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{57) Abstract: An apparatus and method for generating an electrical signal for use in biomedical applications, including two timing
~~ blocks for generating ming intervals T ;- T » an interconnection block for combining these intervals into an output signal having
==, predetermined relationships among the intervals, an output block for transmitting the output signal to a load, and, optionally, a filter
for removing unwanted frequency components from the output signal and an adjustment block for selecting from among a plurality of
O outpnt signals with predetermined characteristics. The output is a repeating succession of a burst of rectangnlar waves, an equalizing
pulse (if needed) to cancel net DC bias in applications for which it is not desired, and arest period of no signal. In applications where
net DC bias is desired, the equalizing pulse may be omitied and the remaining signal features superimposed on a DC potential.




pul se- (if needed) to cancel net DC bias in applications for which it is not
desired, and a rest period of no signal. In applications #hdasch2¥6 DC bi as
is desired, the equalizing pulse may be omtted and the renaining signal
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suffer 25 broken bones every year, with many of these cases i nvolving
multiple fractures. In a young, healthy patient, many fractures need to be
imobilized in a cast for six weeks or nore. Even after the cast is
renoved, the patient's activities are frequently restricted until the

heal ed bone regains its full strength. In the elderly, in persons with
poor health or malnutrition, in patients with nultiple fractures, or in
patients with conditions that inpact healing processes, 30 fractures heal
nore slowy. In some cases, the fractures do not heal at all, resulting in
the )




condi ti ons known as "nonuni on" or "nonunion fracture" which sonetines
persists for a lifetime. As a result, an estimated quartédMaeh3dq
person-years of productivity are lost in the United States due to bone
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regains its full strength. In the elderly, in persons with poor health or malnutrition, in

patients with multiple fractures, or in patients with conditions that impact healing processes,
30 fractures heal more slowly. In some cases, the fractures do not heal at all, resulting in the
conditions known as "nonunion" or "nonunion fracture" which sometimes persists for a
lifetime. ‘
As a result, an estimated quarter-million person-years of productivity are lost in the
United States due to bone fractures alone. Similar statistics can be generated not only for
35 other classes of traumatic injury. but also for chronic conditions such as osteoarthritis,
osteoporosis, diabetic and decubitus ulcers, damaged ligaments, tendonitis, and repetitive
stress injuries (including the conditions commonly known as "tennis elbow" and carpal tunnel
syndrome).
Since the 1960s, it has been increasingly recognized that the human body generates a '
40 host of low-level electric signals as a result of injury, stress and other factors; that these
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: heal i ng waveform on a short time scale, a line 24 (Fig. lB) represents the same waveform on a
30 longer time scale, levels 26 and 28 represent two different characteristic values of voltage or
- current, and intervals 30, 32, 34 and 36 represent the fiming between specific transitions.
Levels 26 and 28 are usvally selected so that, when averaged over a full cycle of the
waveform, there is no net DC component. In real-world apphcat:ons waveform 20 is
typically modified in that all voltages or currents decay exponentially toward some
35  intermediate level between levels 26 and 28, with a decay time constant usually on the order
~ of interval 34. The result is represented by a line 38 (Fig. 1C). |
In a typical commercially-available device for treating fracture nonunions, interval 30
is about 200 psec, interval 32 about 30 psec, interval 34 about 5 msec, and interval 36 about
60 msec. Altemate repetition of intervals 30 and 32 generates pulse bursts 40, each of the
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while conventional TENS can block pain perception with a relatively strong signal, much as a
Jjamming signal blocks radio communication, it can also lead to progressively worsening

injury since the pain's warning function has also been defeated.
The important factors for most healing applications appears to be that the high-
30 frequency signal appears in bursts, separated by intervals of quiet or no signal, and that the
waveform within these buists is itself asymmetric. Results appear to be better when
frequency components above about 50 KHz are filtered out, giving fransition times on the
order of five psec. Tests using sine waves, square waves, frequencies above about 50 KHz,
or waveforms generally resembling that in Fig. 1 but with duty cycles approaching 50% or

35  with excessively fast or slow rise times, have shown much lower effectiveness at otherwise-

comparable power levels.




4,895, 154, Bartelt. at al. describe a device for stinulating enhanced

heal ing of soft tissue wounds that includes a plurality 06
generators for generating output pulses. The intensity, polarity, and rate
of .the output ul ses can be varied via a series of control knobs or 25 .
swi t ches onVPH¥%¥3%nt panel of the device. Gu, et al. (UPST/UYP/26890018, 525)
show an apparatus that generates a pul $e train made up of bursts having
the sane wi dth, wh is made up of a plurality of pulses of a

ere each burst
specific frequdffey d‘f'%ﬁ‘%‘ W@%@relﬁlwﬁ‘uﬁ“%@‘?ﬂqvﬁs fie gvailehle theensumers apfhe next ;
t he frequemdicalgfrofetsivmalslprodRinignnamg diffebint &hvef@ins mgﬁlg%hﬂmlst&ufcﬁfredt(brt Ee
next corr r ul,ses._ i ac
bur st Th?m@?g@ﬂﬁé bl ‘E’%ﬁ% Uete) 18 51 Sa AP Sy oRorg °8yéfr” o8t he
bursts is %%YVA’E@HEW yavefomy as bigh-Treusgcy pulsep withing 1w—fmuen5y aryelogatend r el at es

to a portabbeainednt tinvehéding apichii@g) @h;l@ﬁ@lﬁr%q&nwﬂwﬁbef&%%@h%ﬂ far
speci fically SRRt oured constant current and current-limted waveform

includinga carrier frequency with at |east two | ow frequency nodul ations.
The 35 carri er Efeetagph stiayiation ip widgbeysed in 660 baling-zpplisations.c -Heesy Petypfsky
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stimul ati ens5-Jsamedeet ers (pol ari ty and pul se par aneters) in order to achieve
the desired re data is smtted in the form of
a nodul ated si ?ﬁ% %‘d (g@ga]\?or er vvav S%W@\e a’b?@’&fﬂ Hrﬂffaﬁ’ﬂiﬁ'FﬂB’ e

nmodi fi ed hymane %n%ﬁéuet withnpalsert ediosimauensy cificterhagpeticandintors  Thel appdrabes r ode

| npedafnce geddpind @GRES pllsds: haNﬁ adieqhency 90 )- WO ML DGt ?O(p-rl@%lf@“‘?% @ePUl s€

eneratln s s where | § u -|nte val's out put
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provide aff f&epﬁgﬁ‘? P oy i 'Ssa%ﬁtéfr%ﬁ'?{’g ﬁ%fs?ﬂpﬁws aawaaféfeaa{lasweptuww.@ pul ses
for tHer aprswe fiker pmmﬂaimsandﬁmgt @ pame tufor gzeiyelsateasatmem(gmaided By biphasii st i ng

of "succesgije trﬂﬁé hvif a Ha8® SumbBebE nddAfved Hlad % Eﬂﬁs@s)p alllg @5 194,

oPPOST (e RAEILL i 105 SFRHL H4EobIh sobuling ekt e ok e s
are i ndepVenld@ntthqt inchirdes b [phuralitg DO sighal  $doeiStord\Nfor Bndr@thg3dput : mildBQWSTHRN
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by ap,Fy yi r\‘fﬁtcﬁesl ocljml t[lee f%nltggln% ofp he ewce suitaple ' '
' Gu, etal, (U.S. No. 5,018,525) show an apparatus that generates a pulse train made

up of bursts having the same width, where each burst is made up of a plurality of pulses of a

specific frequency. The number of pulses varies from one burst to the next; the frequency of

the pulses in each burst varies from one burst to the next cormresponding to the variation in the

