096 Hz:




fourth NOR gate 354, whose other input is the

square-wave signal on |ine 346a. As a result, gate
WQ3s802963 put i s at constant |ogic | ow througREITUSEN04/020207
‘and T2, while during T3 and T4 it is the signal on

line 346a, inverted. 20 These rel ati onshi ps are shown

in Figure 25, where interval $;360a, 360b, 360c and

360d are Ti, T2, T3 and T4 respectively; traces 346a

and 346Db represent t he vol tages on the |ike-nunbered
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i nt er f er ence—“of—two—siAeWaves—at-lstghtty—di-ffer ent
frequencies. This is the C|aSSIC signal used in
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& 1 FeRerORE e 8 TR dy % i Gt @%h%’ sfggele from

£ couibimes
5| esequateepdiOts. Siuelarly, HRrgate |4§6reqombmt #9p 4, d 6
trag n%@ﬁ The signals of traces 360 and 362 are aI | ke

t

int ot h hav al ter nat |ng od f Xi mu

mi ni mum | ﬁ”foeﬁgf thipe-Ros B‘l'[‘)’ h z Jga{lng 6313% some
shorbnibimetiomdf elgnlak #2200 4224 andl 4926 smt};at it glgnlilﬁe%ﬂlec’fed
di f [

o T T STk i
Bhar' glesiseledd &oar AR PSR 018
fr e@,-eb@t simal ADI dn }bdsmtlen dhal oné poleasaeds iglwd iAo while the

SRS RSO it T 4420

j ustd %TPFPEF(%WGIS Sone charge inbal ance is present
duri ng TANDdgdé, 4dtthei mombtines theasighalsnfroduigatey416 and on

shesg,d MAS \f:altﬁ & OpALP @Ee 019 h%ﬂf&iﬁ'\f@ﬂlme 442a
pol ariti es, ataiﬁ (F! Ta?héﬁééfnce ﬁaﬂ‘@c@§ Pyglgws from

r esilglkagh. rﬁéﬁll e
dl r geite 406 ragidt o ﬂmektlm eapautithar the damrisgnehempessed through,
vg¥ eaﬁ% %@E&% g(g g:fl%l% B}}ecl:m'[ “szé']naéé\:/ [.effﬁf@t@%‘ﬁﬁﬁ' andl 346 are
hi gty pwgmy Whsrgpaliagesonenren qmp}bﬁ eafiqey1s desired, gates
dandprisgndd4b anapadthet bkidgh-tcgrrent-output types, or be followed by
buffer amplifiers as was shown in Figure 21.

Filter 448 then preferably blocks DC and frequency components
above about 40 KHz (10 FS) and steps up the output voltage if
necessary, yielding a differential output at terminals 450. Filter 448 may

25 optionally be given a plurality of different filtering and/or voltage step-
' up characteristics, also switch-selected, to suit the different waveforms
and their intended applications.

The result is shown in Figure 27. Trace 404 represents the clock
input to sequencer 406. Trace 416 represents the selected carrier

30 waveform, here shown as asymmetric; the cycle length is exaggerated
- for clarity. Trace 420 represents the Step 1 output, and traces 424, 426,
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preferably using active operational-anplifier
circuits. Direct-current output conponents may

WaRMH0%dousl y be bl ocked. For exanple, the PCT/US2004/020207

si ngl e-operational -anplifier, resonant bandpass 15
filter shown schematically in circuit block 356a w |
perform both .of these functigns for the output signal
of gate 352, by bl ocking all frequenm es outside a

chosen, Sl tivel narr w band nce.this rcuiE i'i”

o 20, 35 e S gndisrion 1B o0 EspoRdMEcHngh B HigEe 26. ' Traces
desidgia, i459bf amt ¥500inepresent thenodsublinglidsffersntid] foutputesignals
her g50A ﬁ?cﬁgﬂnohgen}x"ca’l f 'alnHer"C%%*f %ﬁﬁhzqtlo reﬁ%ectively,

conci seness r S a bl ank perfor

t he NSZIECtng 4R PU ﬁ%tspgqueﬁém ut put of gate 354.
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25 afpaably ,tot HEmRi dval pémibleheoadrimatdorer alfl settings to some

char A6 Bhi it o &&%Fg&geﬁ&ffg ey &hgm SAYRSIs which are

cycl e are n cons erab show.n

Wos tthe anegirgeneraldy asekdn ot gemaledall @qsw&uldarﬁc@mbmed

364 1nSaldifSﬂ§m9&1ﬂ1ult1Wold1 rbﬁiijl switdh, fifélat Go thdsbivgdd in digital
Spe%ﬁbﬁn@&? ég\:rvgneénf gotsnfod{ g}équﬁfgmg?%l? I&ﬂ%‘eﬂ %oﬁ‘i‘tﬂﬂ%t?on and

same co
devie mgieipasitioRduIKBE" tbe siamilater offi t her an
asymmetrical |l y-nodul ated pul se-train signal simlar to

b Rl Ui %Weiqﬂl%r WIS SR saoginagpt, and
si grihe syfiteh mmbmatlonwl dingsibem, s muscl e
stinmul ation; or a quasi-sinusoidal signal |ike that of

t he prevj ety suua' € for

inteffer' @w %o ”é"f‘"ﬁg% Sw. 440
PCT/ US20DKuEA6 &GiulatHi)] $30mmq:1uc poses ©02048| | usthkation, [in
this enmbpgdigent. a8 gAMrﬁ&qéjency gener at < 400, of

conventi h—directd eneratesthe

secondar ynigpferaatiaging d 2H@n3yﬁlmﬁ%rv*m.mpr @02 sugh
as a CDADAfBferdnfibleqr al BOHE, iSyiictric whir.z:h toget her with

~J LA ~S PI T Iluly

functions as secondary frequency generator 206 as
shovvn in "ﬁﬁ&%&o?é—stmfﬁ@étﬁ{ tpdvet&fin MRistnaifytwoRscaid pulse

S iy oA el A g i oo
periods of no signal, pemnttmg them to relax. The tissue-stimulating
waveform is similar to that generated by the first embodiment of the
invention, while the interferential waveform is similar to that generated
by the second embodiment.

25 A fourth specific embodiment of the invention is designed to
produce a nonsinusoidal, asymmetric but charge-balanced output similar
to that which was shown in Figure 15, but also containing the secondary-
cycle frequency shift which was shown in Figure 12. This embodiment
is shown in Figure 28.
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4500 Hz. For sinplicity, the operating frequency wll
be assuned to be 10 4096 Hz (212 Hz) in the

WEZMISASBon whi ch fol l ows. The basic princi plR§§/0S2004/020207
however, are independent of the actual frequency.
Generator 400 is followed by a pul se-shapi ng network
made up of capacitor 410 andsfesistor 412, such that,
after squaring of the pul ses gy a follow ng CMOS
gate, 15 RCz1l/ (KFOSC) where is.the val of. .
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ch!

con %Pm(@i in the previous section. Mre
preferésb%, { is about 5.75, yielding a duth cyfl %
cl ose to BsMORweeten 2494 cortinpe seapenest: REIPYtRes, 3, and 4,

sy ucingd Drloghe lasy nombut cdwdngi thesef stepe and pldgic high
vavelGEmAR b EDARENOR Al 81 9Moks thOSaBbahM oufpidqMend 5,
uf fered by a gafe . Which may be Inyert]ng, .as .
thovprodpehy w fegift low sbring sheseysieps| #rd legiq Adgh otherwise.
r epr Eheset owiputs Iefinerk] thronghyT4lisei thet 91 emalesterol, with the

hesguirpaf sate B1OHRHRBNY HRNG9E) Mw TONGRAN s 2. 3, and 4

subset t.frem e selecte siM tch 404 e ..
b Vi, b SUPRG S 4rds 1101 o, P iRt Sk igh: T3
to sequisstep 6.06ithvhe outpwts apanf agin dd ; hnd B gipalstthpsum of
c td t :ait n
¥ o epRE Rt “?‘?%ﬁ‘%ﬁ%ﬁ?&%‘%@ﬁg“?‘%%% Zf&ém% are equal
r epr @b fast akop, opgeecord gach.ohie thlasty sbeut thter speqnds and
by eTghasts Bbouekiaepéandsi tThe derls bmetepehis3s
sel ect abl sh i Nathe Figure, .and n
osci || at o‘g 1%1?.@\3]36%%‘”.‘501%{‘ ﬂlf\dbﬁo m‘?ﬁd B%’Bg_é’ fates 510 and
pcT/ Bkbowibebtis ontpwis ph frgie lew during Jddout Jegic Ipgh agall other
56 €qtimes4 @szdéﬁicll?gu{ﬁlt:e%%lé%% d¥tatfedFonP@WNOR fitte fed by
2Hz 2048 2Hz Q. 25 Igz . .
sequencer outpufs 6 through 10 or, in a CD4017B or equivalent
integrated circuit, directly from the C,, (“Carry Out”) pin.
A second frequency generator 520 is made up of a NAND gate
522, an inverter 524, three resistors 526, 528 and 530, a diode 532, a
25 capacitor 534a which is permanently connected, and a second capacitor
 534b which can be placed temporarily in paralle] with it through switch
536, controlled by gate 510 so that it is disconnected during T2.
- Generator 520 produces a single output on line 538. Gate 522 is

controlied by the output of gate 512, so that generator 520 runs only
30 during T2 and T4, while signal 512 is high, producing an oscillating

output on line 538, while during T1 and T3 signal 512 is low and
oscillator 520's output is also held constantly low.

The combination of resistor 530 and diode 532, connected in

parallel with resistor 528, renders the oscillation asymmetric as was

35  explained in U.S. Patent #6,011,994. With diode 532 oriented as shown,

the signal on line 538 is at logic high about 88% of the time during



The output 420 fromstep | of sequencer 406 is
inverted by gate 422. OR gate 424 conbines the step

WO 2005/00%63nd 4 output signals from 5 sequencerPCIdE52004/020207
Simlarly, OR gate 426 conbines the step 4, 5 and 6
signals. Two-pole, three-position switch 440 then
sel ects sone conbination of sai gnals 420, 422, 424 and
426 so that the signals selected by the tvvo poI es

42 2b
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vvh|I ot her select$ si gnal 426, so that these
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al es en ar
1§10 SP343 it e St oo e hond S DSl e @ads high and
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o | PRI TO PORPE AT Sl o
ﬁn %ff@ ol 2o is tﬂ@glc high
FS) duﬁugs’flf 19;553 apdtle ubablnglodowabmng T2neAe$smsylt gate 540

151 epaisRg the FignkP (oM Title SBH AHEhAlpeH TR ﬁ‘ﬁlﬂﬁanert? it at all
Fi l &%448 may 25 optionally be given a™pluralit

di f PHIEAYDSS: | ter| ng and/-or voltage step- up
char act e§insifarty,a sdcondsMOR Ba&%@faﬁwdsmssmphtsi the signal on
di fhﬁ&esse mﬁpﬁ@% é\fedsm%ﬁlch% §f‘ ST and

{heTa Bt g %‘%@3&5 254%%@1, ep 4SS Hl s1gna1

29 epifove hine SBRamsbhnged duoagrTebut m@eWaWHtmlhotﬁm tRnes.

oo 2TRe yﬁhﬁée%&?q?%sp?f"é‘?i ﬁ%ls”?%‘g %?S@Seéﬁggﬁ’ 3588 butfer
andamplEisss Sd4a ah S, 20 outresFreuThisIop el 7of the

52 Bnandidd ¢hisists gifatle diXféleatieDsigRbh Getivean |thBgs tivd buffer
Fi 9y @’ Traces 450a, 450b and 450c represent the
|

resu di fferent| al out put signals 450 for .
Dosi ti on'Ehe resultipg signpls @re dHustiated inligure 29, in which trace

respBR s Rl yutput of generator 520 on line 538; traces 510, 512, 514, 540
and 542 are the outputs of the like-numbered gates; and trace 546 is the

differential output signal from buffers 544a and 544b. The secondary
cycle lengths during: T2 are shown, and the number of cycles

30 - correspondingly reduced, so that the change in polarity between T72 and

T4, corresponding to that which was shown in Figure 5, is evident. Note

. that apart from this reversal, irace 544 is substantially identical with the
frace in Figure 12.

In some cases, intermittent rather than continuous treatment may

35 be desirable. For example, in the treatment of mild to moderate pain it

may be best to allow the patient to control the dosage: starting the



negl ecting any effects of filter 448. 5 Swtches 404,
414 and 440 may be either electronic switches, such

Wag00sHeae3 i n a CD40OL6B, CD4051B, CD4052B or CDAOIBB2004/020207

integrated circuit, or conventional nechanical

switches. In either case, it may be desirable to

limt the possible combinatiogs of settings to some
conveniently smal | nunber representing the output
wavefornms which are 10 the npst eral |y useful . For
exanpeaAment upeRShE e %IbBEOEo%EQWE‘EE thersignal fotlngenerated
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Shot8ckeh A s sl s SR S AT o
Thi shufiftrsdidfardnd 544ts toozeroi n F. gure 28. WO 2005/ 002663
RET/ Uszo%éé)e%g?ﬂg up® tﬁe é@lﬂggﬁl&ﬁt gee ﬁﬁfe? rSS@O@urther countmg

I
iéandéﬁiéi’ead@ ispblel s rdhet @b-ge san lfth%r pufiy ffom the

buffers until the counter is reset to zero, for example by the press of a

button as previously described. Alternatively, the count may be allowed

to continue so that upon the attainment of some other specific count,

25 generator 520 will be enabled again and the output will resume

periodically, for specified lengths of time, separated by specified

intervals of zero output. Other options are also possible with slight.

-modifications of the circuitry described.

| A fifth specific embodiment of the invention is designed to

30 produce a nonsinusoidal, approximately exponentially-decaying signal
whenever it is triggered by an exiernal source.

An idealized curve of symmetrical exponential decay is shown in

Figure 30 by trace 600; note that this reproduces trace 110 in Figure 5,

except that it is shown on a larger scale. Trace 602 shows an

35 approximation made up of five intervals 604a, 604b, 604c, 604d and

604e, each containing a carrier signal with steady amplitude which steps



enbodi nent descri bed. Since generator 500 has no

time-varying conponents, it runs at a constant rate,
WOQRIBH02E3 pr ef erabl y about one step 5 per secoPdT/U42604/020207

full cycle of sequencer 502 is thus conpleted in about

ten seconds. A NOR gate 510 conbi nes sequencer outputs

2, 3, and 4, producing a |ogisg | ow output during
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identical with the trace which was previously shown in Figure 11.

Figure 31 shows an example of a circuit able to generate the

30 waveform of trace 610, or any of a large family of similar ones. As

noted above, signals of this general form, when applied at relatively high

intensities, have been shown to devitalize some microorganisms in vitro

and might thus be useful in the preservation of foodstuffs or beverages,

or in the sterilization of pharmaceutical materials or drinking water.

35 Since it is not intended for direct connection to a human or animal body,
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Resi stors 526, 528 and 530 preferably have val ues of
WQRHA002683 2 negohns, 270,000 ohns, and 27, 000 ®GFE]S2004/020207

respectively, and capacitors 434a and 434b, about

0.01 microfarad and one mcrofarad respectively. 5

Wth this circuit configuratspn and wth these val ues,

durl ng T2 only capacitor 534a is in the circuit and
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buf hext trmtmn to lapic Tifgh, mdyvancinggegeret $23; will be
illustrated in Figure 29, in which trace 538 is the

out put of ge [ 510, 512,
524[%540 gnﬁ%qgl}@g?_h@@cjalt% s gfw?:wﬁ |Ske-nunbered

Z@at es; and trace 546 is the differential output
ST 99krd Rq@tﬁeﬁfaﬁiesoﬁﬂés@staﬁ @35%@ cid %é@ﬁ%@@dﬁlpamtor 638.

cycle Ien ths rin re.s
P SETOTRGF S0 oRimige Jo Tuty Lierdgmiend e g deh will
in p&mratmytebmlweén T2 and T4, corresponding to that

whi ch was shown in Figure 5, is evident. Note that

japart from tm L vl%ré)ahcuafqg%%d s substantially

i denti cal

with sequencer 622 advancing at those times.

Upon sequencer 622's reaching step 10, this output raises one
input of OR gate 642 high, forcing its output also high. This closes
30 switch 640, stopping generator 620 as already described. Since the
- sequencer can then receive no more clock pulses, it remains in this state

until it is reset to step 1 by a logic high at input 624.
Input 624 also feeds gate 642, so that generator 620 remains
disabled as long as the input remains at logic high. Only when input 624
35 returns to logic low will generator 620 begin again to oscillate:
advancing sequencer 622 to step 2 after about 1.792 R C, then to each of



trace in Figure 12. In sonme cases, intermttent rather

than continuous treatnent nmay 35 be desirable. For
wexamese3in the treatnment of mild to noder at e BEA/US2004/026207

may be best to allow the patient to control the

dosage: starting the WO 2005/ 002663 PCT/ US2004/ 020207

55 treat nent upon the press of.,a button, allow ng the

signal to be generated for a“preset period such as 30

or 6&@;? rf#)téves, then turni ng it off until the  patient
pr esS¥stollowipgstens aigaisvalsmf ahwuf ek RAC: watibit iageinzeaches
:j he $tepfl0 zltmiehzhleﬂ.ldawaiﬁng alcthebreserigpat. so that t hg

evice wWo etween ".on:.an
ot per i aeSud Seifiy peRkar G BRR Gt epersgpr 620,
requidve thapilcaperafasnatoa sitiagiently higher direqresnsyethat at least two,
aﬁfemd ngpiaaly @effellaﬂlﬂilﬁsﬂrrec? Ls?&gn%d@ @chikﬁbg(g&is@?ﬁiﬁ&g ®ach step
out p uepgy
app! CE A %zy B Dol PORPITMERAEH FHPERD gy feken from
as myeriing gatesr@sd and 65dbobheeperatingofrequenqyuof g&erator 650
dr |t \é'ﬂ&hgl@aﬂ%&iﬁé cyl nput Iof gat e ?12. Si %nal 552 may
ei t her : i nal e .ou as . shown,. or .
der i ved 1 SOvar O @O e Bisttt 530 esilaiplp poitch 656 which,
& nwhen tNardyane hpks b imer repyedimblesstaid. aSwitcht 656 isfdriven
gat edipdéily b9ldu@ydl ¥ 88qudnB¥EBR 2 s0 Had s hr?:g’t%di during step 10
i b s 2 2108 & ifigs wRRRppegate 512 and 15

requency gener at or to operdte as previously
descri beduippgh4tane 5 aiftseiqnemcar @2 aresgmmbiried by OR gate 660,
i n coryduengdR Qingle t whidR! atIBgic A @fSubRohiOdESs 4 and
55, SOt 8 ek 0 Gh bt T aR e .
out perodsicgak $ingle onipdtemhichida atrldghol High dhzeughow®Gsteps 6
Depegpgbingh gpon the arrangement of counter 550, further

counti ng ~nmay. then di sabl ed so at ere will he
no furt heQufaﬁlfspEtané?i O SoOBRCrE 5 e Gt at gates 660
i s rawk662,ccandra switchesdrp| 664ly, d0te nrde684dtespectively. Each
Rt LON tRRGse rv@He% Ltﬁhic/f:dj on’ ré\ﬂfﬁxes tcﬁfl{éﬁélity@zllﬁedtﬂégistor 666a,
counéqéﬁy a to’cont m*g3 so that Upon the _
atta GiOTRRRE BitASeTigp Sdth the oWt Irors ggimbpat esistors
520 G644, 6féberf§ﬂﬁcem(h@ﬂf6d mdsud&e?]simélgtﬁma\lléﬂ il 3 and are
peri Qg Y r T t ar at
e R e
ar e GPEWIHEUtagy o1\ At i gate 652 dist jaden | ommested;
25 r ccapacitor@3@.r i bed.
The result of this arrangement is shown in Figure 32, where traces
652 and 654 represent the outputs of the like-numbered gates, and traces
668a, 668b and 668c represent the voltage on line 668 under three
different operating conditions and over a few cycles of the carrier
30 frequency: trace 668a with none of resistors 656a through 6564 selected,
trace 668b with a relatively large-valued resistor selected, and trace 668¢
with a relatively smaller-valued resistor selected. :
Each of voltages 668a, 668b and 668c rises or falls abruptly with
each upward or downward transition of gate 654. Diodes 674a and 674b
35 prevent this voltage from significantly exceeding the supply voltage
range. Thereafter, voltage 668 decays toward voltage 652 with a time

erough a



A fifth specific enbodinment of the invention is

designed to 30 produce a nonsinusoi dal, approximtely
wexppepesal | y- decayi ng signal whenever it i s PCT/US2004/020207

triggered by an external source. An idealized curve of

symretri cal exponential decay is shown in Figure 30

by trace 600; note that this5fPeproduces trace 110 in

Figure 5, except that it is shown on a |arger scale.