30 number of pulses in each burst. The pulses have a frequency of 230-280 KHz; the duty

cycle of the bursts is between 0.33% and 5.0%. '

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 at least two low-frequency modulations. The

35 carrier frequency is beiween 1-100,000 KHz; square-wave or rectangular-wave modulating
frequencies are 0.01~-199 KHz and 0.1-100 KHz. Duty cycles may vary, but are typically -
- 50%, 50%, and 75% for the three wavefonms




20 transformer. Landauer (U.S. No. 3,294,092) discloses an apparatus that
produces electrical currents for counteracting nuscle at b’fﬁi‘,’h%{@ects due
to poor nutrition, renoving exudates, and mnimzing the formation of
adhesi ons. The anEI i tude of the output signals is variable. Kronberg (U S.
No. 5,217, 0¥993/§3665 413,596, U.S. No. 6,011,994, U S. NECT/UB®/%5W21, 119,
and U. S appl I cation Serial No. 0919355007 (Filed 08/21/2001), all
incorporated herein by reference) describes signal generators for

bi omedi cal applBodenksortssueTsgmgleiver @L&r sNo.praeis4puimkidess iagn dhahablé,ng

fixed and ygdiab8 ﬁﬂé?l/ért Mﬁelmﬂldni‘agﬂ eléléjﬁ{)kl«?sb | eFheal@ é&?e&h be! ﬁ&ﬁh\%&\%& s, and

(in some cases])l (g @F‘ ) desi
t r anscut arfESRMES (f"fctP'bd‘é'H t‘°§’t F"r’rﬁtl"a‘fl"l't%rfi {fergmtn eytrng\; %dihﬁ‘gesﬂ'"?l@tlpéf are
wi del y av giataaiotees. (pEtantyeamTphlse pBandtys), incordad to Géhidve tNO deshed! Sebpdifa®,) thei scl ose
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devi ces that ectro I'n Connect or < provide
a binary d’b%&'éa"ffﬁ%%‘cst%“‘ffsféﬂb? wodits FMSH@IS@M&{%@WW!G@&%@%MWmvé i's
bei ng usecletodeiimpeidasece mat ching and carrier frequency adjust mant The

carrier freque c, AD ; er uenc 35
typically on t EIBXdel @?5 %i 0@%@%&% deg&%ﬁg% %&H‘gﬁa@l‘sopu Ee"e Wdes a
devi ce whéy¥en Wé‘e'@éPer P'@F Pﬁmdéémi ?L@qw@wel; heoRHipu Phlses aseficfiaed by giganiey |

i nt ensift y froand fludagesal loakfidqtande gemstitiont diR0itaAbes CHO Phik Q| ;ﬂ&l!QYSet@of

m or 08" 00 SRy IR BRI R S TIR < BehipiRe SOERE v S chea
to the el S¥PHgtRYeforsae vadale-at the treatment site to provide nore
efficient eneHgyng-Lanefab(U.9.iNs 3.986,748). pré¥iisSan Moparatus #6g eﬂ;&@t}no%lﬁb@ses an

el ectroni parat hﬁj ar at us . gener at es
a out put find ﬁfé @a?’g%?ﬁh% ﬁﬁﬁfﬁ &%nccg'?fgiifs zf%fgw%s F"%tggw yapal

nonsy et CPERHNG BlySEICETIHE NS ( essiz¥y heagnbie puises ofoehsh geir are oBapiiosite , et

al . (U.S. pblasitica. Ofh3, B2udde 86HidNe iR 1ﬁfeﬁfﬁpB€t\ﬁEéﬁﬁlerpv39§15F &t par, dgMitke t hat
gener ot o L e AT e Bl S B g™ o el 1Y
a device with My aDenaldy (W-Ssi Yyoral3, 539,870) Osteomvst amg:l&oflo:burrmlsde ofimslaformutichw t h

waxi ng angdrodadel NG RIF1 bithetRs K& & I & S{o! S a
fixed ﬁergren%age (gf t he larrpl(:mt"ﬂtlj\,ge of )?hpﬁgﬁrgstﬂ&?lgﬁg&?{agﬁges {losg;él#p |‘e|t ude-

nodul a?r prevent the adaptation response in patients. .
Mol i na-'Negro, lemdaer (ULB.SNoNG.2%4,092) disgidpesdius Glpparatus thae | pereliseds Celevartoie

stinul ati @frenfd @y @Bntb@EarRahRclE Slrdph ? defd&s HRMS 56 onpﬁlﬁl%{ﬁleﬁem%vlm’gg&%{eﬁ for a

rectangul ar, si 15 repetition rate antd w

[ ectanau Sla e e b Sadesion d?hemhyﬂe phthe B aieads rvazable

pseudo- r andom Krenkerg ¢U.5 Nechal, QODnNopéréilGﬂ%,amﬂs ddlol 6@y 99f, Ulse dognal is
| nhi bb% edeE9Y,11®, and U.S. application Serial No. 09/935,007 (Filed 08/21/2001), all incorporated

herein by reference) describes signal generators for biomedical applications. The generators

produce pulsed signals having fixed and variable amplitude, fixed, variable, and swept

frequencies, and (in some cases) optional DC biasing.
' Units designed for use in transcutaneous electroneural stimulation ("TENS") for pain
30  relief are widely available. For example, Bastyr, et al. (U.S. No. 5,487.759) disclose a
battery-powered device that can be used with different types of support devices that hold the
electrode pads in position. Keyed connectors provide a binary code that is used to determing
what type of support device is being used for impedance matching and carrier frequency
adjustment. The carrier frequency is about 2.5-3.0 KHz; the therapeufic frequency is

35  typically on the order of 2-100 Hz.