Trag AP AKIdER b QAphSiEe BP00And ithe selected
i nt eﬁ}%ﬁgt g%ﬂégﬁlg%%g@ 604c, 604d anld) 604e, eartl:h

cont@¥Phg a carrier si gnal with steady li tude _
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ure sent e port
of between y@® f@gﬁh 4f 8113 g‘?la’cfﬁe ‘?§F Pnf‘?IQF héft 68 Supply
pri Ripgbnhed ‘aaloglct higluoutpuantereafiat, as mdicated by traces 680a,
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usegfidet Fidineach otlteriinche Figuret fier psteexevisibilofy.)a The result is a
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pri
may ap@r@mmﬁﬁ yegmoraqangd@c véﬁg) |tgﬁégﬂ.%t remstor Where

1||3r efztﬁj;] Rldlstor ierelﬂiédi@d $hd Zesulflid aacbtﬁlt'liﬂlmisly hew bogibdewdme

en It erva C

it gr val g‘% ?%ﬁ% aﬁ& r?‘é?'bttﬁ ?o?nn%zﬁ'ﬁg}&h}&ge% with voltages

pr ef@&2abhyd @Mertesm@wﬂyan“ee | gensEAinG 2t Hegic low pulse

rlgl jlo%dr}’e% ﬁH rig t-tplﬁﬁlt Gforh e t@%@ﬁ&lur ﬂ:g:gc&ies poadingtlogic-low

" oo TR PYeR PV aBSRSs bY oo TopERlvely: %uﬂ@@\%&ﬂdg}fferabiy

y3\1 at*eudtagesamphﬁed})duemtp@t byblers té%élaaggd, §4 b.othesg; Create a

may &igfe%ﬁﬁbﬁr%ﬁvpﬁﬁ@sltsnas{ ﬁfmézttedml;ehdcag 686ne686isliand 686¢ for

si gn rbitrari

i sga@@r’i eSRFLIVortestsio %%eé %ﬁ%%sy‘g‘% g% F?eaﬁh%%aémma@ﬂ ly offset

whi cﬁoﬂﬁm}lsotbmpuné‘mﬁlglurq/ orztwttmrwlh it¥npl i t ude

fol | ow nq:)ﬁﬁg RUGHEEE StERES v odiicrator E3D ishtiwsbled, resistor

si gn ccor rin

R R ) e

usi ngndruémbin et bppedite bigie dévedgearst itscantpe ge@@ates a constant

| ndi @g@ ﬂléﬁ/ wth'iﬁfﬁ; a[%?}ed ﬁ{réﬁgh ¢d Boiheugpuls s®tiat the differential
0

prac ‘1’1‘9 or di ng the principles of the
" v eHpltage betVaRm tBRTLRIZTE by ec
Step 10 of sequencer 622 represents interval T1 of the primary

30 cycle, when the sequencer is halted with generator 650 also turned off
and with zero differential output.

_ Tn step 1, either with line 624 high or until the first transition of
gate 632's output after line 624 goes low again, generator 650 runs but
no resistor is selected. Hence, the voltage on line 668 (trace 668a) is

35 essentially the same as that coming from the output of gaie 654 and the
differential output is at maximum duty cycle: a square wave at the carrier



25 voltage or current levels are used but the

effective anplitude is decreased by changing the tine
Woapa0yedhi ps of these levels within the sec®daise004/020207

cycle, again as indicated by trace 602. Note that

trace 610 is identical with the trace which was

previously shown in Figure 1160 Fi gure 31 shows an

exanple of a circuit able to generate the 30 waveform

of tg, ,gﬁmgr![}foﬁf fifl1 b3 ﬁﬁ; ﬁnﬁjlyn atf‘s}éﬂ){lﬁfu’c voltage or
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phar SRBEL 0 dake Heg @malosf BrccgssiMRlyngevRver puiags:ssali@mate y of
It ifulbh Bbsmeemﬂetfuﬂm I&dxrnwecttm ﬁWﬁaid’eqé@u@eﬁw r@paﬁﬁed by

an 5/ 3 us2 2 7

o bR, oL 0028 o CHOUSRI R0, bl i
bat t@mamentiek decayh ﬂlrpngbazroggeseﬁmahmwsn typgyalee In each
el ecgdses therks Rcbhdigérelr @Q?ﬁﬁ@ YOig@ﬂi@ @@Eﬁfv&@ﬂd ¢ negative

SR e i s PGl e

i npuportions odAimevspent atszaro rxmitalgy: qrectmfatt |’Ja'gasc sequencer steps

f or @xsiepl eorhyinationeshes oepresént TenEyAtler ab®@ g of ahe fprxmary
t he er11eral form previously described, consisting o

i nve %"tq%ft es 630 and_632, resistors 634 and 636
and cap ingasiep it thei saqaiecemratiens to stept L (d20,and the

whencydle Reidl Bibn ?éﬁé&?q’és%lfiQFBHerdcélﬁ’@tdfo&&hef %‘sﬁiﬁ gulse at

634 And i {
Thi sl%l??HF &% hdhec RTINS wila ke bs reBiere Ppdic §b desired,
al sosihipdi bysapplyingt perapdicaipispssal pBlS&SBZEﬂIG Hipuy, separated by

di sciiegert Wriglr URAS dife TRk oy rmé hEQHGr 630 INAWRRively, the

2" IS Tors: Pe Biied RSO TN AR GG 7 PrQTRI B of Process

i teaiditions,ngudb ak nther cairsch elaeendnt sohaxvessel or volume of
tranghidiiSo b‘é‘%féé J@et\a%ﬁl eerléctr%des is attaHned

charact e‘r{mtl CE nt erva h f

openi ng B smdimsnis,gh far dgsgioe diverpy tisger: sequencers

hi ghonlgdwantieng ragannagcld? 2withi 1dll heeddd %c(dmﬂ(aiy ttervals

I n(

by ol BN Bl .
e?lé b rSDESHIG b aiEent o0 e ARYETHIM, ¢ FBg: m)nEl%e 33,

I oglﬂlulstrgtesmkﬂd use of a mulustep secondary cycle and sequencer in
generating oufputs like those of the preceding embodiment, but with
greater consistency and precision.

A primary frequency generator 620 and secondary frequency

30 generator 650 are identical with like-numbered components in the
previous embodiment and function in the same way, save that here
generator 650 operates at ten times the desired carrier frequency. For
simplicity, these generators are shown in Figure 33 only in outline. A
primary sequencer 622 and OR gates 642, 660 and 662 are also identical

35  with like-numbered components in the previous embodiment, except that
here gate 662 combines the signals only from steps 6 through 9. Apart



occur at intervals of 25 TT2 =2 In(3) RC 2.197 RC

W th sequencer 622 advancing at those tines. Upon
Waanpies 622' s reaching step 10, this out put PCIVES2804/020207

one input of OR gate 642 high, forcing its output

al so high. This closes 30 switch 640, stopping

generator 620 as already descéi bed. Since the

sequencer can then receive no nore clock pul ses, it

" ety IR of z?%@ﬁﬁectiﬂﬁt tq ghte segz i ﬁhg&@ 20fEsgp 30 of the
642 Vyferiel Sogiates BesDbzbin Gdraseding samosamest.] ong

as the i dpetoutpubofigemaratordiso, hiogheveQow whewides I@Ltﬂock input
624 to32 ﬁ@ﬁéé&”ﬁ)()t ‘%Vllue I16cd QOMLLLr 2019 @é@ég&é% fc)é' %ycle of

§gal n to 0 |l af vanch sequencer
_ Sicpo2 SeaBENSHeAUD's SaEdt” GRPVDi® oDdedeand not
PCT/Sbsmm/thE(Eigﬁre 58 the follow ng st eps at intervals

of about S

and hal t %%se&a%ﬁ oF stlielcok 600RR, 18 DUPuts yfnfpatiencer 700
fredd %ﬁ&’yﬂ@%ﬁ% t&R@EﬁSI to yipldimers complexyongputsor Gate 702
620 comtrnes ohipuis 1 anded gleddingta sigasl Fitdi @EO%’dﬁt E‘ﬁj]e while
i e%ﬁim %ﬁﬁbﬁ%s o3t 40, 9 Fnd3B, kRl Gighgl Bhfh a 40%

secondary ¢ es ’5¢
seq gyclgpbot a‘-ﬁd"‘ﬂ?ﬁ‘aﬁ eceATpEE freAtensy ueplifth theefrequency of

]E ?g@aném ?5@1)ve8tgm@ mt@&nfgﬁ?cﬁgﬁicarél'igr € R8RS D2 by
S SRS gLl G AR oo

656 ¥R FEspeqly Wvelbien tur ned on, halts it in a
15epr oducAbllkirét @Re . gabi 108 c@'ﬁ@mhés (Hli #2 1dizeqtly £y 5 of

t f 22 hal’t et
dur ER! et fﬁ’qui&%%?’&ng Sedf ot Shg qYixeSyclengt b rgarier
T1. ‘@Sﬁlﬁlﬂi‘f% GR403 7Bfpackgge abeadp A lades aumiba gate, pyoducing
OR gutatps!'Copf' o(i'@amygoa“} gkl 19@1’0@#!@]1%@31 iI§ c@fnbmmg a

L‘J?Bﬁifgh%’" of Sh B 1g"oBhS imllaner aoiyteerhics St 708 is

Bro8at $ 1B |ﬂii@ F@H@tqmdt onifyi lmhomtpuahnb ag ﬂabeﬂledg,h If a different

t hr qu@h@ﬂint&gﬁb@d @mhﬁn@w%dh% ogﬂ Eétgn%ng fg'?@ Eg)e 708 ma
seq the, out puts o 8 § 6 y
con#ig&f&)rbg ﬁ%‘ie%@ Fil MB64b, 664c and 664d

respect | Vigngls E¥RH0R006h, 706k end oSy répresetimnthe outputs of

SW i Tdge-Ausibet@d gies VAL UREWFR! SEdW aBRRR the top of Figure 34.
25 AND gate 710 combines the signal from gate 662, representing
steps 6 through 9 of sequencer 622, with the signal from gate 702,
representing a 20% duty cycle. Similarly, AND gate 712 combines the
signal from gate 660, representing steps 4 and 5, with that from gate 704,
representing a 40% duty cycle; AND gate 714 combines the signal
30  directly from step 3 with that from gate 706b, representing a 60% duty
cycle; and AND gate 716 combines the signal directly from step 2 with
that from gate 706a, representing an 80% duty cycle.
Note that the signal from step 1 of sequencer 622, carried on line
718, is always on, representing a 100% duty cycle, throughout step 1.
35 OR gate 720 then combines the signal on line 718 with those from
AND gates 710, 712, 714 and 716. The resulting signal is a rectangular




666b, 666C or 666d into series with the output from

ate 652. Resistors 666a, 666b, 666c and 666d are
Wg&@@é‘%‘iﬁéel y smaller in value, and are connedi(E@US2004020207
common | ine 668, to which the output of gate 654

(conpl enentary to that of gate 652) is al so connected
through a 25 capacitor 670. ghe result of this
arrangenent is shown in Figure 32, where traces 652

and SR I SPLAReNh. 34 d ered Ss,with the
oat o g b GE dhe Sbalt SBMEn e WIE MU g e

cond( T3 w8% md stepe3 (B4, %y lseepsof ahtdhS () bad 23% in steps 6
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t hr ol iRE 3P GG AROLERT k) S4B i€ pBPsqnected to

| &r ggat@aﬁﬁx%,dhﬁegammpumt@m isapnnttauesl y6 B8 dumwtlns step

r el a{Tygkypresaitirgy a datyuertle efzstr sel ected. Each of

voltages n 8c e r y

Wi th eac‘ﬁgcﬁ?emrglg%gpﬁdgb '\%a Saé]? élaz%}g)’t ?%E{aéfd %B? e {f a square

- D odmvemahandrr&?%eqlwcm wﬂrmlatmgnals’]%mlwg&t fwisenthis speed.
- Si gniasi LARLILY 0B Eﬁ?&' 61951 BUPRAINs M’chhﬁgﬁcﬁ ﬁﬂ%gcle of signal

107 78 e mbileghBausheer BSoBE3b50P Y 50 const ant

det er m nelhvieytet HB 4y alakiey sigrebpHiS tasr it§ 7i@pahdetehtes a second,

sel eﬁéﬁierﬁ Q%uaré@%&ahfg}p@% %%ghzﬁ FORAS $§w, and }ow when
| t 4 5
U hdeRgsieRy #??5 EHSTTEPh DGR CAmBIRGY SEDRIS 8 450 120 8 that its
aboubutpait focayiskeofipalses od theppne lenptlmges in siggiat 28dbut only
gy haﬁhﬁg%e S}aos éﬁ&&“ da)cnaeo ﬁﬂeﬂ ﬁ@usﬁnﬁ% 1y, 3B gate 732
en 4 ron

at e eac
hal f € iResayghals Qtaé,}d LHs ogiyiteonsists of pulses of the

di f f saraadengthetnde migrol ﬂ&@gebuﬁSﬂl}addnﬁg 8he aopatinge ha$sycle of

t hang %ﬁlﬁk ")th #Wp&lﬁ@?@é égte% ar?ri‘%% thgggﬁe one from
ggtoggﬁ‘ﬁd %h@@erfé%rﬁ@m vé yamshe S ga ®ﬁ§ 6%9611

p@si st or, Apptibdvad ubdfferse iStaoran@ndb34by viedseedignals create a
oS! it Al ety dEGRR Y e

er Vvisi
"The pabgdimest, appr@gn@tmngb@m@mh@ AecayHig sieceave signal

the tlavuphkra plediisneftimehssodsengithining reqpngulartavey having
pr opeﬁéafg&%b{ ggclsﬂg e Bl htE B A R e aming s

36 nt Aludigial, 1 lé\mmgac&uraév énd reprogicedesg2a and 682b
then conpalienidkladd®e p8MtivhsHipy dhdeBe 8xpressed more concisely by

writing Boolean expressions for the various signals:

Al=T7 A2=T3 A3=T4 Al10=Tj
30 660 =A4+AS5= :
662 =A6+A7+A8+A9=Tg
702 =B1 + B6 = 1000010000
704 =B4+B5+B9+B10=0001100011
706a=702=B1+B6=0111101111
- 35 - 706b=704=B4+B5+BoLB10=1110011100
708=B1+B2+ B3+ B4+ B5=1111100000



652 and 654 respectively, each generating a |logic |ow

Bul se corresponding to that fromgate 680 during the
We3PEYsadi ng | ogic-1ow hal f cycle of vol t age@BRS2004/020207

654, respectively. Buffered (and preferably 20

vol tage-anplified) by output buffers 684a and 684b,

these create a differential ogput 686 as indicated

by traces 686a, 686b and 686c for the respective

. . Ui aht |
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650 | [ .52 ' ,
Che 1o 2 1 gt e S PR B

remai n at _opposi te | ogi s, and its output
géner at es 7a4coAStaRk06b FodB x HEBZ ssed
t hrough to bot# Tk pliEd 10hat the differenti al

~voltage b 2eR At i S (O 10.0of er. 622
repr egent %Bﬁfﬁrzv;gl?%r% "(f%flxho@'%%r? T%.’s"f)aiggf U hen
t he sequeﬁégr: Fdilred 2w 1hl1hkhkkldt or 650 al so t ur ned
bt her i E"’%"Fﬁzﬁ“‘ﬁh‘ﬁf@*@"’wﬁWﬁtﬁg@“t' rson b
tqpansiti on of '—§g?§(% 0@99?316 Eﬁlﬁhiﬁbm goes
| ow agai n, gen&l48ar0BE00UAS ) HfT4 xd 14661 51@0) i s
e 55 coseptlably toe ‘Wéyﬁh“;”tﬁ”%%ﬁ?ﬁ%‘%?‘?%‘&et e
‘out put of ‘gafe 654 i P0BORbLk1L s at
' rrax!orm m dé@ {4} 5:708 = (linr0ANO0800) e Toax Eﬂ £1108D00)
2905/ 002663 PGI(PH2APKY1020800) + fi?‘ﬂ;@@@ooq)“””i ng
fromfull positi t (| ative vol't age or
current. :]I'gés ig?%%ﬁ%@ﬂﬁ@??(mgﬁ?ﬁ 85@@%})i,rrgry
cycle. 1n/step/)xgvep Gl'1 3t090000060d) & (Tooe00@001 1Nd)
fesistor val Sf““’%Om@@“@?)ﬁ;‘é?ﬁ%g%@”@ utput to
take the for m%@é&c@ggﬁbg pi‘ig 669\@9 (1 CR00) ,
Aternately of full positive and full negative output
vol t , - o) uccessi vely | onger
perio st%g dgg‘{rgﬁtgélt%"ﬂﬁgﬁF ﬁéﬁ%ﬁ?ﬁ%}%xi mat i ngy )
exponential decay through progressive changes in duty
~cycle. I'n eacH8cd3e;- 7Bhe (8] yrat—(-condider ed™d¥, pahrs
of one positive and+&RexAeyative H04pli e gach)

Iepeats at the carri@{Tsf){_eg,uench b,u(tZTév;@}th succgssi vely
greater portions of tine spent gt ero voI‘tag or

curregt@. These sequencer st eges or step conbi nations
- t husW edenteprssemnts) thsBanteatic QR bherapor, Ny represents the

Boolean AND operator, strkethrough represents logical inversion (the
Boolean NOT operator), Al through A10 are the steps of primary

30 sequencer 622, Bl through B10 are the steps of secondary sequencer
700, Ty through T¢ are the primary timing intervals, "1" represents a
logic high, "0" represents a logic low, “ and “,” indicate differential

- voltages or currents of opposite polarities, “~” indicates zero differential
voltage or current, and a series of ten symbols from the set W 2 and

35 ", represents the secondary cycle under various conditions. The final
expression for signal 686 thus clearly shows the decreasing duty cycle



cycle. Following step 9, the sequencer returns to step

10 (Ti) and the 15 cycle will then repeat itself upon
WPSREYEo6dt anot her positive pulse at input 62CT/U$R804/020207

resulting cycle may be rendered periodic, if desired,

sinmply by appl ying periodicallz-spaced pul ses to the

i nput, separated by interval $4 onger than nine cycles

of generator 620. Alternatively, the cycle my be
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this board and the battery. Such a housing is preferably made from
molded plastic or a similar material, preferably with a pocket clip or

30  other means for convenient mounting to a bandage, cast, wrist or other
band, article of clothing, container of conductive liquid, or the like.
More preferably, the housing is no larger than necessary to hold the
described devices and the circuit board or boards which bear them. For
typical implementations such as the first four specific embodiments

35 described, suitable housings need be no larger than approximately 5 cm
X 6 cm x 2 cm (about 2.0" x 2.5" x 0.75") or thereabouts, and in some
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applications, said electrical signal comprising: (a) at least four relatively
longer primary timing intervals T1, T2, T3, T4 and others if present,
forming in succession a repeating primary cycle, said primary cycle

30 having a frequency; (b) at least two relatively shorter secondary timing
mtervals tl, t2 and so forth, into which at least one of said primary
~timing intervals is divided and which form in succession a repeating
secondary cycle throughout its length, said secondary cycle having a
frequency, said frequency lying below 200 kHz; while at least one other

35 of said primary timing intervals is not so divided; (c) a plurality of
substantially constant voltage or current levels L1, L2 and so forth; (d)
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In an additionally preferred embodiment, the present invention
comprises an apparatus for generating an electrical signal comprising:
means for generating primary timing intervals and secondary timing
intervals into which at least one primary timing interval is divided, said

35 primary timing intervals forming a charge balanced primary cycle.
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20 The present invention is also effective in preventing or retarding muscle
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also useful in regenerating damaged nerves.

The present invention is especially useful in increasing the
survival of skin grafts and hair plugs. The present invention is effective

25 in improving the incorporation of synthetic implants such as bone
powder and prostheses such as artificial joints (e.g., knees and hips).
The present invention is useful in treating sprained ankles, torn knee
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The present invention can be wused transcranially to relieve
insomnia, depression, anxiety and to promote relaxation and mental
alertness.

The present invention is useful in promoting angiogenesis

35 including, but not limited to, increasing local blood circulation,
increasing blood flow to areas of traumatic injury, increasing blood ﬂow
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venous thrombosis, acceleration of healing of traumatic wounds,
acceleration of healing of surgical incisions, acceleration of healing of
30 burns acceleration of healing of chronic wounds (diabetic, venous,
arterial and decubitus ulcers), acceleration of healing of strained or torn
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acceleration of healing of torn muscle tissue, prevention or retardation of
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and acceleration of regeneration of damaged nerves.
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The present invention may also be used to retard blood and other
bioproduct deterioration on storage, devitalize selected pathogens in the
human or animal body, devitalize selected pathogens in isolated tissue or

35 cell culivres, devitalize selected pathogens in blood and other
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scheduled for two mghts in the hospital but was released approximately
30 24 hours following the surgery. Before release the patient was fitted with
: a cast walker boot for protection along with cruiches and advised that he
was to be non-weight bearing on the injured leg. A one week follow-up
appointment was made with the surgeon. The patient returned home to
rest. He was given Percocet pain rehevers for pain management, taking

35 them every four hours.
By February 7th the patient was experiencing an increase in pain
and an elevated temperature. The surgeon prompied treatment with



further selecting one or nore of said primary

intervals, said intervals being not so divided, as
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of substantial charge bal ance throughout the course of

any 30 one repetition of said primary cycle. In an

additional |y preferred enmbodibent, the present
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| nCiRRséNGal WReks then regressed to one to two times a week up through
- week eight. After that point, treatment was not needed for pain
reduction. :

30 - On March 9 the patient returned to the doctor for a six week
follow-up. New X-rays revealed all bones were in position and
significant healing occurred. At that point the surgeon estimated healing

- to be two to three weeks ahead of schedule and allowed the patient to
start very limited partial weight bearing. A follow-up visit was

35 scheduled for ten weeks post-op. The patient continued to follow the
treatment regimen established earlier. Weight bearing was limited to



survival of skin grafts and hair plugs. The present
invention is effective 25 in inproving the

WORREYA90%8t i on of synthetic inplants such as bd®REUS2004/020207
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knees and hips). The present invention is useful in
treating sprained ankles, torf/@ knee |iganents,
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rec times per day, as done originally. At the four week follow-up the
screw holes were virtually filled in, the soreness and swelling were gone

and the patient was released from care. '

30 EXAMPLE 2
Bioelectrical Stimulation of Fractured Bone in Animal
An injured German-Shepherd mix was successfully treated
- through bioelectrical stimulation wsing the waveform substantially as
shown in Figure 6 as detailed below.
35 It was found that a bullet had struck the dog in her right front
femur and shattered its middle section into many small pieces. The bullet



20 postsurgical pain, reduction of pain resulting from

nerve irritation (hyperal gesia), reduction of pain
WPS05/9026fF f r om di abeti ¢ neuropathy, reducti onPGFUBA4020207

resulting frommuscle spasm reduction of pain

resulting fromtrapped or conpressed nerves, reduction

of requirenent for pain reli7af drugs, reduction of

swel l'ing, acceleration of resolution of 25
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may' al so e weadd$ overt fdeamaluoicvisibde debris using soap and water,
but no antibiotics or disinfectants were used. Treatment was for about
eight hours at a time, during sleep.
After the first night all of the wounds were scabbed over, the areas
30  around them swollen and painful to the touch, but the treated one was
noticeably worse than the others. (It is impossible to say whether this
~ resulted in part from the action of MedRelief™, or simply from that
wound’s having been more severe in the first place.) The pain and
sensitivity of the treated area gradually lessened through the day, though,
35 and by evening the three wounds all seemed about the same. The

treatment was repeated in the same way for a second night.




15 treatnment of tendonitis, nodul ate |ocal immune
system response, nodulate system c i mune system
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(e.g. rheumatoid arthritis) and adjunctive treatnent

of cancer. The present invention may further be used

to treat plantar fasciitis, 2P sprained ankles, torn

knee |iganents, sciatica, teat back nuscle spasm

treat to rotgtor cuff, treat tennis el bow, treat,
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The subject of this study suffered a strained knee ligament, which
has since been subject to re-injury, with approximately the same
progression of symptoms each time. Following each re-injury the knee

30 becomes progressively more stiff, inflamed and painful over the course
of two to three days, and then gradually seems to heal, with some pain
persisting for about two more weeks.

After the most recent injury, the MedRelief™ device was applied.
More specifically, the novel waveform of the present invention as

35 substantially as shown in Figure 6 was applied through the use of
electrodes placed on the skin. A single overnight treatment during sleep



an el ectrostinul ator as descri bed above for generating
an electrical signal that is substantially as shown

WOR0EY W68 6. 15 EXAMPLE 1 Bioel ectrical Sti nmulBQT/ 5209020207

Fractured Bones A 50 year old male was injured in a
notorcycl e accident that resulted in spiral fractures
of his tibia and fibula. The i bia was fractured
approxi mately 3" above the article while the fibula
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eval uation in the energency room confirned the double
fractures. It was determ ned that surgery to correct
the problem woul d be required. An appointnent was set
for the followng norning with the orthopedi c surgeon.
Surgery 25 was schedul ed and performed the afternoon
of February 4. A sterile steel nail was inserted down
the shaft of the tibia running the full length of the
bone. Two screws secured the nail at the top of the
tibia while three screws secured it at the ankle. The
patient was originally scheduled for two nights in
the hospital but was rel eased approxi mately 30 24
hours followi ng the surgery. Before rel ease the
patient was fitted with a cast wal ker boot for
protection along with crutches and advi sed that he

was to be non-weight bearing on the injured |l eg. A one
week followup appointnent was nade with the surgeon
The patient returned hone to rest. He was given
Percocet pain relievers for pain managenent, taking

35 them every four hours. By February 7th the patient
was experiencing an increase in pain and an el evated
tenperature. The surgeon pronpted treatnent with WO
2005/ 002663 PCT/ US2004/ 020207 71 antibiotics for
probabl e injection. Wthin 24 hours of the start of
antibiotics there was a decrease in the pain |l evel as
well as a return to normal body tenperature. February
11 was the one week follow up appointnment with the 5
surgeon. X-ray showed that the bone alignnent was good
and everything was properly aligned and in position.
The patient was advised at that tinme that he would
have to remai n non-wei ght bearing on the leg for 10 -



12 weeks. Application of the novel waveform of the

gresent i nvention (substantially as shown in Figure 6
WQARMSH8E3 at ed by an 10 el ectrostinul ator), bed&A/E2004/020207

February 12. The el ectrodes were placed on each side

(lateral and nedial) of the leg at the point of

fracture on the tibia. The Uit was used in one hour

periods, three times a day. schedul ed was established

with the first treatnment gtashjPpgea 8 AM the second

at 2 PMand the,third.treatnent, at.8 PM . Thi s
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'S (s:}lf%g]toms returned that evening though, so the subject resumed
nightly treatment again during sleep. After two more such treatments he
30  was pain-free, and remained so without any further treatment.
The subject injured the hand again five months later, with all
symptoms just as before. This time, though, the subject used
‘MedRelief™ the first night after the pain appeared, and halfway through
the following day the pain was gone again. That time, it did not retum;
35 one night was enough.




intake. 5 June 3 was the last visit with the surgeon.

The patient was seventeen weeks post-op at this
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poi nt. The surgeon's reaction was that the patient had

heal ed as qui ckly as anyone he had seen and nuch

faster than he expected for @ 50 year old man. The
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- 25 The subject continued MedRelief™ treatment for two more days,

twenty-four hours a day. By the end of that time her wrist was

completely normal again, and since then she has had no more trouble
with it. :

30 EXAMPLE 7
Bioelectrical Stimulation for Alleviation of Pain
and Swelling from Reinjury of Damaged Knee Ligaments
About thirty years ago, the subject of this study suffered severe
knee ligament injuries in an automobile accident, including complete
35 severing of the medial ligament. Since then, the knee has been very
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EXAMPLE 9

Bioelectrical Stimulation for Alleviation of

Pain from Torn Anterior Cruciate Ligament
30 The patient was using an unfamiliar exercise machine at a health
club when she felt sudden pain in the front of one knee. The pain grew
-steadily worse through the following several weeks, exacerbated by her
job conditions (she is a hospital nurse) which required long periods of
standing and much walking around. “It got so bad that it was hard to

35 sleep because of it.” The pain was diagnosed as resulting mainly from a
torn anterior cruciate ligament.



treatment was repeated in the same way for a second
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and were surrounded by inflammation. Surprisingly,

t hough, the treated wound was now pai nl ess, very

noticeably less inflaned than7@he others, and after a

few hours of drying the scab began to fl ake off,
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30" EXAMPLE 11
. Bioelectrical Stimulation for Alleviation of Pain
Jrom Abscessed Tooth
On a Friday the patient experienced a severe toothache from a
tooth in the upper left side of his mouth, but quickly discovered it was
- 35 too late to get to a dentist before the coming Monday.



More specifically, the novel waveform of the present

i nvention as 35 substantially as shown in Figure 6
WRL0HWBBed t hrough the use of el ectrodes pl adkEl/B§R004/020207
- the skin. A single overnight treatnment during sleep WO

2005/ 002663 PCT/ US2004/ 020207 75 took away nost of

the pain and stiffness, and bggnoon after a second

overni ght treatnment, the knee vvas entirely pain-free.
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EXAMPLE 13
In Vitro Evaluation of Bioelectrical Signals
| The purpose of the following study is to evaluate the influence of
30  the novel bioelecirical signals described herein on cartilage tissue.

Description

Cartilage explants were prepared from fresh pig knee joints

obtained from a commercial slaughterhouse. Cartilage tissne was

35 removed from the joint using standard dissection methods. Several
studies have demonstrated that such tissues retain consistent biological -
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evenlng t hough, so the subject resunmed nightly
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25 metabolism, and the latter two variables are measures of inflammation.

Design:

NCart was placed in each well of the six well system described
above and treated with a MedRelief™ device with output current
30 . reduced, using external resistors, to establish a current density in the
- treated tissue of about 5 to 7 microamperes per square centimeter.
- Treatment was for 2 hours twice each day for 2 days. The control for
this experiment was the same test configuration, but the MedRelief

. device was tumned off.

35 In a similar manner, the experiment for NCart was repeated for
DCart.



al so much reduced. As a result, she was able to

adm ni ster three. nassages that day. 25 The subj ect
WOMTYWEES MedRel i efrM treatment for two nore RGAYS2004/020207

twenty-four hours a day. By the end of that tine her

wist was conpletely normal afal n, and since then she

has had no nore trouble with8 30 EXAMPLE 7

Bi oel ectrical Stinmulation for Alleviation of Pain and

Swel ling from Reinjury of Damaged Knee Liganments About

thirty years ago, the subject of this study suffered

severe knee |iganent injuyrli an aut onobil e

acci dent, including conpl gﬁ%@e&ﬂerl ng of the
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he AL é‘,hfgi 8&?8?’“@% aPpl@pnate mlcal care yet give ®minimal

disruption to the healing wound site. _

Wounds (8 per animal) are placed so that the centerline between

, square-shaped wounds is about 5 inches apart from top to bottom and
about 4 inches apart from side to side. A template is created to assure
25  that wound location is uniform.

The study endpoints are 10 and 21 days. At the sacrifice
endpoints, two large excisional tissue samples made completely through
each wound will be collected for histological processing. It would not
be safe for the animal to conduct these tissue harvests at 10 days and

30 then have the animal survive for an additional i1 days; therefore, four
original full-thickness wounds are created on day 1 and four wounds will
be created on day 11, so that the animal will be sacrificed at 21 days and
contain wound repairs lasting for both 10 and 21 days. Several
histomorphometric and immunological staining tests will be performed

35 -on these tissue samples.



front, 2" beneath the patella. Wthin a few mnutes he
reported a decrease in pain, and stated, "After 45
Wﬂﬂﬁ%ﬁ’@%ﬁ@ felt no pain. For a week after usi M{T/ES2004/020207
there was al nost no pain, and now, after 2 weeks, it
is still 25 inproved over ny normal state." EXAMPLE 9
Bi oel ectrical Stinmulation fo3Alleviation of Pain
from Torn Anterior Cruciate Liganment 30 The patient
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awoke th nor ni (55:ﬁa pal
he dallewing depice's H@S 4 fﬁHBF%'WP ¥39&" st andar d
0- 10 scal¥1 = intensity setting low (= 5-9 mv/cm) - duration 15 minutes

25 for each freatment
: - TX2 = intensity setting low (= 5-9 mv/cm) - duration 60 minutes
for each treatment
TX3 = intensity setting low plus resistor (= 1-3 mv/cm) - duration
15 minutes for each treatment
30
’ During the surgical creation of the wound, two trial electrodes are
placed on the outside of the two wounds on a row, so that the delivered
current (mv/cm) can be measured. This provides confidence that the
treatment bioelectrical currents delivered are as anticipated. No further
35 current testing will be conducted during the healing process because it
would disrupt the process.



20 Unfortunately, it was the Saturday of a |ong

weekend and the <chiropractor's office was cl osed, not
WORWHWR®A until the foll owing Tuesday. The pardEU$2004/020207

tried a MedReliefrMunit, placing el ectrodes for

generating the waveform substantially as shown in

Figure 6, and 25 continued tgf#atnment throughout that

day and the two days followi ng. He reported, "I could

still feel the pain, but the treatnent took it down

from 10 to 2 or 3, so | could get through the weekend

until | could see the chiropractor again." 30 EXAMPLE

11 Bioel ectrical Stinulat iEﬁAMPLE\HBeVi ation of Pain

from Abscessed Toot h ﬁg%l ent

peri en a sever t@ gﬁiach rom% ooth in the

pper | ef esringgogq: i eWIng sudy s ér oy abiate Shemdlirence of
it vihe n@&l thioeleatiicdl osigailst desarittedt hebind 6604 Qnidlgnaﬁ radius
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The patient tr eliefrM placing an el ectrode
just to the left of his nose and a second el ectrode

unddBequatqoazw just to the left of the w ndpipe.

A St B R bl o
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1§uf fradied Wil hé#ll nethirally BadinBiie WA
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ay, pai nf ul tooth was found to be abscessed.

EXAMPLE Theppusgsiteetizeds saxperinmmitalt rabvbifso (NARDP hiatei tre radius
of wapsgedDang a 15 cHUfga oc@ﬁ&gte glgltvgfl'\@édl &éﬁ%wn% IR The
oxporrindring ¥ Blehelahd G HaRREpted i Rlags: nibpropwiate pain
20he TR PAIOHE woVidadal t unnel , and after over the
counter gaiftadheléty e BeHBR, onédhcﬂl%h%d LRERBEES | Ife  placed
- diametrically opposed at the wound site such that one electrode is
anterior and one posterior across the bone diameter. On a weekly basis,
X-rays are taken to observe general rate of healing. On sacrifice, each
25 forelimb is evaluated by Faxitron imaging and biomechanical testing to
failure in torsion. The electrodes are placed on both forelimbs twice
each day during the post-operative study period. The rabbits are placed
in bunny restraints and not anesthetized each time. _
We anticipate significant bone fracture healing may be present in
30  the treated animals at 4 to 6 weeks post-surgery. There are two
treatments (TXs) studied. For each TX, if the X-rays for 6 or more
active treated animals show significant bony bridging and callus
formation, then that TX may be stopped as early as 4 or 5 weeks. In any
event, the animals in both TXs are sacrificed at 6 weeks at the latest.
35



she used the invention as described herein. She wore

the MedReliefi'M 20 unit (enabling the application of
WORBOSA¥SE or m substantial ly as shown in Fi gur @@YysS2604/020207

her right wist continuously for two days and then

reported: "The pain began to go away within an hour of

use and | only continued to 8ear the unit to make

sure all inflammtion was conpletely healed. | have

not Lbagg,any pain in my wist in over six nonths." 25
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Objective
The purpose of this study is te evaluate the effects the test device
on wound healing in the pig.
This study. involves the use of Landrace-Duroc cross (farm pig)
30  obtained from Bailey Terra Nova, Schoolcraft, Michigan. The test
- animals are at least 10 weeks of age at arrival and weigh approximately
25 to 35 kg at study initiation. Animals selected for this study are as
uniform in age and weight as possible. After a physical examination is
conducted to select suitable animals for assignment to study, the animals
35 arerandomized into treatment groups using a simple randomization.
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appropriate pain relief post-surgery. Al wounds are
Preparation of Animals

PreoperativeProcedures
20 Animals are fasted overnight the day prior to surgery. On the
day of surgery, general anesthesia is induced using the drugs listed in
Table 1. Telazol or a ketamine/xylazine cocktail may be used to
induce anesthesia, the sedative used is documented. Anesthesia is
maintained using a semi-closed circuit of isoflurane. Assisted
25  ventilation will be accomplished with a ventilator.

jw'_"l-‘./)

Surgical Procedures
On Day 0, the surgical site on the dorsal right side is prepared
by clipping the hair and cleansing the site with iodine scrub
30 alternating with 70% isopropyl alcohol and painting with iodine
solution. Lactated Ringer’s Solution is infused during surgery via a
catheter, '



filled with hydrogel and covered with a Tegaderm

dressin Addi tional protective nmaterials are applied
WP2005092688t wounds and keep them clean. Wound PCT/US2004/020207

dressings are changed daily. Care is used to assure a

gentl e 20 wound cleaning to provide appropriate

clinical care, yet give mnimdl di sruption to the

heal i ng wound site. Wunds (8 per aninal) are placed
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paired wounds. The electrodes are placed and the treatment site
stimulated twice a day for 42 days.