Kolen (U.S. No. 5,350,414) provides a device where the carrier pulse frequency,
modulation pulse frequency, intensity. and frequency/amplitude modulation are controlled by
a microprocessor. The device includes a pulse modulation scheme where the carrier




third, pseudo-random period of tinme. This protocol is said to substantially

elimnate adaptation of nerve cells to the stinulation. BlMaeh2@Q6 5

(U S. No. 4,431,000) show a transcutaneous nerve stinmulator for 20

treati ng aphasi as and ot her neurol ogi cal | y-based speech and | anguage _

i npai r ment sYOPA@1S8¢eyi ce uses a pseudorandom pul se gener REBUSHHH6Poduce an

irregul ar pul se train conposed of trapezoidal, nonophasic pul ses which

m mc typical physiological wave forms (such as the brain alpha rhythm. A
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action potent Ballg; et de (UiSt pNb. #4a6,060)Cshosan thascilnt®d RalWaiRilaor Y990 Hz.
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are turne e ode n ne gr.o ar e sai 0 be prevente
Il Llp*fséi‘ﬁﬁ’?-e%Seﬂ@@fg&w@gz&?eﬁg6?&6@%&e&?’e%f"fwgéﬁ"ﬁcg BobEntial
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result in proportionately greater recruitment of nerve fibers due to the nonlinear relationship
bétween pulse width and threshold. :

30 The Kosugi, et al. system (U.S. No. 4,338,945) generates pulses that fluctuate in
accordance with the I/f rule. That is, the spectral density of the fluctuation varies inversely
with the frequency: pleasant stimuli often have stochastic fluctuations governed by this rule.
The system produces an irregular pulse train said to promote paﬂént comfort during the
stimulation.

35 Signal generators are also used in hearing prostheses. For example, McDermott's
receiver/stimulator (U.S. No. 4,947,844) generates a series of short spaced current pulses,
with between-pulse intervals of zero current having a duration longer than that of each spaced
pulse. The waveform of the stimulus current includes a series of these spaced pulses of one




.of electrodes or entire electronic packages, or on inductive coupling
through the. skin. The need for surgery and bi oconpati bl 80 Marer?6s in the
one case, and excessive circuit conplexJ;y and i nput power in the other,
has kept the price of npbst such apparat (apart from TENS devices)
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apparatus for générating a ectrical
appl i cat iaphdnpus apwesinghapthendag kept thatpnlc@a tﬂOISbsucllt apparagus (apait Jedns TANS 4,
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conblnlng ﬁld timng intervals |nto an el ectrical si gnal having an
anplltud ccording to a second aspect of the invention, there is provided

an appar at us
DISCLOSURE OF THE INVENTION

2 According to its major aspects and broadly stated, the present invention is an
apparatus and method for generating an electrical signal for use in biomedical appli-cationé.
The signal includes an asymmetrical, biphasic wave form consisting of intermittent bursts of
quasi-rectangular waves, based on at least four timing intervals T,—T,: more preferably, the
30. signal is based on seven timing intervals T —T,. The apparatus includes a first timing block
for generating timing intervals T, and T, ; a second timing block for generating timing intervals
T; and T, (the timing blocks also generate intervals Ty; Tg, and T, if present); an
. interconnection block™ for combining these intervals into an output signal having
predetenmned relationships among the intervals; an output block for transmitting the output
35 signal to a load (such as tissue being treated with the apparatus); a battery pack; and.
optionally, a filter for removing unwanted frequency components from the output signal; and
an adjustment block for selecting from among a plurality of output signals with predetermined
characteristics. The signal has a first amplitude fevel 1, during intervals T,, T;, and T, a
second level L, during intervals T, and T,, and a third level L during mterval T where L,

40 falls in the range between L; and L; inclusive. ‘




for generating an electrical signal for use in bionedical applications,

sai d signal based on at least four tinming intervals TI-T40Mathi2¥par at us
conprising: a first timng block for generating a first timng interval TI
and a second timng interval T2; a second timng block for generating a
third timng interval T3 and a fourtlfa timng interval T4, said intervals
Tl -T4 having approximately the relationships (a) (2 x T2)< T1 < (20 x T2),
(b) 50 sec < (El.&; s T4 <_
500 nsec; and a%orlalrll1 e%ca;ﬁll%g%?’i%ﬁ&bt%({:r&)e%ap%fa e{r'%%c. ﬁ%@%?gg%g%%%segésai d
first angerssgimghn eléatien) signalcfos e Womedicalopphettionsrraldl sigial bageBioni ng sai d
i nterval = F4: € L C sai d i nterconnection bl ock
for generag}i}sﬁg(ﬂlarrtlﬁﬂg p%?glgﬁp%sﬁkﬂ?@g%gﬁfoﬁﬁ}rfgﬁl\%l s T1-T4, said out put

si gnal  havi ngnmansafop|geherdéng 2GetMofl gHe®0 6@ bnidgdntediahg T -0, ssaidniimthgaspect  of
the i nve{'nttérggis h%ﬁgég 'rﬁxﬂa?éﬁ%ﬁl%dreﬁtiggs hposd for generating an electrical
signal, said fretho nprising: generating at least four timng intervals
T1-T4 having appr ofd) fakdh) The(20neTas i onships (a) (2 x T2)<_ Tt _< (20 x

T2), (b) 50 sec <_,f + T2)..< 0 c, (c) T3 ?(10 x TI), and (d) 0<_
T4 < 500 nsec; an@)ggﬁﬁf’?‘l%rﬁ ‘Egg)dgg?@e*ﬁﬁé:c’i ntervals into an el ectri cal
signal having an a@!l;tudex Ayaaddi ng to a fourth aspect of the invention,

there is provided appar s conprising: a neans for placing at |east
one electrically c@@u%ff%gbﬁmc’iaﬁgcont act with skin of a human or ani nal

and appl yi ng mesyv ik @ombfing 6difl aBEing intétklsSiRto &P cleb@icll G644 hadihkYan
conductive hody, wherein the waveform conprises a first Interval wherein
t he wavef§PHUs held substantially at zero polarity interspersed with a
second interval wherein the waveform conprises a burst of pul ses, the
burst of pul ses alternating between opposite polarities, the waveform at
each pol arit yARearing ta agiesend enpesiofdhe tvantion, dhre ds peovided snapppatusy

oL PRGBS Rl At onc
on at least four timing intervals T;-Tg, said apparatus comprising:
a first timing block for generating a first timing interval Ty and a second timing
interval Ty;
a second timing block for generating a third timing interval T; and a fourth
timing interval Ty, said intervals T-T, having approximately the relationships
(@) 2xT)<T <20 x Ty,
(b) 50 psec < (T; + T) < 5000 psec,
(c) T32(10x Ty), and
(d) 0 £ T4 £ 500 msec; and
an interconnection block operably connected between said first and second
-timing blocks, said interconnection block combining said intervals T;-T4; and

means operably connected to said interconnection block for generating an

output signal with said intervals T;-Ty, said output signal having an amplitude,




The apparatus is |ightweight, conpact, self-contained, cost-effective to
manuf acture and maintain, and convenient to carry or weaf0MarckxWnded
periods. It is safe for unsupervised home use w thout the need for special
training, and able to generate the above- described out put signal and '
deliver it efficiently through condug},i ve pads making direct 5 contact with
the load. Since only |low voltages and currents are used, the apparatus does
not pose a shock .hazard even in case .of nmalfunction, .Power i rni shed by
Comact and - PRESHRRERyS U Rorted T dBvpriigns URaanavtcharyeBod B

sever al yeeksingfanusetriclhsighflpaiidinethod@ymbeisiuged to provide in vivo,

custom zabl e el ectrotherapeytic . treatnen or, hﬁnan and api rTBl:y ﬂlati ents,

i ncl udi ng but SHSTAtHE: 8k deast (fou fimings dnierrafiediniTaghaving JpproxEralelyote rel i ef
of acut erédtidnbhipgi ¢ pain, and relief of swelling and/or inflammation. Since
isolated cells or tissue cultures can also be affected by

el ectrot her apeuti c(%%éf%}ﬂlsﬁzé}dﬁrspri ate electrical stinmuli have been
observed to nodify ) saé e3TPE TORL bodBLRRO! i sm  secretion, and
replication), the apparatus nmay al so be used for in vitro applications. In
contrast to TENS-t {Pd3gd¥P&es). afli ch are ai med at bl ocking pain inpulses in

the nervous 15 sysggm<ihes Hﬁ%@ta?'la operates at a signal level which is
bel ow the normal hurman threshold” Tevel: nost users do not experience any

sensati on dur Fegbiningseiddiiningpatervalsrioin aa ebqcin sigard dyreiag engmppiudei ousl y

exi sting pain. The apparatus is believed to operate directly at the
treatnent site by enhancing the rel ease of chem cal factors such as

cyt oki nes which are involved in cellular responses to various

.physi ol ogi cal it i l 4 S-1.0 d0Cr, - 0, w and
inhibits furt ﬁg‘?&mn | OTE ot BpfcE R e i Bt AERAGE B propflla A0 ADaaRY: 209
body' s i pdmaprentg: heal i ng processes. The output signal is an inportant
feature of th [ ' ' ' .m based on
at | oast t our & AARE P P e HiSe P UnaRk Rt By ol ENER LT B0

25 (a) (ekahyeTh of 20RARInd dpphile pyewemni Bf veltage)orcufaiGo Meedect(icillyT3z- -
(10xT) ( ndaénébx?ﬁ)g nsec 30 where the signal has a first anplitude |evel LI
during interval ’and a second anplitude level L2 during intervals T. and
T4, wher e i nt whereinsthd waanfibrl. coalptiessia fiest tifitewelgihéreitiethe stava@drm andeldwher e
interval g,T3 4 als | ternate. re preferabl the waveformis based
on sevena{bf’fﬁ’lmﬁ%g’i %ﬁgﬁv%qq?q*;Irﬁﬁ?eWt% ﬁrsg(émdcﬂ"tﬁvg'?’ ng’m’é‘n%l?i“f%gfé) "Pevel s as
descri becbmrizeea biltbicoftpuliis) thel buks b piises btw@atirgiptwech wpp @ity poliatities, Bis

followng (5l at L1 g, 60,4 2) (2T (LSl 20TD). () 3, FSSop™ * T2

waveform, the first interval being longer than the second interval.




20 March 2006 WD 03/015866 PCTI US02126590 9 (e) 0T5-5 T, f) 0sT6sT1 (Q)
Os T7 :5 500 msec (h) 5 nsec s (T3 + T4 + T7) 5 500 nsec B0Margh 2f erred
enbodi nent of the inventi on, interval T. includes the follow ng sequence:

an interval T5, followed by at | east one pair of intervals (T,, T2) and.
then by an WAO¥PISE T6. The timing intervals and anplit P& ®Y are

vari abl e, providing an output signal thgt can be adjusted for a w de range
of therapeutic applications. 10 The apparatus for generating the signal is

anot her i npor t afihe ippatatusds Bhtréightp t@sgit, self%ﬂﬂhéd?ﬂost—?ﬂ&u?@ﬁaﬁﬁtﬂa%ﬂr@d udes

timng blog tar bl.e | ti vi br.

generati ng ﬁé%ﬂn@ %térgfl\]/lg B §an§rf 8?3%? f%-oﬁ glgfae/(y’eggdtst hfﬁ % FFS © PF st
timng bl OHRS"B%‘W{SF%'I‘%““ ‘Esﬁé?”@@'éfé‘ﬁd‘e?q far spechsl taikinghand agle to lgeneiae e eboveect i on
bl ock. Thedeqoﬁberdamwlmt FWgnal aed delienit eiméﬂabaltﬁﬂ)ug{ e&iﬁu&th@t paBD3RIGS bifpee USer

t I t t I T2
2o ur a1 ¢ SRR R 0P SHESb Yol botBR £ cfden usegnﬁmegBﬁ%ﬁéﬁwoef a
anpl i t ude a@ﬁepm hocle fagazd guen3n crasy of makfmﬂalbl yPOWtehes furpisksidt byo noopnveeh any

two of | evﬁieSpehswe batesgicelidg F@ﬁce‘mdﬁ?&ﬂy oﬁcb"ﬁ?se‘?&ﬂﬁ&éﬂgo egreater than
appr oxi mat el y

lLred, ,the ar at us e a waveform
wherein all gﬁmﬁav&?@ bae%gs t?oQKBYl 1, Vi Lfé‘s% zaly @P‘i‘i@@ﬁ%&“‘bet ween
L, and L2. trffaﬁn@mf@r lwappa and pnivey) P@i!enﬁagﬂchldmgtiulten}uabceSwnlbﬂmnwﬂctotleuigO decay
t akes po aCﬁ:c!éthfaﬁo reliEf 6T 26 @96 ARnidid,
Thus, the 138 uct@mﬁ a I s.adj usctriﬂ:ﬁl gﬁcﬁgﬁ%ﬁs ﬁ%&gﬁmﬁ l{ %m%e
suit the nSeg: SIIIS P S“f'ﬁd?‘%‘ o be Sftecte e3b W@Fﬂt&pm&i" QHmson.
Anot her fe@PmmEﬂa@‘:f elecmcabsméhhava pganobserved o trivdifp tieviaks @f coll meribelisml T7,
during whi $Bretibi)ta84 "fﬁﬂﬁbﬁkﬁ Eﬁﬂﬁnﬂrmépﬂ&? BE us&V &lr 1‘13&';&& aﬂ{lﬁﬁtﬁﬂi&ed[nt o the