Stimulation Level and Duration
30 Group 1 - Low intensity (4-10 mV/cm) for approximately 30
minutes

Group 2 - Low intensity (4-10 mV/cm) for approx1mately 60
mlnutes |



15 Design: (this may change to two TXs) There are

three treatnents (TXs) that can be studied. Each TX is
WPy WE8 o t he ei ght wounds of two pigs. Ther dGES2004/020207

there are 16 wound sites for each TX. Eight (8) of

these sanples are for sacrifice tinme 10 days, and 8

are for sacrifice tine 21 daysg In addition two

control pigs 20 simlarly have 8 wound sites each
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25 - EXAMPLE 17
In Vivo Experimentation for Evaluation of Bioelectrical Stimulation
in Rat Arthritis Model

'The present study involves investigating the effectiveness of a
-novel pulse-burst electric signal substantially as described for

30 example in Figure 6 to treat swelling, dysfunction and pain in a rat
model of arthritis.

Arthritis is induced in one ankle joint of a rat using the
approach described by Coderre TJ, and Wall PD. (Ankle joint
arthritis in rats: an alternative animal model of arthritis to that

35 produced by Freund's adjuvant. Pain 1987; 28: 379-393: aitached).
Animals are placed in a plastic chamber and anesthetized with



15 radius will heal naturally beginning to show signs

of healing in about 6 to 8 weeks. The anestheti zed,
WEALYI0RE%t al rabbits (N=20) have the radius @FHs2604/020207

and a 1 cmgap created with an oscillating bone saw.

The wound site is closed and soft tissue sutured in

pl ace. Appropriate pain 20 n#lication is provided.

Sel f -adherent, flexible, conductive electrodes are
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cagdgs WHBE AL move any electrode residue, and the measurement is
repeated. The rat is then allowed to recover from anesthesia and
returned to its cage until the next stimulation session. Additional
25 measurements (see below) are taken immediately before the first
- stimulation session (6 hours after urate 1nJect10n) and thereafter at 24,
48, and 72 hours after urate injection.
The: following parameters are measured using the technique of
Coderre and Wall:
30 Standing paw pressure
Walking paw pressure
Body weight
Foot withdrawal (50°C water)
Foot manipulation
35 Placing reflex
Ankle diameter



in a soft restraint device. The forelinbs are pulled
through holes in the restraint and the el ectrodes are

WO 200¥¥266Bhe treated |inb receives the 15 sti mRGRUAG04/020207
for either approximately 30 minutes or 120 mi nutes.
The control linb has simlar electrodes placed on the
skin, but is not be stinmulat®d. During the
stinmulation period, aninmals are continuously
restraiAskdefradiogpaglp 120 minutes. This is considered

the | ea Y thod for exposing the animals to
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- for pakeof injected hind limb only briefly touches the floor; 3 = severe
: limp, 3-legged gait. In the event that it is not clear which of the two
20 - categories the rat will fall into, a score between the two categories is
given.

3) Body weights: Increases or decreases in body weight are
assessed over a period of five days in rats with articular injection of
either sodium urate or vehicle, and subcutaneous injections of either

25  sodium urate or vehicle.

(4) Foot withdrawal (heat): The rat is hand-held, with its
nose over the wrist of the experimenter, and the hind paws on the
experimenter’s fingertips. The right and left hind paw are lowered
between the experimenters finger’s and quickly immersed into a

30, beaker of water maintained at 500 C. Time is measured until the rat
flicks its paw out of the water, up to a 12 sec cut-off, Foot-
withdrawal latency scores are based on an average of 2 tests, with a 5
min interval between tests.

(5) Foot-manipulation: Rats are again hand-held and the foot

35 is gently manipulated by the experimenter. Manipulations include

foot flexions and extensions in the normal working range of the ankle



5 duration indicated. The el ectrodes are connected to

the test device and the device 1is set as follows:
WREHS/002G53| se, Mbdul ation - High, and I ntensit PCIASEM4/020207

This setting delivers a pul sed stinulation between 5

and 9 mV/cm Animals in Goup 4 are set upin a

simlar manner except that t®é¢ | eads have an in-1ine

resistor designed to reduce the level of intensity to
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surgery anesthesira is induced using the drugs
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: 2E ong. Th?hisns("tuaj'y % aemgneé lfo test %e utlﬁy 0? 1rnbu1ng osteoblasts
-with bioelectric signals -that enhance bone-specific performance
functions.
Human Osteoblast Cells are obtained from Clonetics (San
Diego, CA) and cultured in alpha-MEM (Gibco/BRL #12561-023)
30 with 1% Pen/Strep (Gibeco/BRL #15140-015) and 10% FBS (Hyclone
#A-1115-L) at 37°C in 5% CO,. Cells are sub-cultured every 3-4
days as follows. Cells are washed twice with 5 ml Hanks balanced
salt solution without Ca™ or Mg"™ (BioWhittaker #10-547F) that has
. been pre-warmed to 37°C. Hanks solution will be aspirated and then 2
35 ml of 0.001% pronase incubated with the cells for 5 minutes at 37°C.
Volume will be brought to 10 ml with pre-warmed alpha-MEM and a



tissue at the center of the square is renoved. The
wounds are not closed, but are filled with a

WOIANIRG6%e hydrogel and covered with Tegader RCIVEE2004/020207
gauze and checked daily for signs of infection. The 10
hydrogel is a product that helps to pronote healing
protect the wounds as well &3 act as a conductive
agent for the stimuli. Follow ng surgery, the aninals
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DNA Measurement .
25 Cellularity of the cultures is determined using a fluorometric
- DNA assay. Briefly, cells are removed from the cultures at day 7, 14,
or 21, washed with double distilled H,0, and homogenized in 1.4 mL
of cold 10 mM EDTA, pH 12.3. The homegates are sonicated for 10
~ minutes in an ice bath, incubated for 20 minutes at 37° and returned to
30 an ice bath. A volume of 200 ul of 1 M KH,PO, is added to
neutralize the pH. DNA standards are prepared from stock DNA
solutions containing highly polymerized calf thymus DNA (type I,
Sigma) at a conceniration of 50 pg/mL. A volume of 200 pL of the
standard or the homogenized sample is mixed with 1.3 mL of a 200
35 ng/mL Hoechst 33258-dye (Polysciences, Warrington, PA) in a 100
mM . NaCl and 10 mM Tris buffer solution. The fluorescence



This is considered the |east invasive nethod for
exposing the animals to the stinulation. 10

WOEHIR®s eval uat ed i ncl ude: | eukocyte count ROISISED04/620207
and differential), erythrocyte count, henogl obin,
hemat ocrit, mean corpuscul ar henogl obi n, nean
corpuscul ar vol une, nean corguscul ar henogl obi n
concentration (cal cul ated), absolute and percent

t
;it‘%@é{ﬁ’éﬁﬁ i W‘%?e?ﬁ o A prciBidh bt T2 508
par& p@@sge@%mr&ir@@ PHLTWEFQ@ al kal i ne phosphat ase,
.total bilirubin (with, direct bilirubin if total

b| l‘lr%fbb&aa% fggceeds 1 ng/dL), aspartate

rase, .al anine _am notransferas
5g| ut amy | APr agtEvist 48 aneawmsd t With aeRgaNRRIem éfea\ﬁg@le kit
ni t(ADRNLO, C&gﬂial TR, istplhédd B ebmirifugs!thbericbntazfing 1 mi

oy A S R ) 09 Yoogerzcd o

el elmmogynais is farthensonieetedsfourh0 Bhmetes dejen icgibathnend a
ag?v%mg?@ gtt@gu AL @ﬁem lelis hdded v.:lo 1tEfﬁmsebf resmtinged
val uat i ation

10y viemgent Bisffed Prcltg b 3@%@%&?% B'mea8ufdd every
i nwmmmtgafqrnﬁ mireutes fasc40y emasusing a HRo%412A Diode array
P B e o b T el Wil e
dys‘l’ﬁ?ﬁg@@ﬁcgﬁ{? tﬁ‘ﬁl‘%ﬂ)% ﬁ 1r)fg't nodel of art hr?t i s.
Arthritis is induced in one ankle joint of a rat using

14 hegf%%g@ﬁgeg%w bed by Coderre TJ, and Wall PD
e Bt Lol hlos Sl 5 At i
adj eotandercidbliynavkiBible 280dB@ich- ﬁﬁﬁmmsmh@[l’ ~48Wnfroed BTI

I
W e@é@éﬁﬂ) L MAAR 2§§3‘? 517%8%’@?5 @3%33‘?2“ i¥highly
ef f3RECE Wﬁ’ieﬁﬂi’-‘ﬁﬁ Bt Mo USRI g, e maior
2%@{1-%]0ﬂagmnemm ‘The esdayr iscosandwict EMSAhﬂIat prgops two
ratg, S Stl 'i'%%d%ﬁr | OﬁEtfﬁHlH E’f‘%@ i9 ifhmid 'ﬁ‘%@ﬁ% the

nOXIO cr r. te

‘theW (ecbnd arabody (40- f@))tlai’é%ﬁmy bt o he geay is

rat Blg\hﬂlyl geridittye a(®Sagksl) hahdz edquitée adynal Qfarmlcrohter
sample. All the necessary reagents, a 96-well strip plate, and a

25 complete 3% hour protocol are included with the kit.

Calcium deposition
Calcium deposition within the culture dishes is measured by
the ortho-cresolphtalein complexone procedure (Sigma Diagnostics,
30 Procedure No. 587). Scaffolds are washed with distilled water, and.
| placed on an orbital shaker to incubate ovérnight in the presence of 2
‘mL of 0.5 N acetic acid. Equal volumes of the calcium-binding
reagent (0.024% orthocresophtalein complexone and 0.25% 8-
hydroxyquinalone) and the calcium buffer (500 mmol/I. 2-amino-2-
35 methyl-1,3 propanediol and other non-reactive stabilizers) provided
- in the assay kit are mixed to generate the assay working solution. A



WEORMPI0026Gi si on i s nmade over

renmoved fromthe chanber and kept anesthetized by
adm nistering isoflurane in oxygen via a nose cone. A

side of one hind linb, and a needle inserted just
medial to the tendon of the tibialis anterior. 0.05 ni
volune of 10 1.5 ng of sodiumgurate is injected
through a 21-gauge needle with its tip bevelled to 45

o oSG DUBE, e Forkihg §6P0n 15 AfeEE 14 103 E R 3l in
about 96vweloplate. Tacgendrate ahstauddrducuviee setiehtdibriams of
the Sd@gVaret gﬁfédmi 2581 gANES! Maki plag iBohduted dte@dm

are ,shaven. 'e.circunference i s 15 n .
readaPRa R cedeh TLgRyrs Gt cfogy s qm. Calcium
Sel fdepdhisminvizomedachtscaffold is yebarted asmg fa” aedquizalents.
injected with urate and on the injected hip. In one
hal f__of the rats, a pulsg-burst electric signal is
appHTEtPIaRY Suf e eSHINE JIHATENENCH HISTOSAREN sensat i on
bet ween Scaffollsectreodemmensibhe fingdctind 2%deghuaraldehyde,

gguacifegyefaqéa*% REide CHhEGRatRsBINTcoNoldn APAIAY) ERbeANed

0 er er .square entineter. Follo
Gt i L MIANIC R tBiTk CeFuREEn rSections, &, Stacd &y Galiner
was hteidhtame,eand €l alnjdiak elolie onbethroeioloiie, Minetral hdeposition is
MEARANEN bySaddift ek cli E-eﬂggt inl fhe! AR he¥Rdat £ final

i

recove anes esia‘ang., r neg 0O IlS C

unt iqonceaiTaecn ofdPg/ml gpddeasy 5r.es L‘ﬁh@ mﬂtﬁg&logy for
meassvabatings rhsteix bddpositiar. e Tietdaenclinmorestcamallytdsefabr bone

the 4 [ t] ' s - af Rt :
e il M LR AR S g
af t standagd Bipgpantsodivareiom 3 DiikemEd §0P seseasele macrasgope.
nmeasured using the technique of Coderre and Wall: 30
Sta 'nr&gsig,aw pressure Wl ki ng paw pressure Body

t +ao

wei g t. withdrawal (50C water) _Foot_rmani.pul ati

35 Pl aci s sfidsis designsddodest Be Wity oisropngpsteoblasts

FHCT/ AR 0816 2AAB 7 sighdls Akt eeritRficegbed-specific performance

functions. The study evaluates 5 conditions over 3 separate time
periods. The “quick and dirty” part of the study is to evaluate alkaline
phosphatase and osteocalcin as first outcome determinants. Secondary
objectives 'seek to identify -morphologic criteria, i.e. calcium
25 deposition and {tetracycline absorption as an index of matrix -
mineralization. Data is collected as follows:

t he ankl e on t he MuIB%M004/020207



Spont aneous activity (1) Standing paw pressure: Rats
are taken fromtheir hone group cages and placed in a
WO200NP2663" by 9" plexi gl ass chanber and 5 obPEITAER004/020207
for a standard period of 5 mn. Under the chanber a
mrror is set at a 45degree angle to allow a clear
view of the rats' feet. The @&hmount of weight (paw
pressure) the rat is willing to put on the hind paw
of the injected Iinb is evaluated and categorized
accordi N9 10 The T EQLERW NT SCalEiay = [MA@R PAday
pressure, paw is conpletely on thﬁmi‘gntfhﬂgﬁneﬁyttréaﬁl%ﬁt
are not |$preadis 38 i, BRHRA] Sfiy Ar|e€dUCEd [paw prepsur €,
foot cuntgd b%tkglofﬁlﬁl yxﬁpagi Fgrksyof the foot—tghtty

t ouchi n( veareaelly reducled pa‘v",'

—COoT

pressur °St?°ggftsg¢rg‘§fa?"eﬁfrgﬂ¥rr%inb§elj_\,/ (2)| val ki ng paw
pr essur g ostRblasis gr2drp bsear doeStimAt he above descrli bed
chamber Toﬁtec&ESteSSZHthxﬁxti@nStnﬁ)fx the linp or alteration

of gait Ogtgbbggtga@qgmplyerggﬁsﬁ,ﬂhea on ol_ sodiumurate

ia?et 2: If"'rq {Fobiasts?(?)mm fxn[:”e;t"l’)\rgg ED ?nﬁ t'c ot irj;ni—ﬁg'%
Vi i bl & | GUEDIE B mgm T (o St B 11 mb. P npder bt 6
linp, pasteddlasts 3f-wint obehdaydStni B only briefly ouches
the floQbstechiasts SEMEY, 8 pdr aaypstindBl [€gged gi t. In| The
event tt —thert 20
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two cat 85?9bk1§t8 2”%?%%%dayé§timgwht5' Lntr eases
or decr ¢éaeus! esisolfestly wei ght are | assessed over| a

peri od Qfkordtdole@tcdisiysss i n rats with articul ar injection
of 'eitt@gn@p&tegmsw ate or vehicre, andj subcut pneous
[ nj ect i ons—of—either 25—sotium-trate—or—vehitre: (4)_
Foot withdrawal (heat): The rat is hand-held, with its

nose ovelEdchexperigier®d] ddiRligepes duplidaed, Tmilﬁnilhﬁ dfimdreils
nergLer
P2l PR L SR sl REBH e, R and

5 ngtétra@f@m §unlesatipn; rﬂfbraéidﬂlqnﬂﬂozage% maﬁf&wd@ﬁed to be
wat ejondtredaforezli day$0a fhat Ts 1Be caitieBPalheMlizatibh it In

ot Bl 4Eeg ﬁaﬁ%?“ F0r 18, 0 Ets, A 4 Padyichal 865 2
an aar@mg@ed)to apnresgch thevnineraligation aunalmsl@r val bet ween

tests. (ﬁ)heFﬁﬁé SRR SrHrApled Nire F&@hlald%mi agamﬁsﬁ@we el of
L pul a

' _xpeﬁ?ﬁé{ﬁ%ﬁ ple f\;/an?f) &g qu 2 ud ebegthg%{ sifice numerous

modifications and changes W111 readily occur to those skilled in the
art, it is not desired to limit the invention to the exact construction
and operation shown and described, and accordingly, all suitable
modifications and equivalents may be resorted to, falling within the

15 scope of the invention. - Thus, it will be apparent to those skilled in
the art that many changes and substitutions can be made to the
preferred embodiment herein described without departing from the
spirit and scope of the present invention as defined by the appended
claims.
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foot flexions and extensions in the normal working

range of the ankle WO 2005/42663 PCT/ US2004/ 020207

91 joint. Responses are classified as noxi ous or

non-noxi ous based on the presence or absence of
WILERIS CAAIMEDISoverrent on  mani pul ation. (6) Placing
refl ex: Hand-held rats are slowy noved toward 5 a
table so that the dorsal surface of the right or Ieft

hi n 0 e .0f the bI e. The. )
2 res(|?>3(‘)Ij‘r)1;,a‘]l J|Hlsz,l§utgl g&sg‘%{@%ﬁ&s% fg?’%ﬁl ﬁlgS‘gt“@ x U7 1¢ ﬁ@o?‘é’(fhcal

applidaions baid ppparatusebiprizingly as to prepare for
t he wei ght of the body on the surface. The

sup rtlng
t est%sl 3 fralpEageancy| ganeratorthat fg@nemaisha Iﬁrsldirmtmedmnd output,
10 refl exes

salg‘Tﬁ§tQﬁt ﬁé@dﬂ?esglﬂp%trhqth?g?gu% cgg q%@e SoBtrallingThe

i spl aye
di a(@t er seebnd heedidhcp- ééfeﬁﬁ'ﬂ)r Jtﬂétngeﬁ&ateg Néhe 109 hrtno%nggcond