e mni.m zes t of

| oad rat her
energy whi é’ﬁ&?sztopigﬁgﬁfp&#ef%est H"é“ﬂho% a’f’?ﬂéﬁ g% ing paigdmgulsssgn the BAYAW with
t he appar avstsip, therappagatthoperatessi k nignalrievel which ebolevwe thefuiotna? himiess tifesholdt i | |

anot her  aafek! nddf udehCapuESERtinEY fYl bafadod &‘Hﬁgf&&'}ﬂ%" %aﬁﬁ oY G,

f requenci % ve a. se]:yect ed | evel freqtencl es
hi ghest on grcflsﬁtlgr?ﬁvb‘?’l‘é | SFISHRS, BBt aPP"l“Bt“% Fseéfthé"eé tﬂé&’ﬁliﬂ@ddlch%gﬁ ﬂlﬂon
profil e ortreatnept sitednt enhavangd dreemkcesebgf eecinkealn fctoky glehfasegeskiey waficts mgnal

sources. 19%1@8@%&1&1&1: %Foﬁs&é foSariGEY Rﬂgggf glr 1 con Hb'xﬁt ﬁ%ot%&lllt%?ﬂ gﬁteg%ﬁt“ abl e

resi stor t contr ol sour cé
devi ceZ%t hgﬁo"\ﬁgﬁ% 2, ipbghiis F iflamation @b e tigatment, aite; fhesehyf enharging the ons,
at t enuat esodyls pnhereﬁir]reaﬂugrpr@cemmponent S above about 50 KHz (or ot her

sel ected frequgy \i gLence th c i ani ng by
external radi ? e aﬁéﬁ ng)ﬁank%é meﬁé?st\éyﬂnvpg%qnuﬁ@eg?tp% Arigsent
i nvent i on 4v@vefern g SIF a E?éﬁ oy Wﬂ@lﬂﬁﬁrmﬁ—?ohag@ﬁéh@@@wmg rejationships:

25 @ 2xT,)<T, <(20xT,)
(b) 50 psec = (T, + T,) < 5000 psec
() T,=(10xT)
{d) T, =500 msec

30 where the signal has a first amplitude level L, during interval T, and a seéond amplitude level
L, during intervals T, and T,, where intervals T, and T, alternate through interval T, and
where intervals T, and T, also alternate.

More preferably, the waveform is based on seven timing intervals T,~T., with three
different amplitude levels as described above. The timing intervals have, approximately, the

35  following relationships:

(@) 2xT,)=T,<(20xT,)
(b) 50 psec = (T, + T,) = 5000 psec
(© T,=(10xT,)

40 (d) 0=T,=<500msec .




waveforns that can be conbi ned to produce an out put waveform havi n%

sel ected characteristics. In a preferred enbodi ment of tReMasge?dbon, one
of two timng blocks is controlled, by the other. that is, the output of
the second block is "on" or '{off" dependi ng on whet her the out put of the
first bl ockVPNIHE or "high," respectively. This resul PETUR02865%0r cui t- 20
March 2006 WD 03/ 015866 PCT/ US02/ 265909 10 that generates an out put signal
whose characteristics-frequency, duty cycle, anplitude- can be determ ned
over a wi de range bg)theTpamyicul ar sel ection of conponents. Two such
circuits wth outp 0%’9”@]1"5 havi ng appropriatel y-sel ected characteristics
can be conbined to g’ c¥ "the desired output waveform with tining
intervals Ti througt®) ¥ TwisfRO als%rprl singly sinple 5 overall circuit

configuration. AﬂOt(h@l‘S;h&%d{l’[F-}-qf 4 psgo(eﬁagd@t i nvehtion is the use of
conventd onal , readily-availab | ow- vol tage batteries as a power source

for the appanakiisg hbk eﬁth:ﬁ mcﬂ,\ﬁe&g.g& R f%&iﬁ&g me%{)@v Ag fgﬁ%&csf nating

current) po r sour ces ﬁ_
battery pdWeralietfolipsd ‘?Ye*’c!llFéﬁ@ﬂ?PPéf@u"f@Véﬁﬁmﬁ)gm then by Iﬂ%lféPm%Ffat ke but
al so adds tinting insereadf sidyariflinfdedeeisge @inabree plovidi RALIGHY sighal @iag 6dnNge

t t t. b I d at f t
reat men fl-ﬁl(tgdﬁ?%ﬂﬁder&ﬁh%vo?ﬂ}efaﬁédﬁﬁﬁ go e replaced at infrequen

[ nterval S ce every few weeks, depending on the
out put!Osi gnal Ehﬂjaﬂ%u}ﬁafpf eensrating shertignehisi anather impopntigatrg op e pregent
conpl i ancénwfson. Gle appagitusaidt tiMbhg bRSksS(such 8 RSP bY dstable HultBitRibis) cal

I n ur|e5| r r,at S cted.to AC
I |Jne curr ent éﬁﬁnﬁ%eu@g% gagz&aﬂhgﬁa?eébggc&% Q’E %\?5';'1{’ E&ég ﬂn&ocggggtrﬂ%t 15
‘generate ﬂhﬂe&?ﬁ@ﬂcﬂlﬂﬁg Ibldels throngh thnamreonnecmom epkar Thei dpphiatus miayrinchdel 3 | ow
power | evelriichifUlbckaBat chbiled ﬂﬁuiséreld sklectFrops! ‘dﬁﬁn% RNERRY bf aikth VaRES of ar e

a I| to . th d Thu ener a n el ectrigcal

S hock TRy ks & . dhuyleh Bt 9 RS fcRRRRs 4 % ré@%wu fit' of

i nvent i on ampligdg Ctllalbll bvdﬂbh—tll-s}s%mw@@blyhdwﬂrausaon Btwedn anp ordef levadabur e of
the presenkronghVeHab @Reda tﬁﬁescoumabl keladelY thad BSpr&RMRE eum‘r Off §diRed, 40