. left hind linbs is neasured usi a two- pol nt” conpa
intermediale evtputkhsail acemal intevinetiac ombﬂtsdmiﬂg’i@cﬁml@i fol ned

ust below the | ateral nmll eol us of

t'hewf) f%ﬁfqgemt?gé 5‘%}"‘% Ak PRSSHEaelsefrigah Comﬁ@ﬂfmf%dtaédn‘athﬁy said
secolid i rﬁ@ﬁﬁédlﬁfebbl‘i’tgg%r ﬁ%}e;’f] ﬁ OO?EJ?IH% ?ge o?’t ﬁ? iﬁ é@%{ﬂé iate

before and 24
outIRstsh sagrt Hphds 1eenedisg dlﬂ?[l)l&§ $RhR é&lﬁ)lé@% Qfd Qlfnerﬁ,@ﬁ kcontrolling
tissue swelling as well as any destruction or

OnC (¥ FEE éagl&e‘ﬁgﬁﬂt grivars ﬁb#egers‘-mtﬁo@mm ongnotee famtt entponetiate
20 expec

oA BRI T P 5 SRBTCHS o
gendBame| gcfinidicahipht,i BAH afihan oﬁﬂ)u@&ﬁgﬁhﬁn@? s4id Z{% bﬁ% %nal

i's deS|]gned to test the util
COMRFISIRED [ eatel@aa%tl fous rejatavady ddrager @mhmxg/etuhmgemmeﬂs fi,cT,, Ty,
ce ngtions.. Hunman Osteoblast Cells are

T4 ﬁ@t & %%Eﬂ f 8§ﬁ R 4D (SBEGESSIBNEY depeatng Aématy exsledsaid
/ 563 02 th 1%

p"“ﬁ%?@%%‘%’% of B PETeEE L) ) lpeibadbat sty ciperter

secopdary timirfe lintestal ST th mnd%Crth Cﬁitbswﬁfcﬁ SURagUbLEYTEXaid

ever¥rs3 4 days as_follows. Cells are washed tw ce
primary; Hmyng, mf.qgm(lg ipfisisledgand which form in succession a repeating

secondary cycle throughout its length, said secondary cycle having a second

frequency, said second frequency being less than about 200 kHz; while at least one

other of said primary timing intervals is not so divided; (i1} a plurality of

- substantially constant voltage or current levels L1, Ly and so forth; (iv) selection of

one of said voltage or current levels during each of said secondary intervals within
a said primary interval which is so divided, or during the whole of said primary
interval if it is not so divided: said levels, selected in succession throughout the
course of said primary cycle, thereby forming sald electrical signal; and (v)
further selection of one or more of said primary intervals, said further selected
intervals being not so divided, as one or more equalizing pulses for the
establishment of substantial charge balance throughout the course of any one

repetition of said primary cycle,



salt solution w thout Ca++ or Mg++ (Bi oWittaker
#10-547F) that has been prey rmed to 37C. Hanks
solution will be aspirated and then 2 35 M of 0.001%

pronase incubated with the ceI s for 5 mnutes at 37C.

Vol umevherdih sBRl BibRia ] bl ghp / Jg%g'ﬁﬁfg%gfﬁ%gaﬁon of

al pha- MEM and a WO 2005/
ﬁﬁ%@t @éo‘m@ecﬁchemtmoof atlssuteh &eglg, sstielatisn abf BARN growth,

rri.ed for additional grow h.
?g"c? 6?'?%%? EP&p‘@Pf?ﬁ?lﬂ%ﬁtzﬂ fibpae ibgaljng, smprovement of bone

a&BayPrddRgsh Y t%%hﬁﬁ%ﬂhﬁ@&} galp%qlti%sue damage, reduction of

Hydr ocorti sone 2 m succl na

1(1$ug| Whm@hpﬂmmioa af tisus ygaR shedivhl FishlotiohNEf tlssue graft
lél\[lltgdla in aII cultures is changed every 2-3

%’5@@ Pi‘ 840m 08 blead flgat. eenhancement4of hroghemiaidymoduction,
0 [ Pho hat as activity,

%@?Iéocailgl ﬁf gtgtg?%ﬁléa{en?g?l é)é? ‘iﬁ'ﬁfl df%’gﬁluf tigR, ofneregpisms,

énhatenogy of qmnb%lﬁnﬁ%hhﬂceh%rﬁ@f:%%ﬁ I @&ﬁétﬁsbﬁhan-ggﬁent of

a co

bz%fij conpares 4 active arns Wt
: farages andl mmpypeament Oéebuwlcglcahmﬁdntmnerval s of 7,

14, and 21 days, evaluating: Shuman osteoblasts with
electro-stimius A for 2 hours, 3 15 tines daily

Shunan OStI%@bdpﬁﬁfaﬁs X! ?JE:I;]UHQEQIQF ! Wﬂe?e? I%h% %Elegtlon of said

hours, 3 tines dail man osteobla
pan@cy ra@dssacnudiar; fAnfngr idOrvais) tinds of aidt vémfged@ﬂ leMrré®t levels
%steobl asts wth electro-stinulus B for 30
3Cause rgaid g glaciricat hsigmal oot comilaist @ c&pncuﬁ@l. defined

o e

cultures is
assay Briefly, cells are renoved fromthe cultures at

day 7, 14 or 21, washed with double distilled H20,
and %ormg'ghﬁ? m&tﬁs as reorted imtlacml 2 vA@reVi( SRR eletirical signal

12: T honega sare sonicated for 100 mnutes in
wifin oy O e DRy B Porvalguin e 98 AC. 200 MR, amplitude
cithet 'd)lfrWEich Gnay be zero, and (b) said A.C. amplitude within said primary

timing interval, if not zero, results from the presence of a said secondary timing

cycle.

4. - The apparatus as recited in claim 3, wherein (b) said A.C. amplitude

~ has an amplitude of zero in at least one of said primary timing intervals, and (c)

said A.C. amplitude has a nonzero amplitude in at least one other of said primary

timing intervals,

7 5.‘ The apparatus as recited in clalm 4, wherein: (a) a first said primary

_tzmlng interval T, has a single voltage or current level L; selected throughout,

resulting in a zero A.C. amplitude; (b) a second said primary timing interval T, is

divided into said secondary intervals t;, t, and so forth, forming said secondary

cycle throughout the length of primary interval T,, said secondary cycle

- ‘undergoing a plurality of complete repetitions within said primary interval, one of



30 an ice bath. A volunme of 200 gl of 1 MKH2POX is

added to neutralize the pH QENA standards are

prepared from stock DNA sol Otions containing highly

pol ymeri zed calf thynus DNA (type I, Signma) at a

dereieDf, T3t dn@nsoof f -
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excitation wa
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thergtRrit ?;Sr%‘ﬂ wertngalt ignadli is subsB@Gallidenthmh detween any two
very. mnute for 4 mnutes at 405 nmusing a
rgﬁég%@ggf%@a’}e{m}ﬂq"QWI%pectrophotorreter. The sl ope of
t he absorbance versus tine will be wused to calculate
the ALP activity. 15 Osteocalcin secretion Osteocal cin
secr ét ed ilhet sppacathis usereritdd dni claiiet Sr Whersh Uaid GuBstantially
conr rcially avail a% e.sandwi ch i nmunoassay (BT-480)
ConSiH Bpltage of suamenb fevelmnd i, rhandsse fiwth-take the form of constant
2659 ' ' Lt L ghl ecifi | t..measures
eI Sl B d 0 BRR o RS
(1-43) fragnent. The assay is a sandw ch ELI SA t hat
enpl gys two nonocl onal antibodies. One anti body
(1-19) i sThenebpamatuseas recitedein vhaiths5,awteteire saiicprithary cycle
The_assay .is  highly

cdrited o ey Liins LesGrvalssT oM Ta, bing Eheorelatianship
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66%?11?3%%0” within the culture dishes is neasured by

8. The apparatus as recited in claim 5, wherein at least two of said at
least four primary timing intervals differ in length and contain secondary cycles

which also differ in frequency.

9. The apparatus ‘as recited in claim 5, wherein said secondary cycle
- comprises exactly two of said secondary timing intervals t; and t,, having the
- relationship 2t, < tg < 20t, where t, may be either of said secondary timing
intervals while tg is the other, thereby yielding an asymmetric secondary éycle
with a duty cycle between 66% and 95%.



the ortho-cresol phtal ein conpl exone procedure (Sigma

Di agnostics, 30 Procedure Ngg 587). Scaffolds are

washed with distilled water, and placed on an orbital
shakeaoto i ncubate overnight in the presence of 2 nL

of 0. 30N addiei apparatgk. asegdiibd VO lcUh®S :

cal ci.um bi ndi nagJ reagent (0. 024%}?%%’g%gélleéglogﬂngleg?nrgaw cycle
EOmprisssInerethan tvosbsad seapadamtipingdhtemels and, t;laed so forth.
cal cium buffer (500 mml /L 2-am no-2 35 nethyl-1,3
propanedi ol and ot her non-reactive stabilizers)

provi ded iTheta is ; e _ .
assay wor ki ng g%filrﬁﬁ%ﬁr&&{e\(}%ﬁ %6%%%5%&%5’& Afd 8fercBfsignal is

prematodbauonabely aftea preselreted pe3édof tinke. wor ki ng
solution is added to 10 L of sanple in a 96-well
pl ate. To generate a standard curve, serial dilutions
of Call 2 preg - 3 plate, is
i ncubat ed at rg%zﬁw%% gﬁp{é‘%g%gl?lg&%ﬂr Slggﬁp%‘ﬁ’lngs (@) fyeepsgior to
gasgtite sa@7plurality @ mimanyStickegositehals T(,0m @adRo forth, thereby
caffold,is reported as ng Ca 2+ equival ents.
8 S&b‘&@ﬁﬁ“‘?%?ﬁﬁ@% FYdle (o) agansrserct ginerase saidyplurality of

ar e i on fi in.2% gl ut ar al dehyde, .
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seapiddiyycyeibed idQt ieat G i | | ARG,
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selgetngswikchio selaeh amods Isaigypluraitseo it ordesmd soithgior Qurrent levels

eval d addisng tetracycline-HCL in the culture -
Lﬁ?ev% %{P&afo %"%’ ﬁ’gfg fog%aﬁgé’rﬁsﬁéfﬁﬁnéﬁw 1otegeplnivithina saidprimary
intevhl ®bichblsi fohaideat be el - ¥ A
deposition. Tetracytline g%%:sbefnu %atlg\sﬁg#ﬁ&olﬁ%“@ 1%.13(15 not so
divisteds tereby dermaing suid phetmidtal istgraVAhARIHP BohduckiRh thedrial for
aoi)téi usi ng st.géldard Bi gquant software on a N kon El 000 .
RRlving sudslecirical signal to kying esinenliving reatedslsi s desi gned

to test the utility of inbuing osteoblasts 20 with

bi oel ectric signals that enhance bone-specific

per fid. marlee appurgtub @B Secitbagnlaidy 12V igi

conditions over 3 separate tine pe’rﬁ%? @qﬁgnslalgiacﬁﬂter for
rCRAYINg yNantesheampenanitefromumyd elsctrivakbsighalat e - al kal i ne

phosphat ase and osteocalcin as first outcone

determ nants. Secondary objectives seek to identify

g A0l il Siat Al s rbeifed SAUGT SReRR% e8] or said

tetracycline absorption as an in

-~ gemdralgom|dfz saidoplurdlityaof privoddye ity amitdroAl 0¥ said plurality of

secondary timing intervals, thereby forming said repeating primary cycle or said

- repeating secondary cycle, includes a multistep sequencer.

| 15.  The apparatus as recited in claim 12, wherein said electrical signal
is periodic. and in which said primary and secondary timing intervals have
approximately the magnitudes and relationships: (a) 50 psec < (T, Ty, . . ) < 30
sec; (b) 200 psec < (T1+T2+ ... )<120 sec; (¢) 2.55 psec < (fl, ty, ... ) <50 msec;
(d)
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Ost eobl asts 30-min, 3x per day, Stim A osteoblasts
30-mn, 3x per day, StimA osteoblasts 30-mn, 3x per
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cont r éﬁ osﬂ"é@kapa&‘amscasntacnbd ostotbmbi 25} sonflp@Réd & penerate four
condition is duplicated,

?’ %Waﬁhﬁ :rarrﬂ?ip a?@é‘ﬁ"ﬂ lflé(rQﬁsafﬂ@elaQ@&mwamls i, ty
i%%?‘i’f"@‘%&?‘""zﬂ@%% %“‘%?@*’a R B RP Sl d5 B B P i3

lgagxg)staasa]ﬂj'laiem s(Whe, cindt Lg Havei ﬁﬁfs&hhmf egrﬂaf h%atu Bs but

i S. arns, X 2 sets of data c

St
0&’&’8?’{? ‘ﬁﬁ%/h%se(@ T1 is speptat psedwantlo; aped d)ah Ty hed T, all contain

Sg&&ﬂ%} al ysis. The foregoing exanples are
consi eré@ﬁéagj%%ustratlve only of 10 the principles
of the invention. Further, since nunerous

nodi f| cations and changes will readily occur to those
ski | Hdd i Ahetapparatus, asirecited iotlaitei6; ethetein: (ajTt i§ B shortest

o RSBl BetrPRischi, Tand Gl i 991y, i T o1 roighty cqual o
g TR e e PUNTEERE T BHLRD (hERC o AP bR profluced

falling with
wsaud fseordaptmning toyclehwithirs Xl bhed,i 1@ redl.ﬂ:%d EHeiovE' tﬂﬁz{t produced

b %{ cha ges and substitutions can be nade to
)b?aé é??oé@ Brigimnemereie wethin Bs.descri bed wi t hout
departing fromthe
18.  The apparatus as recited in claim 17, wherein: (a) the repetition rate
of said primary timing cycle may be varied, continuously or stepwise, across some
portlon of the range from 1 Hz to 500 Hz in order to suit the desired application;
and (b) the repetition rates of said secondary timing cycles within T,, T; and T, are

substantially equal and lie in the range between 1000 Hz to 200 kHz.

19.  The apparatus as recited in claim 17, wherein said amplitude
reduction of the signal during T, and Ty, below that during Ts, is achieved, in
whole or in part, through the selection of at least one said voltage or current level

during 'I‘3 which is not used during either T, or T,.

20.  The apparatus as recited in claim 17, wherein said amplitude

- reduction of the signal during T, and Ty, below that during T, is achieved, in

whole or in part, through the use of a different said secondary timing cycle during

T; from that which is used during either T, or T,. |
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spifit and scope of the present invention as defined

by the appended clains. 20186 WHAT IS CLAIMED IS 1.

An apparatus for generating an electrical signal for

use in bionmedical applications said apparatus

conprising (a) a first frequency generator that

generat es first internmediate output, said first

i nt e??fedi%{ @ Batpins B%irﬁﬂt‘?,jgﬁfblci@mt doan@nflgaiedpip generate a
ploeality ® off RdedsPYoud SFRARNSHMLRANES nﬁaé‘rg» Ok, 12

enerates one or nore sec‘on@g ﬁﬂ@%}ne ?E?%’gétﬁb%%9301bﬁh’

g
Ak YR swnberdS pfisadsechmiaey tnting fitehaisng, 6o4RINAGo rthiC hnd an
ive or passive electrical components

ch‘ﬂ’g‘t“%ﬁffg@h? Sggﬁt Yoltage s rfarTent &viebidh-nile, burpdise fotthy sivh that:
(R L0 SRy Zerd 9P ThEE Rl PO SR oMb aRd iR erels Lo

said third in
Laandrseifprtb dortnn af lebst@ne pat soth @OLS, LOGhE metSirs OF EXE! iid pair
t hat nerate one or nore fourth interned ate

begng In waeptydapuironpesiée irepvlarity; ¢ Puissspeat aga constant L;;
t. fi.lter . .that fi.nal
(PSR ot BBy Rl inePlathdoi Tufihgo danth Orisip reeendary

out put, sal
cyslegrdl hacippsutstddiall{i dqal reBaStiod Pies’ i i

| onger primary tim ng i%t er \?gl S Ql'l?%lzi’, %%)gtd ﬁ%{){%lﬁlél signal
am@i 1fKlesisj preggus sbning & oprimnary iimisg daeswil Oh, awhere st pRferably

' l,e, saj yimgry cycle having a first
cqplls, 2Bod P bgr(l'r i%“aahsjldé‘g@én&kﬁof%lﬁ%v@@ mHeame tervals, said

equency;

SRl LR PIERAR A ol By 355 B! e Aiard o

whi ch at | east on
backsyagd araled saidi pritiarh tioing ¢yel6 URERSS | BPrekiiBP8atd Yousoidal
S condﬁ}% cycle throughout its length, said secondary

YePord] ?Héxan%@ébmg v aediavieipmuns dutingdgond

frequency being |l ess than about 200 kHz; while at

| east one other of said primary timng intervals is

not2so dite egshiratub i ds) re@ited Yh Hihity 19{ foﬁ'ﬁ@ﬁjgg gﬁ)isgérle}(ate any

cl%?st ant voltage or current levels
nunyher of saigl ipyimarg tieeing anteovals Opel,of; and so Yarth,a9@ safd secondary

duri.ng each, of said secondary intervals

L r.rent .| evel C
timifif i %ﬁval%ﬁs cgtzprap% tee; sd volpee AT elrert lewelsi v, decand Ls,

thi

PIDATD, SRR ALY 1 PO Skl o

magnitndesdhi wppodite palaritiess anll (SphiemBry MBdrYals Bé]?é gﬁ@?& R Birees,
u

h form&]@s id electrical signal; and (v)
- WHeIE &t 18t syderonanyoliming inseivdl pr eadr yaid greoy,aueh as T,

T ' u er_selected intervals being not so divided,

o R o o r S SRR AT P songoflL-6e) i Sebead said primary tiing

intereslt AbleadRBIE oRfups Ukshapt Hal 1¢ch b t hroughout .
the course of gar%??one aﬁg@i iTlgi %%gfd ggi%g&gr icﬁﬂfaglf% a"said

secordagy diming cycle alternating between L, during t; and L; during t,, thereby

forming a square- or rectangular-wave signal within each such said even-

- numbered primary interval; and (3) the third said primary timing interval in each

said group, such as T;, Ts, Ty and so forth, is spent at a constant voltage or current

level which differs from L, thereby forming an equalizing pulse.
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97 wherein said bionedical application conprises pain
relief, stinmulation of tissu row h, acceleration of
ti ssue healing, stimulation of bone growth,
accel eration of bone healing, inprovement of bone

heal i 23, i Mheoaperitis @f BARA SRSt Y2, LAGHS! B0 B of D.C
tissue inflammation, repair of tissue danmage, T
Iag’g{r tudes) rﬁhr_Qflgll'qutéb@ Eﬂfﬁ_ﬂeﬂf tiir]rcig% _cpclerimizhm][,ltsofthztti the lﬂ%ulting said
Jfaf Vv r ion o i ssue gra survival ,

rodi Fcfig%ﬁ{do]ﬁ?%#arg? ggloan‘?ngvm enhancenent of bi ocheni cal
production, enhancenent of tissue biochem cal
production, devitalization of organisns, enhancenent
of jotht rEhaiappamhisancecwitdd bf JaiimnD3[ PGSRANEY! said second
ﬁq@g@cgmnt . ?f ]Sl ood st orage, and inprovenent of

SUr | OYERINITEALITY $asASaId ZromRecantaing atrgstangulaewiave daving a
toh-gdrairmned, LN Ljon.of said pri y and |
secondary t5 %alb’n?ﬁedrqegl%glde%#g Btme R F"é@‘é’ngt%‘ eacﬂ said
growp dias e vaipsitev DI0. Nadplifide C RU$HnS A RIBGHEAICBenal to be
shﬁn%l%&o enul ate a specific, definéd mathemati Al
SPDTiRRtady qhatgenbalancednpl i t ude which varies with tine.