P hing. | neRrRGY rogigs ame#rmé%wawﬁwm e?%%eés i Gk Jischer D)
t hr ough L 3ntermediato betwreerbbvand Iti dlehis carayl, may pomdyiout dé fefet ent,, veag ghd o
di f f epgnt déeag Rikbs ;515&%@1%&@ coﬁs%n@ndjléﬁseﬂﬁ?a vﬁrﬁﬂﬁ%tegofo Paesaf‘ AppysSigghal with

t h
2", "itpraie ubbBeltin Ba8 Sl Sl P hetoednet e RdpEieL. 25 an

appar at us ugdr tibd thepamitjulas picationut put signal is useful for, a greater variety
of . appii catl oRfuhed RIS el ﬁvénh&ﬁfé R bRYsion P éxﬁtma]%, fiiod Hfen e Cal

pr of essi onal SP‘gB prefer rator havin Flxe an. out put
that is adjtrepdias ?EOI’B cflﬁe i u*'dérese?tﬁ‘i‘ to W%fﬁﬂ@ﬁ@aﬁi@” lﬁ"i’/eltl-he i his
pati e@fs. fdamrmmnazdsmhh ammint of erletpg whishein iprasented toaheiRad (suetnassisklcheig  Si gnal

for a gi V%thélmhltﬁ%%ﬁgava %]gmqlé(ﬂ{ %Etw‘ééﬁe@ﬂseg)uﬁé’pad to sel ect one

of a plura s not Yet anot her
feature of t heg“élrf@ﬁ@ﬁ*t fePtHVe‘Pft‘ih?)ﬂfeP@t quéﬂtBPBl ip jtips, fiktey, which blcks frequendiesput

si gnal above a selected level (i.e., frequencies greater than the highest ones intentionally generated),

‘Jﬂ_)

to create a desired tramsition profile or to prevent interference by external high-frequency

30. signal sources. For example, the filter may include a shunt capacitance, a resistor network, a

~ voltage-controlled current source, or other suitable device that simultaneously slows and

controls the rate of transitions, attenuates output frequency components above about 50 KHz

(or other selected frequency), and prevents interference with circuit functioning by external
radio-frequency signals.

35 Yet another feature of the present invention is the use of dual timing blocks o generate
waveforms that can be combined to produce an output waveform having selected
characteristics. In a preferred embodiment of the invention, one of two timing blocks is
controlled by the other: that is, the output of the second block is "on" or "off" depending on
whether the output of the first block is "low" or "high," respectively. This results in a circuit




after a predetermned treatnent duration, to reverse the polarity of the
signal at predetermined intervals, or both. An optional 29 Maigh I ce
allows the user to thereby custom ze the treatnent for the individual
‘patient. 35 O her features and- advantages of the present invention will be
apparent toVPN8E3&Ki|led in the art froma careful readCRESeH265He Best
Modes for Carrying Qut the Invention pigsented bel ow and acconpani ed by

t he drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 March 2006 WD 03/ 015866

- PCT/ us]gz/ 2A65tQ@nerdtds mptphmgfaam@g&h?ﬁétg&ﬁcslﬁfl@m@hc},lﬁﬁem@, ﬁita.@ﬁ&a%é_ccaw ews of
a wavef or Iy in on a.shqrt and.a.] ong
time scal emeu(?egeg%dggc{ %ié%mg&%%); .h%a}sﬁﬁ@%s@ﬁ%&?ﬁwn%% 2?‘8? s‘fcﬁgrﬁbﬁ{?ef orm
of Fig. 11With oytpys sigpals haxirg epppviatelyrsaleciedbehaanteristies canchetqombined to produce

0st eopor osthé desfrédoutgut Wavelorss; MaikRIniSg Mbtepisf, thoadd 1Y vﬁ{hfaeﬁﬁpr}éﬁmglyséhﬂgél

i ntensisty (;v?}%ﬁl il ?P'ﬁ u'r:'tﬁn 4 illustrates a waveform accordingto
preferred e odiment ot Re present invention; 10 Figs. 5A-F illustrates
speci fi c embodi/nethesfeairetaf dhasprossfioinmentitn [si the use; ofFiogvenonal, madilyaedilableagr am
of an appapaivéRa@bamidi G powed sttir& RF URGpRIRAT WBAL tRfindelifon REFEHEN:d
|nvent|on;wiﬁ]|5g q%lana% 8 Sh%‘f} an as%/)mret r‘é@} sc#&%ator circuit "and dual
asymet ri ¢ o521 PRFRAHNE cprredl Power sontess ( ;3}1,“' fon i 47y ’il’g%!%? a%apfeth ¢ he
appar at us teftergipgwergiot aidy mileces thesiro and weightof tik apparatds, etalsb addsgo dusabety by a

parti qol arn@reaedbmMEBtionh fahd RIREsiAE Weathbnt™| Bypibilly FtHSbardfhs rhdd t@Bd 12
bl ocks, and a _voltage K sw_tching

Bl ock_and s R ganch Bkt Sleatsraly e e e Sy FOEIGon BB EF Labl ¢
Wi th the theppepubsigesl ofid e gartioylarz@plidaton), | Smphfymg pefieatredripdiandeamd eddueinpai r  of
out put  wavgkafifFostl Bhe pelsibility bt blodtits ; iéegfré&’ilg‘ré’éﬂ%d? is?&éﬂ@ g&%}&@qg levels
are adjusted so as, t roduce .stron I rect turrent I gha
conmponent ,J‘O'F?(ﬁ'.neci% kS Mé“eaﬁ"}rrﬁtftt R ey dossdiohProfuderfilel Yol egesy ayd 8’?35 Moy, 12,
desi giéd fzemergefrenandiesiikelpfo infdiee semgriailar dibriffatign, Dhly Bw pavgr 16v618, diohl ad 6B
L 5 5" Bt g e SHOBRE bl b Sl AR g 1)
per i odi cal°f3PoF BYdice é’&le]‘g‘ﬁ?ﬂa]aﬁhf’?l&h%ﬁid@ﬁmi ig the| eyent ofi o medfuegtion’a s @ resplt, the
presel ect éuvehtbmgs suitatile for eadupemised Bomb dseg. 18 shows an al ternati ve form of
~the circuit of g %&%régune%?ﬁie%gntfimen@&lqgritg‘R/Lrgﬂi!ity. The compoilents 6f .'the
20  apparatus are selected 5o as to produce an output waveform with selectable timing intervals T,

through T, and output voltage (or current) levels L, through L;. 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 component. Similarly, as shown in Fig.

3, different effects may appear at different current densities.
25 An apparatus with an adjustable output signal is useful for a greater variety of

- applications than one having a fixed output; on the other hand, medical professionals may

prefer a generator having a fixed output, or an output that is adjustable only in magnitude, for

outpatient use by their patients. In one embodiment of the invention, the user can select a

signal for a given application by turning a dial or using a keypad to select one of a plurality of
30  the available signals noted above. '

Yet another feature of the present invention is the ability to turn off the output signal

after a predetermined treatment duration, to reverse the polarity of the signal at predetermined

intervals, or both. An optional timing device allows the user to thereby customize the

treatment for the individual patient,
35 Other features and advaniages of the present invention will be apparent to those skilled

in the art from a careful reading of the Best Modes for Carrying Out the Invention presented

below and accompanied by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS




‘30 of wavefornms such as those of Figs. 15 and 16. BEST MODES FOR CARRYI NG
QUT THE I NVENTION In the foll ow ng description of best nod@dMarel Q9§rry| ng
out the invention, reference 35 nunerals are used to identify structural
el enents, portions of el enents; surfaces.-or areas in the draw ngs, as such
el enent s, p‘BPt”?Bﬁ% surfaces or areas may be further des®CIBSeR/ZE0
explained by the entire witten speciflicati on. For consistency, whenever
the sane nuneral is wused in different drawings, it indicates the sane

el ement, portion, surface or area as when first used.. Unless otherw se

i ndi cat ed, thehmhadxawg}!gsare intended to be read toget her with the 40

speci fication, @d 1ATRAUB B8 «ERABCEAE & PRIVFRR B i SiBMbtidei¥hird t €N
descriptign of t é%@’b‘f”‘ 2006, WO 03 @5866 PCT/ USO02/ 26590~ 12 I nvention
as requir Eia opg Bme scale, LESPECHYYi n the terms "hori zontal , "
"verti éal, " IFEE ﬂC'Shmwsgmmpdlf ¢d fporm of thowayeforasofifég.| 1Bas adj ectival and

adver bi al derllﬂ?gtwmstmﬁv%ﬁimuaﬁ ﬁftheeeanh&%of@skeawﬁs orientation of the
illustrated st %ureﬁ ar}lsaﬁu a& ravvjng ﬂgéthe reader. 5
The present i n Bnt 1HHe @%ﬁ"’&ﬁﬁ& 08 KT V§, Sign l‘l“f‘“' S 4IPHEY®E oel ectri c
stinul ation inFe. 4vilinitatey aofavafophiacadirdiogso a Tireraplpemiaidimseny efi ahieapresent

Wa?/ef orm ﬂ@v‘éﬁdﬁ appr oxi mat el ]}/ rect anggl I’il’ or quasirectangul ar, asyn’me';]ri C
pu se repeat a osen fre uen e o appr 50 KHz Wi t
frequ Aci es ab %ﬁgg ii’F?}g ?qtq S%Emnﬁ%\ﬁe , different
cut - of f - f r equeRigl 6% mdyckaliapganhef anpharhihs aéEbﬂﬁg tp lalpsﬁerredmnémduﬂent dfuhst s

whi ch 10 'k?&m[eﬂ%ﬁ are repeated at a | ower frequency. The characteristics
of the waletormare ~variable to suit differi ng applications_ or target
tissues to be Figedt28d3 shew fp ppympretieaeiiatos gircuit and pefuahayygipetrioegsell] P'P’hg now
to Fig. Acirbuigrespectivedy)buth baingasableavith ti®appaams of Fig. 6;:0 a preferred

Seven'bim ng 54 SrRERER bl gt WARerolly BBl Do it BhSppy oyt 72, DS

respectlvwwﬂﬁrﬁ H@bee | evels of voltage or current 1,,- 1,3, i ndi cated as
| evel s 76a- 76CFigiid, a1] endei2 dh&wlﬁpmwmp;ﬂﬁ DEINGF ah@gealdckslamd F@tagd, it

houl d b t h ti
wih r oopU RSB Whlr b oSochileg MG ééexﬂ‘%aé N LT L P
T2)T1 s (2eparatoBDf Fig.19:) 50 psec(T1l + T2) s 5000 psec (c¢) T3z(10xTO ( d ) T
4 1 526e) 0 s Fig. 13 isGisdtheRatlOidw of Hpailbf ohputlwakfRs ec

Fig. 14 illustrates 2 waveform wherein the voltage levels are adjusted so as to produce

a strong direct current (DC) signal component;
Fig. 15 shows an alternative form of the circuitry of Fig. 12, designed for generation
of the signal of Fig. 14; :
25 Fig. 16A and 16B illustrate a waveform with a DC component which is reversed in
polarity at selected intervals;
Fig. 17 illustrates a waveform with a DC component and periodically reversed
-polarity which is also turned off after a preselected iength of treatment; and
Fig. 18 shows an alternative form of the circuit of Figure 11, designed for generation
30 of waveforms such as those of Figs. 15 and 16.

BEST MODES FOR CARRYING OUT THE INVENTION

In the following description of best modes for carrying out the invention, reference

35 numerals are used to identify structural elements, portions of elements, surfaces or areas in
the drawings, as such elements, portions, surfaces or areas may be further described or
explained by the entire written specification. For consistency, whenever the same numeral is

used in different drawings, it indicates the same element, portion, surface or area as when

first used. Unless otherwise indicated, the drawings are intended to be read together with the

40  specification, and are to be considered a portion of the entire written description of this




(h) 5 nsec s (T3 + T4 + T-7):5 500 nsec That is, interval 74a (Tl) is

bet ween 2-20 times, preferably about seven tithes, as | ong0Mactadldont er val
74b (T2), corresponding to duty cycles between about.5% and 33% The sum of
Tl and T. lies. in the approximate range of 50-5000 psec. Intervals 74e .
(T3) anawD4$/0158666) range fromzero to-T1l in length. |reEUS@ReSBEC (T3) 1S
at least approximately ten tines intgrval 74a (T,). The sumof 74c-(T3),
74d (T4) and 74g (T,) lies in the range from5 nsee to 500 cosec, and is
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Subj ect'[?%l' rm}té‘s', "Pcoﬁé’f"r“ ‘?ﬁ‘é’eﬂ agAdicsHel apd %ﬁ"z}“hgﬂ gﬂ‘feﬁfﬂ‘eﬁ?f RIrtorg and T.
may eacthe kedatiee angutidtion @f tthe illustoitaddstragtumessothe padiewlaradrawihi fipnck fﬁcesftbe m an

alter nalte%&g cycle T1, T2, T1, T2. and so forth, representing opposite
phases of a_rect angul ar . wave whose frequency Iles in the range from about
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- That is, interval 74a (T,) is between 220 times, preferably about seven times, as long
30  asinterval 74b (T,), corresponding to duty cycles between about 5% and 33%. The sum of
' T, and T, lies.in the approximate range of 50-5000 !jnsec. Intervals 7de (T5) and 74f (T,)
range from zero to'T, in length. Interval 74c (T,) is at least approximately ten times interval
74a (T,). The sum of 74c'(T), 74d (T,) and 74g (T,) lies in the range from 5 msec to 500
msec, and is preferably about 70 msec. (It sfxould be understood that these ranges are
35 - approximate; values of T,-T, outside these ranges rmay also be useful.) Subject to these
constraints, any one or combination of ‘T4,‘ Ts;, Tg, and T, may each have any length,
~ including zero.