3. The apparatus as recited in claim2, wherein (a)

said electrical signal wthin any given primary
tim 2§ i nThevipbardass RAbbitdintlfim 80 9wleliCsaid BLIAHAS th
ei t her, of V\:h?a? may be zer o,ﬁa%gl ?E) Wisalgﬁ%gg i?l@gg!:én(#and third
PEMSFY floweg witetvials withih girleastrone ofisaidngroups of viake hiafe BBposite

: ts fr t he presence of a salid secondary
p %ﬁ%‘nﬁﬁsgfrgmpﬁe. 1n ?Teﬂ%o%fpﬁifglglé?%@%@m iof ghree.n cl ai m 3,
wherein (b) said A C. anplitude has an anplitude of
zero in-at |l east one of said primary timng intervals,
and 3@) Bhe apphrdius aseddited e chah 25, RAREEH QaPAMbast BAE of said -
i m’ng

at | east .one other of said primary t

i
thffﬁt@?ﬂx}%wstlmst?g THerabh avithinsataleasteane ofl shid gloapmof, three, and

| . i st. sai rimar timng interval T,
fzﬁ@?@@.@%ﬂ?‘ém&oﬁwg@& 355 St iR gehiovs Chesie beldaee; and (b
chatgechaidieietinsteid® s/ hdHiBEEd | agpl partkD) e

second said. Sri rrqrf/ﬂl?‘i%r(rii’ ﬁnng%‘(lﬁ)?%?{/?? 8}?15, @Bh@fﬁ?@g&y Fovbreal
bef"fﬁeﬁ_ a Jgagt ere ofshid yedamtgritary timingt idiervals Sd 21643t one other
Ofgtgrm ng sai d secondar cycl e throughout the I ength of

prflrsr%? iR Hmipg integyals.cuithingaid gropps of threeler goi ng

a plurality of conplete repetitions within said

primary interval, one of 98 levels LI, L2 and so

for2h beThe appheeisess feite@aftifin 22 WHALY ra!(t) qia%@bﬁlesof said

1, t2 and so forth, resulting in a nonze

) t .S .
secondh nrimary; tidng dntanvals, wathin ptileastyotd ki ngid gro@isv of three,
d

cong%é%g ggmgld%&u ih hggs g}i(qq?h_ I ggr p@&l%lg]pr}gtyld%fg;s\é’ﬁa&n;gat i?lr;lt least

sal

onefahérvf safd ScBAE PrimatP Yinfing Mbr@)t @I N @ single,

. const ant

28.  The apparatus as recited in claim 19, further comprising a switch

* whereby the primary timing intervals, secondary timing intervals, voltage or

current levels, or any combination of these may be altered so as to produce any of

| a plurality of the electrical signals already described, upon demand.



* amplitudes deerehsy propresbively \ivﬁh%ﬂnéiih&‘&?’glﬂm

vol tage or current level in the manner of T,, or be

subdi vided in the manner of _interval T2; (e) each

said secondary interval or uH®i vi ded primry interval

within said primary cycle has a uni quely assigned

vol t agg or r vel . f.rgm anpn , L2 and s .

forth, 9i/\,hi c l%i g a E\‘/\Aéisa%sg?cé%ae&l %ﬁ%‘ﬂ" t#fat Whﬁ‘ieél} ngpc?.selectlon

campris¢s: Ayl thet Bleceicalr Signdll ds $&itdd SheQhinh 24l 0?'@? Fhe lefectrical

substantially identical between any two répetitions

genakasqegitedincleinydd. e. 6. The apparatus as recited in

claimb5, wherein said substantially constant voltage

or current levels L,, L2 and so forth take the form of

constamt THéR atuE¥E k& idel; ity . .

bet ween +10. 0 %ﬁicﬁ’ 210. 0 #ﬁ%‘?%%%‘rféﬁn%@ﬁgﬁgﬁ‘f&%}%@d&m

Ksapasiadie and ninc which Said whémeiyn andi Secphddrar mEC ligtervals have
t primary timng intervals TA and

ézp%rggr.i S?eﬁ ttvvo | onge

ORIy s wagurudes gad relgtionships (TR5G LsermA (RheFe . TB) < 30
' i [ I TA i h

T8, (20D A TP E 0 o R 3 AR et (e oo msee,

ongest,
(W Shusec duttyty.cl.9 ;bem,e,mnd@(e?%@,ng 95% <81, 7#® . . ) where T,
n@gpgratus ﬁs recited in claim ,_mbereln at l'east "two
& pebigarily) leag tandouherg(TeFy - t i 0 €-Hlat er vy Ba,dith, ter. . . ),
' eng d.contain _secpndary. cycl e whi ch al so
Pt er ) bt tooncririas SRSt e Shedheatiec t oa 1 n
claimb5, wherein said secondary cycle conprises
exactly two of said secondary timng intervals ti and
t2, Rbvi ndhermpparablsass ootetpin2¢ling 30B SnBBikdvdesendrAe any
timng intervals

| n‘gﬁg bﬁ i t.her. of said secondar
IFre PB S Pcrﬂ’éaréittﬂ’élpg 1nfeEyals, l’yTZEITdiaﬁg Sarfoﬁbyamewn gumber

S DFGRIANRE a0 W ty C tween 66% and
95% 99 ondety kfﬁlén%ﬁﬁg‘}‘glsﬁti’ s ?@3 Sp Sﬁnﬁ,ﬁm@, 4 odnimber Q of
sapheradiage sai dusemtotudelsy Lgy ¢,€ 1O i s€ forf' gmhhﬂ{hé;\@ L, is
ugf sai d secondary tinmng intervals t1, t2, t3 and s
supgiapHally zero; {inche spmpiming said vodoge add icorrehtalenels,L,, L; and so

' ' Lectrical signal js automatically. s
folt 2o by ABf o Bl P asiTed o hEmGRDGF Of eeh s, pain being
agloiar ik, | i i LSing: )
T oher ot e B hp&te BRI, B FFRPhR 4 cobhnfLy; @ al
Oﬂpﬁfisﬁﬁmmam gy rignineervals 9,,TT; ad@s@ fstls ordtPintsecoidi@y @Ddles all
hafor m%ﬁ)g S?Iﬁl repeating prinary cycle; (b) a generator _
Y38 Patantially gagabrepekitipp yratss; (ekeomasinyum i signe) amplitude is
' Lo ot sq forth . thereby formn aid, .
pres PR T amd () AR e Eriniink AL Pty Fugdabonud signa
?ﬁﬁl'grlgrcle,

' . I3
t p% %g
switch to select anong said pluralTty g@h ons r%

th%)&.a@@f%rm@tmg @nt exponehally-decdy2ngrethvelopt owith, ito rBaximum

dg%%ﬁgéquﬁiﬁuarh uﬁggc%r;.dary intervals within a said
32.  The apparatus as recited in claim 31, wherein each iteration of the

primary timing cycle is initiated by an external signal.

33.  The apparatus as recited in claim 12, wherein said electrical signal
is capable of being applied by conductive material to a human or animal body,

isolated tissue or cell culture in order to relieve pain, stimulate healing, or increase



interval which is so divided, or the whole of said
primary interval if it is not so divided, thereby
form ng said electrical S|gﬂ£ and (d) conductive
material for applying said el ectrical signal to

l.s. 13. Th
I e Bt A o Bt o i P R i Spbstances
veravictich ofwaiRbieshls ouBeHRBs. S from said el ectri cal

signal. 14. The apparatus as recited in claim12,
wherein at | east one of said generation of said

plurakjty pri nma timn nterval s _or said
pl ur a#lllt y ﬁ‘ @B%ﬁéa?ﬁ/ rF?‘?ﬁdn iGhaigy éﬁb Svhergigy sHg conductive
in@fefial Gofdtitees %gﬁlﬁ?dlfﬂﬁ R A4TRY, dﬁl1€sy &t E1eQfri W—%onductwe material
. repeating secondary cycle, includes a nu ep
thatpgenpahle oiﬁemglapplatharmlystoase slén istugsbel N cl ai m 12,
wherein said electrical signal is periodic and in
whi ch said primry and secondary timng intervals have
appr mat g r.el gtiQ S
cec 239( T1, Fﬁ&% abgzﬁa %écﬁlngb g% relg salcg (20n5()i(1)1ctlve
I(léITEﬂEIchludes 5at11%95t86@e bbay & §§cﬁrﬁﬁll§ o()haucttv%l mateaal <hat is
rPs 100 5 psec < (ta+tb+ ...) TA, (e)
C(‘P@b Pibf’lﬂg appliediotatisshe surface) otherrthiag the sklner e ( Ti |
o), (Ti+T2+... ), TA (ti, t2, ), (ta+tb+ ...)
and (tx, ty, ...) are as defined in the
specibi Catﬂh@nzcl})phﬁatus-r hg ARRAYGHUSIaAR . %?CWhEHmh Nsafd AoBductive
15, configured to generate four sai
matgrial viackidgs at Teast 'Kﬁleabddﬁ' hf elegtricaldy- Ict)rydlmftlvﬁaﬂndterlal that is
and so forth, and three

nd interval] s ti,
C"é’aauf’ge ngb%%i’éemé?ﬂa MR fir ‘lnélﬂéﬂl%d withinze hreapaor anjgtel body or
tiddpat: (a) L, is substantially zero; (b) L2 and L3
have subst anti ally equal magnitudes but opposi te
polarities; (c) T, is spent at a constant L,; and (d)
T2i J3 and T4 all contain secondary tining cycl es.
Fhe ap %r@m@ﬁ&s% gecited inncleimai 38, 1@ hersie rsaich :cofidictive

17.
rigf &*@ide?*?aﬁ)l g pory o SRR ORI maseiah gy or

pa&@allyTﬁnmersb@ngsﬁ clebAitalyIdBBiudctquld: and (d) the

anpl i tude produce by sal condary timng
cycl e W|th| n T2 and T4 is reduced bel ow that produced

sﬁggndary timng cycle within T3. 18. The
app ot usThes APRATIRIEAES doifos An whainwds ewhere(na)saldheonductlve

iR SRR 5By o, Bt elift Rt e Borable of
imofergibe ofammmafnrd?'ﬁhilmiﬂzbddgr &Qﬁsﬁg dr?)aﬁr tfl6feof 0 SUI t the

desired application the repetition rates of
said secondary timng cycl es W|th| n T2, T3 and T4 are

subspant i e and.li.e i rapge, bet ween 1000
?% 8%?!4%) %us as recited in ¢ ann fZ w grem said electrical signal
18 capable of being applied by conductive material to a human or animal body,
isolated tissue or cell culture, food, ‘beverage or' other material in order to

dev1ta11ze selected pathogenic organisms which may be present.

40. A method for generating an electrical signal for use in biomedical

applications said method comprising:



19. The apparatus as recited in claim17, wherein said
anplitude reduction of the signal during T2 and T4,
bel ow that during T3, is achi®ved, in whole or in

part, through the selection of at |east one said
T3 which i s, not used

dr | nD Bl lepd St sl RS ey GSiibrared T T

durin
e ur RS iy ATRLCHRA o RHaht §Rnfly (8, said
aemasy extle havingh dteguencyi;n part, through the use of a

di ffepent saj.d sef&ondary ti.mng cycle during T3 from
that WHiESRCTAUNg, ablgag) iFoglatively shorter sspondary timing dntervals t;, t

j ' J ai . fi d. to .

IRPLoR00 05183 S B ] gy AGAF icedan

phidefoymtin suogesbiohes swpksting sccdBdary ZyeRothsoudlRnt its ledth, said

even, nunber 'S of said secondary timng intervals t,,

Yesondagy gyide bavinga ficqusny.caid Gernencyriang Qelow 260 §Hz; while at
' rent level.s L. L2. L3 forth,

Bk FRPRURE of g B T8 st O, &0 e

r emai(o) pencsaing ¥ plurde AENUbREAHARL cdrRiat %’0&3%6 orl-é.ﬁ‘?éiﬂ levels
y, the

so_forth format |east one pair sSuch as Lx,
Epadsoforitach said pair being equal in magnitude

but ite in polarity; (c) T, is spent at a .

consggﬁgaﬁ?tfng (’8? %Tafm@t‘ﬁ)éﬁ%g%ard%ﬁq&dpvelﬁidﬁm@ each of said

oot TR LD RN ERIERI Mo, or durn

thﬂawbgte ¢fesaich prinirpnintesvay iflt is aep |s'§|)_ %ﬂﬁsa@d{{' e6@IM, selected in
, ere

durln&hglprprl ry timng interval ]
- SYCEYSIy hirpughoptathe emssr ob/saidi primady (dyrlad ubierelyt foeming said
1@@@' nai1said primary intervals, said signal
ea.rrp ?ltrgd%gasl’ iﬁirfgr ease progressively fromT, to TN going
ei the) futhwekeleting RAE kMMErabPUAR HA ThiERals, ! 4 Tlrther
cycle, thereby approximating a sinusoida enve? ope
selgoted ntervalshemgnngti so wgvided, saasdormd of mone equaliving pulse? for the

. rajus, as recited in claim15, configured to
esg@’ﬁ‘&ﬁ‘ﬁ?@ 8&;?“’5’%6%% chiieg balpnge i thequgheytithe cowser 9iapgy one
I etitgo%fs'gﬁilm th, two said secondary timng
: e?nterval s t, an %);Zé,iéand three said voltage or current

whazoiel sid clectricahnizraB.is capubie bidking( @plled foSone or more of the
L2 and L3 have substantially

£ ubsteﬂtially zerqbuéb) :
OleNe: ibodaeanimal begpossilk enliywe,dissue esltusn fogd; Jliquid, and
j ' | s_are grouped in threes, wherein (1)

phgﬁ%ﬂ%¥¥%¥Q@§Fég%T@ﬁgry timng interval in each said
O Owheréitl GRicBbiomedicdl4appli infficP P i

o Coner e sa Siohasdic CanplCaRSH cprite BaindffioPihuflton of
tissuet groneth, i acoekerhtimi of gissup, heuliag, astinhilatid®, off S@Rd growth,

Ss.a said secondary timng cycle

accgfération, of ot Beatfisn Tmprayiemment of boamboalibRmpravanznt of bone
it Nt 80 AN, it BN e hon o
tissan dswe)ing,herdrhbtion Soff dsiiel BRITY shivivald prohRidR! of RisSRE Fraft
survival, modification of blood flow, enhancement of biochemical production,
enhancement of tissue biochemical production, devitalization of ‘Qrganisms,
enhancement of joint repair, enhancement of joint replacement, enhancement of

-blood storage, and improvement of neurological conditions.



said group, such as T3, T6, T9 and so forth, is spent

at a constant vol tage or current l evel which differs
fromL, thereby form ng an equalizing pulse. 102 23.

The apparatus as recited in-claim 22 vvhere| n the sum

of D. 4], anfrhetHERSd e ek

is zero, so that the resﬁpﬁ]gasﬂgl rn ca#g%q?%ﬁaﬁ%sa‘d

.penemaragé mommmm inférealap pad aiﬂJS‘al@Svdlt@ge t@deirfent levels
sajd second prinmary timng -

m 23, wh :
@ VERD; ailréglhgf’éé aleamb el aitors emulase t angnftcaﬁc defined
t ude d
“ﬁ“ﬁ“*w“%@tloﬂ“%&aéf%fﬁeﬁpﬁnd% igh Yies PR el o “has

third primary ti
an opposite D.C. anplitude, causing said electrical

si-gna to 'glge sybstanti al | y charge-bal anced. 25. The
appar methodag recited) inictnimat 1, whereinn(ad aaid cs];mmm signal

'- %ﬁ@‘“&@f fiof GBI ek S BB AL o8 e 2 e

ditherof Ivdisieh infayabe | R4S arf ) Xdalle Ta, OF aﬁﬁﬂﬁ?cge[ Ui id primary

three. 26. The apparatus as recited
tm@gépwr‘(aé) ifnot | zgpstrenits fodmshe ghresehée df prsaidisacontiafy@ming
#’ﬁl erval s, wWithin.at least one of said groups of -

re and farm ng-an equal i zing pul se, is too short
‘to fully achi eve. charge bal ance; and (b) 'charg’e :
-bal ance i nstead is achi eved; in whole-or in part, o
. throdgh pdhar nteyhcrcb\mrsahtedbﬁi Vi a42,|. Q@ﬁarelﬁne(bwsard AC :
sai d’ seégnd rimary timng intervals, ’and -at . l.east” one -

Cgpperent frassan arapliidel ofr zararip el heasy Olnntef\‘salldspnmamnnmng

AN OEANES Bl AL Ropochln 11 FRRELEL e St one

In arm ereln

‘othes a@saydpnmaqgtmﬂﬁ§{m@4v§1,s W|th| n at | east one of said
~groups of three, contains a secondary timng cycle

whose repetltlon rate. differs fromthat in at. | east

~one pf he d second prl ry tlmng i nterval s. 28.
‘The appar %%r‘%t‘éf&d g} A.1wh eﬁ!ﬁt@érﬁrst said primary

| t1rﬁln@pfn'téi-kz£l9T? hawat ﬁpgle;"?%fa%%yorln Oiird OGN sBienily, throughout,

interval s, seconda

regultingin alzevelAsC. ampanwe@msmlﬂ%m ?nﬁa@ftﬁy og Rﬁml T, is

d Irggred sp.as to produce any of ural’l
afed intosard seeppdney wtermalsyt dasand nweﬂortlupfmmimd setOdary

; t ted I d
QS CEFRRURCHE, IR B DriRan TabrAIc . selihcjecoRtary cycle

undergbingh plﬁrﬂit?'df'c%ﬁnplété ré;pe%srtfoﬁg vl §h

~recited-i-n- claim?2 e..appar.at us.

g fihgRoneor

le"élsafpm[&’&mdl 50 ﬂ)hrlhcbelnglsdleeﬂeddbr escl oBS@:@ﬁHaryl ftervals t), t and

: rlodl and- i.n -whi ch sald primary and secondary. .
80 ?ﬁﬁ] Pﬁ{r’@r Ulalasn?%‘?éo C. amplitude;” (c) .third said primary timing -

i,mterval T;, fourth said prnnary trmmg interval T,, and each said primary tlmlng

interval Ts, T and so forth,. if present may either contain a smgle constant
E voltage or current level m the manner of Tl, or be subdrvrded in, t‘hc manner of '
- ‘-mterval Tz, (d) each sald secondary rnterval or und1v1ded pnmary 1nterval w1thm |
sald prrrnary cycle has a unrquely assigned voltage or current level, from among
Ly, L, and so- forth wh.rch is always selected when that interval recurs; -and -
_therefore (e) said electrrcal s1gnal is substantlally identical between any-two

- repetrtrons of sald prrmary cycle )
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approxi mately the magni tudes and rel ati onshi pS: (a) 50

sec < (Ti, T3, ...) < 30 sgg; (b) 200 sec < (T2+T3+. .
.) < 120 sec, (c) 2.55 sec < (ti, t2, ...) 50 msec,
(d) 5 sec <_ (tat+ttb+ . . . ) < 0.5 TA and (e) (tx,
ty, . . . ) < 2(tat+tb+ . . . ), where Ti may be
arbltrarll Iongimand where (T2, T3, ... ), (T2+T3+ .
et met as rec1te(ci axrtddaim 44), whelre(rt said Yubstantially

c?ms"f'z{rﬁ \Qﬁt S fdrnczlgﬁelpg veﬁ iﬁ :Ilin@rggg(t) :fgl?{b, él@phte‘cgm of constant

apparatus~as r

cgeat akds BetWeed W08 and -26 05716 ry tl m ng
intervals Ti, T2,. T3 and so g r?#,égan even nunber S

of said secondary t|n1ng |ntervals tj, t2, t3 and so
d,nunb sai d voltage or current

fort and, an o
J"?65 LI ?h"ténetgéd aﬂ%df%de dPtcﬂaﬂ% foh wherein gail primpey cycle

| evel

@W@ﬁb%ﬁ estzﬁlg&aﬁémm ﬁﬁté&%rfﬁgﬁm [gzlv\ft?égjsﬁtgre@ﬁgnshlp

- current |eve
2haf TisE 0 Taswhare Ty is theelo %ﬁn@} ﬁf’é%halsﬁidjl‘ﬁé the second
i bei ?%h egual i.n magni t ude but posite in polarity;
OPRFLTaeeRy gpddingzan ﬁsyaangvnﬁmmmmy Qile with a dutyeryckabetween
6604 hiiRoye L i M ng intervals T2, T3 and so forth contain
secondary cycles all having substantially equal
repetition rates; (e) a maximumsignal anplitude is
present during T2; and (f) during the remaining said
pri fidry iTheanetiod asseriteds inyolaim 45y hdreitiest [d8xe t@OSE said at
oughout said primary timng

leaglr P(?]re %%‘ r%lz}/{gzlr Wgtdglrgél%gf rfii?ff%hgﬂ igngth and contain secondary cycles

\ﬂﬁmﬂﬂﬁfﬂﬁﬁﬁhhﬁr ﬁ&ﬁﬁang envel ope with its naxi mum
during T2 and ni mum during Tp. 32. The apparatus as

recited in claim31l, wherein each iteration of the

pri ry%gmnr%% c%cl eis initiated by an external

si ghal ¢ m¢ho @éarﬁﬁlt% ip laiscd4,earhereir Isaidnsetandary cycle
[ d i s ,capabl e of, being

oS RN TR BRI ey M pine, SogSRlEar gl hing the

reladtiodyhip 2l§0°t af, ed 20i,S WHRrek, Qﬁé}‘ bEULitHer Coft Qalﬂr&%%da?g Jiming

reli eve pain, stinulate heali’ng, or 1ncrease
integeals Feftilestn ispthel other, ahemhy el entdsgiinastric Qecondary cycle

C of desiy stances or reduction of
Wlt@aggg’éyzfg?lé té”l?ﬁ@%élf%%‘wg The apparatus -as recited
in claim33, wherein said conductive material
constitutes a plurality of flat bodies of

el d8tri éEﬂeI methoddisaletited ftlaih a4, WwHaéinl i @E@Qic%.}}@i%nal is

bei n |ed d|rectlytothe skin surface.

a
-autog:&glgg’lz;y fleafiar adpreseledted perd@d ofitimeei n sai d

conductlve materl al includes at |east one body of
el ectrical ly-conductive material that is capable of

beb0g ambbirgeihba o8 kiR h! A6SRRRELOHIAN, i S s

36. The apparatus as rec:lte Intc
electgigakiignalie remave nivwhniedousements. | east one body of
el ectrically-conductive material that is

51.  The method as recited in claim 40, wherein a multistep sequencer is
used to help generate said primary timing intervals Ty, T, and so forth, forming

said repeating primary cycle.



capabl e of being inserted into or inplanted within a
human or ani mal body or tlrSﬁ) 37. The apparatus as
aid conductive materi al

i ncl udes at | east one body of electrlcally conducti ve

nat er kal V“FﬁélrﬂetgtSd aQarreqt@d by C#léi TP@"’E%’S;P&W‘&% of said.

el ectrical ly-conductive

madtiste sequericat rﬂe’ﬁe&mﬁ@ﬂﬂl@l E’el&t@d’eﬂ [6RARYCSE \fid tﬁaﬁyat
~include a body of electrlcally cond%%tlve Ilquﬁg lnung

jler¥aisabl e of i nmersion of a human or ani mal body or

tissue, or part thereof. 39. The apparatus as recited

in claim12, wherein said electrical signal is

capabf® of Tiemetodrirb&itbdoin FARILE WiV eitte ﬁﬁ}tfkltept Leflencer is

human or ani mal body, i sol ated ti'ssue or ce

wsgin help g@tﬁaate seidesesgaday tuningrintmvals iglt, hmd o6 derth ! forming

ct ed .pat hogeni ¢ organi sns whi ch may be
- _S%r esf’@g%t aﬁf"éf")’]‘ag for generating an electrical
si gnal for use in bionmedical applications said nethod

conprising: 105 (a) generating at |east four
_rel atSdvel yHeomgthodpas nmt;edt inclagni 38, eWhierelh fe otthuts' 3f said

Thé énd ot hersﬁﬁ; pr esent, rm n? i n succession a
TPERRSR | SRgupRachedejcrayag éhes afivepfangthisy of yseide shemridagy diming
Iﬁtéﬁggency (b) generatl ng at least two relatively - . _
- shorter secondary timng intervals t1, t2 and so o
forth, into which at |east one of said primary tining
intervals is divi ded and which formin succession a

 repeddi ngThe aesthed §s taetted in ety uvhérein daixh glebtricahbignal is
sai d frequency

: d l,e .h f
pRERRCCBY 36 ik Wm&gganﬁpéégqnda% g ehls chave
 affprofiBiayelyithd ghﬁﬁ&‘ésvﬁtdsre'la?l '55 ﬁggr’f‘s a{htrz’ ...)<30

generating a plurality of s
sogp(t) 298 1wec él(Tﬁ’e”ﬂ1+ I BV)e£S20tdca (@22 ﬁfl@beﬁet ﬁftP i, h; 9 €50 msec;
sai d vol tage or current evel s duri ng

| ect
@33R e et - < se)c:a@eﬁéhy FPAEL Gall i OFs Al . ) where (T,
T R e BT O e Dttt andlinde - oo are o defined
- 1n thevspeificatioh d | evel s selected in successi on _ :

t hr oughout thE'COurse of said primary cycle, thereby
formng said -electrical S|gnal and (e) further
rimary intervals, said

| ect '
TS g R TR st

fur

| pnﬁﬁ@y ‘i}{tel%lsel“ ?E a%d;@ Ul.])alﬁg%ﬁ{’ g)? gé}gﬁgﬁnw} e h 1=otF and 7_ : '

“substanti &

S0 ﬁnt/h camd thr&psaid voltageadr Qateht KPé\tellﬁiL}’, ISQYzﬁideL;;, such that (@Ljis a

E substantlally zero (b) L, and L3 have substantlally equal magmmdes but opposne '
poiarltles (©). T, is spent at a constant L;; and (d) Ty, T3 and T4 all contam

secondary timing cycles.

B 57 ‘The mcthod as rec1ted in claun 56, whcreln (a) Tl is the shortest of | _

sa1d pnmary 1ntervals Ty, Ty, T3 and Ty; (b) T; and T, are roughly equal in length;

| (c) T; is longer than elther T, or Ty; and (d) the A.C. amplltude produced by said -
_secondary timing cycle w1thm T2 and T4 is reduccd below that produced by said

. .“secondary tmung cycle w1th1n T3 o
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wherein said electrical signal is capable of being
applied to one or nore of tpg follow ng: human body,
ani mal body, cell culture, tissue culture, food,
liquid, and pharmaceutical materials, and wherein

sai d bionedi cal application conprises pain relief,
atiogn of tissue growth, acceleration of tissue

sti
heaIm'S%rg, Ehe methad asrreeitedoiormdaigr Hiytwhereiac (5tke sdpetitiontate of
: l. i.mr ovenent of, bone heal i ng, inprovenent
ity e T P D Yastedo SRR, i Stamge: R4T0SS Some

bone
poreipaiof ted ranigs Tettn 1AHRYS 500 §LLGE éx‘&?{ & suif itt{jegtil’e%ired application;

swel ling, pronotion of tissue graft survi

a:g),@},ﬁ;q rgpetyiont ates wé sgidasetondany Winiag cystedivithizaT), an aafl T, are
nt of piochem cal  production,

sx@%tﬁﬂgaléh%mal %{gg 3%2121 C SpghReHvesR apprsrimaatebn 1000 Hz and 200

nhanc
kigevitali zati on of organi sns, enhancenent of joint

repair, enhancenent of joint replacenent, enhancenent
of Dbl ood storage, and inprovenent of neurol ogical

con%i ti Ogﬁlﬁ 106 41. The nmethod as recited in claim
Mher dibf 1g{Bod a$ Ecited in elnis 47 dwheieimsaid amplitude reduction

40,
i M ' | d.of id | t .
of 6 S5 10 T KB P 1S4 Sk, St o i

pasj gualght the seldcabe oF a8 Bast bhe saldefdl TRERGIRLY i
Epglncti on having an anplitude whi ch[h?grolres Wi Fﬁé\{e:f?rllg-nng T
whigh 15 pppuseddvsazeithee s oedain cl ai m 41, wherei n: (a)
said electrical signal wthin any given primary
timng interval has both an A.C. and a' DC. anplitude
ei t6®r OfhVMebd R [ Qai S48 AnSti ;
anpli tude i Eh reted i claind ’i‘*#]?éﬁa&?éﬁfdeé\‘}glﬁudﬁe%‘b‘iﬂon

of thersegnal duting I, fandnT 4, helgw ehandiaingf Ta is atHies&EGRAARNe or in
The nmethod as recited in claimA42,

I n cycle.. 4 I ec . _
par}, oy thetys of 2 diffarent said sperndent timaeg aycladpring Tddrah that
hiéR §Oyud . n f said primary timng
e nteré\?gldgbngﬁgﬁ%{:?z §%?ﬂ A. C. . conmponent has a
nonzeroanplitude in at |east one other of said
prizﬁmry timng intervals. 44. The nmethod as recited in
- cl Im '4:'4",h$ e od as rtgﬁat;ejd iniclzls:!m-@ivdlqneihrme geneltrhmdlrwpl_lurality
t as a single vqQltag r current | eve ,
P of LG Ropr of AT REEY TrBot tmteReAs faiin s Gind 50 orth, 3 even

sel éc

- numBEPKI $UHRI eBInBeF Qi'iﬁ:iuga{nqergﬁfsr@,r %t g%@goi@t r\églgr?glzodd

is divided into said Secondaryi
mumber Qarfishid voltage g canedt RoelBIYaLy, Loatd & foho weliotar (HPL,
. b%gt{] of primary interval T2, said secondary cycle
1s supSiaatall #g0a(t Thearemainisg ssidhpokage awbetrieritdeelsd s hLyand

i €=.0r ' rval,, one of _levels LI, L2 and so _ .

so foh it TSV obf bEF ¥t oF Lo bw op GuBiaatatniad paicpeing
equat in mbgniaffé b Qpbekitdin: A(BPT! L.

anpl i tg_ude; (13 pOSSn ERHYY. EPTLR sheifdea 6Bndurt Ly; (@) all
other said primary timing intervals T,, T3 and so forth contain secondary cycles all

. having substantially equal repetition rates; (e) 2 maximum signal amplitude is

present during a primary timing interval Ty, where N preferably equals about

P/2+1; and (f) during the remaining said primary intervals, said signal amplitudes

- increase progressively from T; to Ty going either forward or backward around said

primary timing cycle, thereby approximating a sinusoidal envelope with its

- maximum during Ty and minimum during T,..



interval T3, fourth said primary timng interval T4,
and. each said primary timpng interval T5 T6 and so
forth, if present, nmay either contain a single,
constant voltage or current level in the manner of
Ti, or be subdivided in.the manner of interval T2,
(d) ch said secondary interval or undivided prinmary

i nt ePval Whe Hpethod sisdresitedrainy cleim | 55, herherininig wehsrated any
g L2 and
0

j - VOl .or _current._leyel, from.anon )
“@%ﬁ?‘ogrit;‘%fd/ ‘%’%S(etf‘gm& ‘ﬂée\%aq%&s%tjg angh st iaria fwo sadsecandary
tim@g irBérvaig dherpliahfee j ' Fgnal i

subst anrtviaal ;n i dgnat?i?cal bS(ép‘t%i vvevgﬁé%ng} tS %édt?lglf)eejgil‘ﬁ gﬁgna Ls,
SU_G*I af: g(abTAier substaotially _32230; @fLZTtb'@d {%t hoe ﬁ?ss[ziﬁi@iiaﬂ?dequal
. erejn _said substantially constan
mv%‘?‘ﬂa%% WBEOQQ???%H?@E%WM, primagniterials ara gronpedin theees,
ke : tween +.10.0 an :
o Pl phblhPhinin® Neaf o 880 Ckiq oy SBrham T
T448; antheo dorth, st dpexitiararonstt B, @ngrﬂ]m 56e@ad SH eﬂrﬁﬁ&%ming
. primary timng intervals TA and , having th
‘mg‘é‘fagﬁf‘o‘??& i 14 Broups speh e FTATwhEs cufiBs Jotthecomaipess said
: [ [ .TA i s the second | qngest,
S i Y 1 AR R Lofiihe a0 drciing toathercby
forthing z ysguerebeomaestan@fide aage %gﬁa[ldf%ith}—rh CalRt ORY gz?ld even-
recited, in claim45, wherein a east two of said at
numgered pravary paterealyand @)rthe ithird swid ridadyf @miglinkenglt # each

: 0 i n .se ary. cycles, which also differ in
. Sa@ggo&’g’é gﬁc@l “4@ . ?1?@9 ?Fél ?%ﬁ”ﬁb 15 REPE ab2 canstaivieltage or current
- leveihvehich Qi@ B i ses_gxactly two
O s dros £ Attty ol o ORI 388 Y g e

relationship 2t A < tB S 20t A where tA. may be either
timng intervals while tBis the

of said ,ﬁg:ondﬁr | s ,

" other, t &R} ﬁéisdrwednmaﬁﬁmmﬁﬁj ovheseionther yurmy of €D.C.
' e phetween.66% and 95% 49. The nethod

amphth desMEigho ¥ Ble AR BRliE €100 80w s it ha reoh ghtagaid

elecirical aighahigtchamlel baldeened of f after a presel ected
period of time. 50. The nethod as recited in claimA40,
further conprising filtering said electrical signal
- togpeno unwant ed conponepts. 51. The nethod as ]
- r eg‘ia't edﬁ“ﬁ ‘%‘}Qﬁ?‘ﬁrﬁﬁfﬁm‘%éﬁl glagmbInwhereine(n) saigssnend primary
. timinys @fetv@l REERHOSS ' I timng intervals
i, T2 and so ?or?ﬁ?‘ﬁ’f%@%ﬁﬁ%a@%@r‘%‘ﬁ Frl’é‘_vlﬂ% PrgpYy-zero
- D.C.cyuipéitudeand §8) saih ehive b 'ﬁihgﬁ?tinﬁiﬁgl th@gvdlin €héh §id Leroup has

wher.ei B he outputs of said
-an opposite D.C. amplitude, causing said electrical signal to be substantially

- charge-balanced.,

| 65.  The method as recited in claim 62, wherein said second and third
primary timing intervals within at least one of said groups of three have opposite

- polarities from those in at least one other of said groups of three.

- 66.  The method as recited in claim 62, wherein (a) at least one of said

.. third primary timing intervals, within at least one of said groups of three, and

_ fqmling an equalizing pulse, isl too short to fully achieve charge balance; and (b)



St

mul ti step sequencer determine the relative | engths of
said primary timng interv . 53. The nethod as
recited in claim4l, wherein mul ti step sequencer is
used to help generate sai d secondary timng interval S
Icharge e HERN i ati ng secpndar "
cycl gg I*Shdc egé&nrlgm ?élg Oq‘r%{léﬁgcf &Rrggg e{versal
-tbhevmtap lﬂast colfe Gfa;ladi seovhd pHERPy ti Pi&Ohls dﬁ{cﬁ.{t%&@ one other
Ee r.el atlve Ien%ﬁgs of said secondary tim ng
fafl Segond prigeary fimeng iiteryalsawithe saié grups of diree.40,
mhereln said electrical signal is periodic and in
whi ch said primary and secondary timng intervals have
- appr ok7.nmat Thy nidtbodTRg HeéiudE R {5’ 62 AheRh P i
sec < (TI, T2i ....) <30 sec; (b) 200 sec < ?ca#% ¢ ¥F said
§CCSD@LZE§€%‘V tieyng igesats, <w1tl(1m11at i&st one )of<sa1c5(grmsps: ;of three,

' é(gﬁtz)uﬁs ﬁggeong%%/atlmmg SYCI‘%/\HE?@ r%}eAtltlonrr@te glffﬁl‘&) fror(mthaq-@..at least
one other dfAaiddedond timary é ﬁté .) and (tx, E 6 The
e e

t,,.... are as defi ne speC| f| cation.

net hod as reC| ted in cl al m55 wherei n are generated

four g |d intervals Tli T2, -T3 and T4, a -

pl ur al g&ﬂgﬁéé'%@&lrly G ﬁﬂeﬁo’aﬁ@hﬂ comprising the selection

’ |
T Y G S Bl S i 14 g i
: 11uIEr\aiEd vbBag“eaUIECt&b&)ﬁtl@nils iiir'ah infRaNbE ﬂl@?@ sBUls to n;%roduee

§ pol ariti.es; is spent at "a consta
apy o élﬁ’ f?'é‘)Y of she Eﬂscﬁlﬁ@ﬂ srgnels pireashyt deisaribek apodldemand.
timng cycles. -57. The nethod as recited in claimb56,
wherein: (a) Tl is the shortest of said primary

i nt eg9al s Thk, lﬂ'éihoa_ 3asa"i@c1-f€d inbkialfh 39 wﬁ iﬁgéjg?ele’ctmn

equal in length; (c) is |l onger than ei
compriggsd (r’()dghetdie:tﬂcz@ mgmrﬂlast nd:dfteqb ri@d‘)laimdﬁwarﬁﬁ(lﬂ the electrical

# - ondar.y t.i cle within T2 and T4 is reduced
Slﬁ@@&\ﬁﬁ??‘lé‘@ nl:f’d‘%é% by said secondary timng cycle

W thin T3, 109 58. The nethod as recited in claimb57,
wherein: (a) - the repetition rate of said primry

timTy cyThemetodos réaité®h cIGRAUONUPHRIH Qid éfesgigfgﬁ ﬁgnal is

acrqQss sone -portion of the range from1l Hz

apeHogdicdard t B avhieh t $aéd dprinany andp Iseeaidaon ;timigd iftejvalhehave

€C ary ti.mng cyc.

*appffinatel o by s S0 ol BORTR (b D isBky el Toek -0 <30
) B e e I L he B 2 R =t ’Q\ge?ggéo msee,

(d)séude(aﬁrﬂtaﬁ‘tb&de. r)edlﬂbjTQnmd (e) (tx, (S .~ 2(t +t|,+ . ), where T;.

- ‘may be arbltrarlly long, and where (T, Ts, . . L), (T2+T3+ < 1.Ta, (t,, ts 0. )y

- V(ta+tb+ .)and (t, t,, . . . ) are as defined in the specification.

- 71.  The method as recxted in claim 70, whereln are; generated any'

" number P of said pnmary timing mtervals TI, T, Ty and so forth, an even number

Sof sald secpndary timing intervals t;, t,, t; and so forth, and an odd number Q of

. Seid 'voltage or current ‘le\_rel_s' L, Lz, L; and so- forth, .such that: (a) L; is’

substantially zero; (b) the remainiﬁg seid voltage and current levels L,, ‘L3 and so

g ,.'fo'rth form at leas_t'_ene pair such as LX,-_LY; the lijembers, of _Ea_ch-eaid pair being =



of the signal during T2 and T4, below that during T3,
is achieved, in whole or in part t hrough t he
sel ection of at |east one salld vol tage or current

| evel duri ng T3 whi ch i's not used dur| ng elther T2 or
m 57, whe

"Diher Isakiqmmmttnﬂughﬂ@rv'ﬁlls T, T %ﬁﬁ‘ 'SSY@I% cb aiﬁhs%k&nm kcles all

gart t hrough the use of a different sald secon
AYHA gsueytéméalbu eqwy regetitionratémi(e) whinakinnsmusigehl damplitgde is

r 1, The,nethad. as recited in claim
BtesOfidulef: ha (ff furibdgpd aelﬁanam $3q) brimagy injervalsaaid signal
hmplitudes gedrehse rp'ré@éé’sﬁéi?\ﬁ@l ti  Hin @é@ggéﬁg}?ﬂmff& rﬂ%ﬁlgg cycle,

so forth, an even nunber

f@yvappgoxlmatmg an axpnrﬂemxalljmfetﬁmngmhve fgd{i«ttgniﬂ@’gﬁéxxmum
and so

&%ﬁ&%fald vol.t a e or current |evels LI,

dyge Ty i s substantially zero; (b)
The renalnlng sald vol tage and current levels L2, L3
and so forth format |east one pair such as Lx, Ly,

t he ri@’rberﬁleome&mdhass sdoite@ahrcldigi N9, wagHah dabh 1terat10n of the
na tude but opposite in polarity; (c) Ti is spent at

. DUy BimiRg cyele 1§ bﬂltlﬂiﬁd bY@ﬂﬁé&rwlStgmh mary tining
- |nterval s T2, T3 and so forth contain secondary cycl.es
~all - having substantially equal repetition rates; (e)

a maﬂBmJnﬂ%bﬂﬂétho@'i@'rééﬂéﬁ‘%n'%nﬁﬁ@h@ﬂére §dl@%le%tr1cal rsgnai is .

primary timng interval TN ere era

Ceftsble of peingl applietl bf) cahduttige umemaanw Blhlgn@rﬁloﬁ animal body,
i gnal _anplitudes- increase

d
‘SBH(%%&?E}% Ie\r)‘tére{}e FBWY%?tIOt whivke @émn gtisyuiate rherbingapninprease cell
" mRasbYisind %l%ﬁﬁoﬁaﬁﬁ‘fera{ gepg%dil%woﬁ e Qeglrlé&rﬁ}ggmes or

-appr oxi rTHtI ng a. Y nusm

reducmmgoﬂ'mmMabtenuMamdéyrl ng T1. 110 62. The. nethod
. as recited in c¢claimb55, wherein are generated any

nunber of said primary ti mng. intervals T,, T2, T3 and

so gy dse r nter al's t, and

t2, and th l?é(/e@e &SJB?I?GQS‘E‘ %‘?“Httrj?mrvglgﬁreﬁ gonductiye material
coagtituted, a éﬂwﬁﬁtﬁ B@tﬂat(@()dlgsi | 5%1@6%3?&13’“&6@@&5 %[egglb)that is

L2 and L3 have substanti magni
capihle of beingapplied directlyatucthé skinpuiifase.y i nterval s are

grouped in threes, wherein (1) the first said prlnary
timng interval in each said. group, such as T,,

T7 3grd SQ‘hg%%tﬁ?T% ?5 % &%ﬁ% cﬁaiuﬁt e’ir,\yv Sétrq%ﬁts@ﬁ@nélg?ﬂave material .l

second sai

inciudesmt Ieasﬂbmsbd'(fy of%ﬂecﬁ@ca@l?dco?ﬂuf:ﬁi}é Blat&(i’zﬂt t@ﬂa{‘f’s %ﬂ)able of
- sai-d . seeondary timng cyclé alternating betwe .
-' be‘&&ﬁpﬁbefi to atigsuesutfare ather thanttheskiny . f or ni ng ‘a squar e-
or rectangul ar-wave signal wthin each such said even- °
~nunbered primary interval; and (3) the third said

CPriv&ry Theuidh
2,981 LR TACRKRL R, SAEALH oY
: Iﬂchﬂdﬁs agéeast one rbcceiyt of electncally—conductlve matenal that is capable of
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- 83, | The method as recited in claim 40 wherein the method may be used
to relieve pain, improve sensation, or improve neural function due to one or more
of the following: trauma, surgery, nerve irritation, muscle spasm, trapped nerves,
compressed nerves, diabetic neuropathy, peripheral neuropathy, autonomic
neuropathy, peripheral vascular disease, plantar fasciitis, low back pain, patella

- femoral pain. .
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wherein said biomedical application comprises pain relief, stimulation of
tissue 'growth, acceleration of tissue healing, stimulation of bone growth,
acceleration of bone healing, improvement of bone healing, improvement of bone
density, reduction of tissug inflammation, repair of tissue damage, reduction of
tissue swelling, promotion of tissue graft survival, promotion of tissue graft
survival, modification of blood flow, enhancement of biochemical production,

- enhancernent . of. tissue biochemical production, devi_talization' .of organisms,
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77. The method as recited in claim 73, wherein said
conductive materi al includeﬁ at | east one body of

el ectrically-conductive nate Pa wholly or partially
imersed in an electrically- conductive l'iquid. 113
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4 | r used in bi
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cycl'e having at |east -four

enhancement of tissue blochemlcal production, devxtahzatlon -of orgamsms
R ,-enhancement of JOIl'lt repair, enhancement of joint replacement enhancement of

~ blood storage, and l_mprovem_ent of neurological conditions.

- 92. The apparatus as recited in claim I wherem the electncal 51gnal ‘



primary timng intervals, and (b) nmeans for generating-
a repeating secondary cycle . fornmed by dividing at

| east one of said primry ti]nligng intervals into a
Ieast two secondary timng intervals, the secondary

secon d%g\ﬂeﬁg uﬁevaﬁf %‘I‘P%%/%Qﬁ A \“érag ﬁiﬁgheﬁ%ﬂjregé' t‘gﬁi"@}’? and

ry interv
pisleadiont aadividwMihiegvaA, substantial |y constant vol t age
or current level, the whole of the primary interval

not di vi ded ‘havi ng a subst antially constant voltage or
y, timng

i orva s b oapdRths R 4R a4l vhef i dsoral Yignal

intervals n

gaﬂemtemtmmbhsesmaﬁ@ﬁ‘oﬁﬁlc@ ?ﬁsin%eat %a%t:wr@ %#aﬂ@hg intervals

hr oughout t he course of any one repeti

Al 17g e@)Z@r(élntQm@lra@ldrthma|hmg1‘bfraqmﬂlcyaﬂ1teamﬁ i cation

conprises pain relief, stinmulation of tissue growh,

- acceleration of tissue healing, stinmulation of bone

growtdy,  apieehSiA4th9Rs %ml?éﬂ? ﬁb Eiga?n' ggﬁlg{:r??? ﬂ]reeéigcgkp]cgln signal

bone heal i ng, |nprovenent
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ue swel | j ng pronoti on of tissue -
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" nodi fication of blood fl ow, enhancerent of bi ochem cal
-production, ‘- enhancement of tissue biocheni cal
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of joint repair, enhancenment of joint replacenment

- EQRaiRd epmRTisesta wayeform sompaiging adehst aighbpemant timing intervals
' ond S. 89. The apparatus as :
- ORI 0 el ndieVien guieatiensuinieBRBed oa

reci
applications further conprise treatnent of rotator

cuff injury, treatnent of osteoarthritis, treatnent _
of c%f.pal Theiappiratgnair revited 9A. cling IMeHeRsh aBe &b e signal

ms 40 or 85 wherein said bionedical

- ge&ﬁﬁ%?cﬁ% QIBHEES 4 PRKeiormgasnTising atleastcten poimarnyttaning intervals
t t t {
B H et CEEF SRR plio§ R RE 4 it it FeGieney oimigrval,
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| an@@(ﬁtmplﬁgy ffeigﬁg& s pad by di vi di ng at] Iengtt\%le of

said prirm ng I nterval.s .into.at
secondary timng intervals, the secondary cycle
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-98. - The épparatu_s as recited in claim 1 wherein the electrical signal

" generated compﬁscs a waveform comprising at-least six primary timing intervals
: that include a first zero in_teryal, a first high frequency interval, followed by a first -
~undivided interval followed by a second zero interval, followed by a second high

' frequency interval and a second undivided interval.
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" an equalizing pulse to

one of the primary timng intervals not divided being

suhspantial l'y charge bal ance
the electrical signal throughout the course of any one
repetition of the primary cycle, wherein said

bi omedi cal application conprises pain relief,

stinmulation of tissue growth, acceleration of tissue

heal¥*hg, She appasetusres wtittbme ofgiowtl hwhemir ehee bhtirival aignal

' [P i_nprqvenent af. bone heal i ng, inprovemnent
elphfed El A o YRV U EDmao g8 ATt b AR D8 intervels
thateprludeoh firss RERAE, eIy b3S :

swel ling, pr ofrzgﬁ)i gn of e;,t féslgﬁ‘?agpgf%q{sratr H@a:ﬁ,%quency interval
followerdbby esearind: dess interynbfdilovadroui o sdcondbititf freqicney imbrval,

bl ood fl ow, enhancenent of biochem cal production,

enhancenent of tissue biochem cal production,

deviipel i [ f 15S . enpancenent ,of .joint, .

r epai ? ggltﬁa%ggrr?gn?sog%%j%gi ﬁfdraé@ Jgge Sy Wehelrctsical signal
gengratet) lcoaprsto s agmef@itdcomnprisivg ¥ MasOfive ?Hfrﬁh@ fhfiRg intervals
. conditions. . 92. The apparatus as recited i'n claim1l
m%%? Rernatesy de fallopvad byi aypburalityef digh Sdquenepaind et least one
undieeh 9% nprising at least five primary timng

Interval's 119 including a zero interval, followed by

a plurality of high frequency intervals, and at | east

one, undi vi ded interval. 93. The apparatus as recited

i n Wlai nThe wpeshed rast iceited du talaioald0sivgoadin thersatie signal

I ses.a waveform conprjsing at |east four prinary
gen fﬁ%‘fn%m.ﬁmeﬁvaawgvefﬁﬁatco IS(REAteass foun primpylimingiintervals
thattihélage Al WeMeinkddt ; pparatus as

recitggzgﬁ)%%§?n1l dﬁ%?éﬁ%yﬁﬁgugﬁﬁgP%?§£€ si gna
generated conprises a waveform conprising at |east
prigary timng intervals that include a zero

f our
| ntl02y aiThentethad a5 Hegted i glaine 40 whereumithe cbsSirich esignal

B S B 4 ST B L s

si gna

that iredsde £zgotinfRVATRhY thicBihith | E(?@én\é liSterddi@t i ncl udegg

zero interval and seven high frequency Intervals.

The apparatus as recited in claim1l wherein the
rises a waveform

| rical si i F. ed
cot o e Bieath as ek whin (40w hereim bl oleptical fsignal
' ' ' f ol l d. b first.
geneﬁz_& i k!?l%pﬁséd 4 avéforf do?ﬁ;ﬁ{q% fxtol\%%at_eg%ﬁ é)rg%%’%ﬁldﬁl?f Sgrlgtervals

i gh frequency interva

 that inaluele\eatero aimtdrval a6 sevébnltiigh fofeeMSaYeriAlt e val

followed by a third zero interval and a third high
frequency interval followed by a fourth zero interval

F0E 2 3ts eltofay SR et herpine hoclegtical signal
genetafddeEoBprises a waveform comprising at least ten primary timing intervals
that include a first zero interval, followed by a first high frequency interval,
followed..by a second zero interval, and a second high frequency interval followed
by a third zero interval and a third high frequency interval followed by a fourth
zero interval and a fourth high frequency interval followed by a fifth zero interval
and a fifth high frequency intorval,
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97. The apparatus as recited in claimLwherein the
el ectrical signal generateggﬁonprises a wavef orm
conprising at |east six pri y timng intervals that
include a zero interval, and five high frequency
intervegss. : S;.a inted in clai . .
hhor oo, AR ré%?‘?’idig‘io%scﬁggeﬁéfl aa%ﬁ%‘é)avﬁar%%? efRstricat signal
Benazhtod woupnipes & iwagefvim eatprisihg aPIdasBdiy prinrYiming intervals
hp e%¥%E§ that include a first zero interval, a first

e rsie intenvale pyd five high Goguenpy interfvalsst
undi vi ded interval followed by a second zero interval,
foll owed by a second high frequency interval and a

secontlandiTh daethodtRr Malted 18 X1aigP 40T®ﬁer|%ﬁpﬁ£@qéétr?c§1 signal

recited in claim1 wherein the electrical signa
FAVE G BUMPIASA Q@Sef_artmwmmmg:?mas}tsﬁyﬁ grintary eiasibg intervals
r tim. i nterval s at include a first

‘f?g%cﬁ‘ﬁ At zerp Pl ﬁgﬁ?hlahi é%queﬁﬂg Hterval deliesyed by a first
undlivddsdintedy 8l foPoRdd &% ' |l oved, .
by a second high fre u%ﬁcy ?%&%\%&vﬁqmﬂé’\?ﬁ%gﬁeﬂ%ﬁm high
feequencst intsgvaland lassecontDundieided intehal.el ect ri cal si gnal
generated conprises a waveform conprising at |east

five primary timng intervals including a zero

i nt engal , .nl.ur al j i gh freqyenc .
and at | eaﬁl;f__tRJ g%\élﬁguﬁ%irg?l ed{n! ﬁ{a@év@ A ) tﬁaﬁgeli.ﬁg{lﬁ%ldmgnal
generatedicoagrises € haivefot oesaing hRa! 1661 plicaly 8L intervals
}f%gner ated conprises a waveform conprising at ‘| east
thah Jpclyde i figstt zaxp rigtervale follbwed thawn first|hige fequemoy interval

' hr ee_hi equenpcy intervals. 102. The
fd%@tg’%[%i zf's,&ﬁ‘%%ﬁ9 fug ‘P%fgﬂqﬁ’ﬂ?‘gég Bk 8serand IHgL dreguengycigferval.
signal generated conprises a waveform conprising at
| east four primary timng intervals that include a
zer ol (&t gl appathtus ks erebitgh ifi redsine 90y vitivreinY tleSusekOSE said
The et hod af rec}te jn claim40 wherein the
APPREALS Gauelest grept said plectricalisigaals ito be gereratedef or m
conprising at least eight primary timng intervals
that include a zero interval and seven high frequency
i nt di0Pal sThd Gpparkhies B irBEkE S (cBfint 69 ‘ugleféiﬁ't‘ﬁbd'&er of said
wherein the electrical signal generated conprises a
app#eBrsanselsniresfisgiceletteinst sigrals fir bepeneratedi ng
-intervals that include a first zero interval,
followed by a first high frequency interval, followed
by a1gec it £ . d.a.seeond.high {requengy .
TS PBRRafRL R FRited Bl oRUD HE MOl ghiy P 2 aia

i nterval fol Z€ro i

~ apparaiug cin sledtromewfisaid dledteicalaligh0l foeskdRyatad f our t h

zero interval and a fourth high frequency interval
followed by a fifth zero interval and a fifth high

fregpencyThObEhYdts ¢ Fecited in claim 94, wherein the user of said

apparatus can select one of said electrical signals to be generated.

112, The apparatus as recited in claim 95; wherein the user of said

apparatus can select one of said electrical signals to be generated.

113. The apparatus as recited in claim 96, wherein the user of said

apparatus can select one of said electrical signals to be gener_ated.-
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105. The nethod as recited in claim40 wherein the
el ectrical signal generateqrgonprlses a waveform
conprising at least six prinmary timng intervals that
include a zero interval, and five high frequency
intervals. 106. The nethod as recited in claim40  --
mhereln the electrical signal generated conprises a
wav ek ld: m Thgpppaing e recdt insclaimpr 9awhetdimithe user of said
rst zero interval, a first

aHPg}gaIf&S\f/ ‘?%39&&?@9'1? hf %‘fys Cmica1 fighals e generated.

undi vided interval followed by a second zero interval,
foll owed by a second high frequency interval and a
s ec ddd urithey appatatust & vaited 1iR7 claitheggTeivhekimshe @eért 8f said
a|n14§ vx;herej_lo‘;‘a he el ectri cal S|gnal ener at ed
R il elespcakiigrplato begeneratedir pri mary
t|n1ng intervals that include a first zero interval
followed by a first high frequency interval followed
by a second zero interval followed by a second high
frequency interval. 108. The apparatus as recited in
claim99, wherein the user of said apparatus can
sel ect one of said electrical signals to be generated.
109. The apparatus as recited in claim92, wherein the
user of said apparatus can select one of said
el ectrical signals to be generated. 110. The apparatus
as recited in claim93, wherein the user of said
apparatus can select one of said electrical signals to
be generated. 111. The apparatus as recited in claim
94, wherein the user of said apparatus can sel ect one

‘of said electrical signals to be generated. 112. The

apparatus as recited in claim95; wherein the user of
said apparatus can select one of said electrica

-signals to be generated. 113. The apparatus as recited

in claim96, wherein the user of said apparatus can
sel ect one of said electrical signals to be generated.
122 - 114. The apparatus as recited in claim?97,
wherein the user of said apparatus can sel ect one of
said electrical signals to be generated. 115. The

.apparatus as recited in claim98, wherein the user of

said apparatus can select one of said electrica

signals to be generated.