Intervals T, and T, form an altemnating cycle T,, T,, T,, T, and so forth, representing
opposite phases of a rectangular wave whose frequency lies in the range from about 200
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about 5%, and the decay may be considered substantially complete. For a transition between

voltage or current levels, this decay preferably takes place in about 15 psec or one-half of T,,
whichever is shorter.
A major point of difference between the waveforms of Fig. 4 and Fig. 1 is the
30 inclusion of output interval T, (74g), during which intermediate voltage or current level L,
(764d) is presented to the output or to the tissue being treated rather than low level L, (76b).
The purpose of this change is to minimize the amount of energy which is presented to the
material being treated during this resting interval between pulse bursts.
Reference to line 38 in Fig. 1, for example, shows that a significant amount of charge
35  remains on output capacitors or other filtering devices, and decays exponentially during
inferval 36 between pulse bursts. In Fig. 4, in contrést, interval T, (74d) defines a negativé
"equalizing" pulse at voltage or current level L, which substantially neutralizes any charge left
on such devices. Once such neutralization has taken place, transition is made to level L, (76¢)
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The optimum treatment protocol depends on a number of factors, including the condition
béing treated and the time available for treatment. It will be apparent that specific
30 embodiments of the general waveform 70 in addition to those shown in Figs. 5A~F are
within the spirit of the present invention. ‘ |
The above-described waveform may be configured to be "charge-balanced,” that is,
the interaction of T,-T, and L,—L,, causes the summed current over an arbitrarily long period
of treatment to be zero or thereabouts, since the charge leaving an electrode during all periods
35  of negative current equals the charge which enters it over all periods of positive current. In
such a charge balanced case, there is no DC component and the signal consists of
substantially pure AC. Charge may be balanced, for example, either by placing DC-blocking
capacitors in the output path, or by setting L, to zero, L, and L, equal but with opposite
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resistor, resistor network or vol ontro
can be generated with an apparatus such as apparatus 90, shown in block diagram form in

Fig. 6. Apparatus 90 includes a first timing block 92 which generates a succession of
intervals T, and T,, and optionally also T and Tg; a second timing block 94 which generates a
succession of intervals T, and optionally also T, and T,; an interconnection block 96 which
30  combines the signals from blocks 92 and 94 so that the succession of intervals T, and T,
appears only during infervals T; a voltage or current switch 98 ‘which generates an output
signal at usable intensity; an optional adjustment block 100 for modifying the signal timing
and intensity (i.e., amplitude); a filter 102 which removes unwanted signal components and
preferably also sets transition and decay time constants; a connection block 104 which passes
35  the signal out to a load 106 (cell culture, tissue, organism or part thereof, etc.); and a power
~ supply 108 which provides energy as needed to enable the other components of apparatus 90

to perform their functions.
When present, adjustment block 100 may provide the capability of selecting from
among a plurality of alternative, paired values of intervals T, and T,, of intervals T, and T,
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repeating biphasic output with no net DC content into a quasi-monophasic output with controlled DC

content (as may be desirable for some wound-healing applications), I rectification is used, a

30  switch may also be provided by which rectification may be turned on or off as may be needed

for a specific case or phase of treatment, With rectification, it may be convenient to eliminate

interval T,, or to set output levels L, and L, relatively close fogether.

Blocks 92, 94, 96, 98, 100, 102, 104, 108 of Fig. 6 may be implemented in any of a

wide variety of ways. For example, timing blocks 92 and 94 may both be astable

35 muliivibrators whose outputs are further processed by digital logic, constituting
interconnection block 96, in approximately the manner which was described in U.S. Patent -

No. 5,217,009 (incorporated herein by reference). Alternatively, timing block 92 may be an

astable multivibrator with timing block 94 then derived from block 92 digitally, for example,

by a frequency-divider chain. Timing blocks 92 and 94 may both be derived digitally from a
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outputs against a fixed potential, yields a peak-to-peak output voltage of neatly twice the

supply voltage.
With a diode 130 connected as shown, and-neglecting nonideal behavior of circuit
components:
25
T1=11xR;C,
T,=(1.1x C)/(1/Ry + 1/R2),
F=1](T1+T2), and
D=T, /(T +T,)
30

where T is the "high" output period of waveform 124a, T, its "low" output period, R; the
value of resistor 128a, Ry that of resistor 128b, C that of capacitor 126, F the oscillation
frequency and D the duty cycle, provided that Rs, the value of fesistor 128c, is large
compared with Ry and Rp. For waveform 124b, T; and T, are reversed. Tj and T, are also
35 reversed in both waveforms if the polarity of diode 130 is reversed.

Suijtable values for these components may be found by first specifying a practical
nonpolarized capacitor value typical]y in the range from about 100 pF to about 1 uF;
calculating R and Ry from the equations
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Two such coupled CMOS oscillators can also be used to geperate the equalizing pulse
of interval T,. More preferably, the two complementary outputs of the higher-frequency
30  oscillator are buffered and transformed by an added, mixed analog and digital stage so that
they generate output voltage or current level I, when in one set of opposite logic states,
another voltage or current level L, when in the opposite set, and a third level L, when, at the
end of interval T,, both outputs are brought to like logic states.
In a preferred embodiment, apparatus 90 generates a plurality of specific waveforms
35 aimed at various biomedical applications, including but not necessarily limited to fracture
healing, pain relief, and osteoporosis treatment. For example, a particular embodiment of
apparatus 90 may generate the six waveforms illustrated in Fig. 9, in any of a plurality of
user-selectable intensities. Here, waveforms 150, 152, and 154 are pulse-burst type




equi val ents of waveforns 150, 152, and 154, respectively, differing from
themchiefly in that T4 and T7 are in each case are set £ ?lbmo%n
exanple of a set of timng intervals for the 5 wavefornms of Fig. 9 is
given in Table 1. Table 1. Timng intervals for waveforns 150, 152, 154, -
156, 158, aKAWPEP0 15 (Fig. 9). Timing Interval * Wavef SFRUF2ROSPBTATS T6T7
- 150200301035054 15620030- 0500 15260073203150 -54 15860070- 0150 -0
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at the end of & &wval T3. Hence, no attenpt is made to define 30 T6 beyond
what has already been given. Intervals T3, T4 and T7 have the sane val ues
for alld three pul se-burst wavef or nFimiignteral¥ cont i nuous wavef or s,

interval T. ispyn@efd ned while T4 ang T7 age both zerog Intefvals T, and
T2 are selected so that, fdr a pdlse-bérst t§ype, watefornf eacH burst may

be divided ei ttier—Tmto approxi - n") as in
wavef orm 35 150, approximately 15-32 pul ses ("nmedi um nodul ation”) as in
wavef orm 152, or 1¥Hpproxi n08ly 3¥ 72 pfd ses 3" hi gi¥Cnodul-ati onf4 as in
wavef ge m 154. Thesgsanme valyggs ofggintervals Ji angpT2 are useg in the
correspondi ng cont i nuous pul se-train waveforpns. To_ conpensate for variable
ti ssue cross-sectifons to Ot reaf®d orldiffeti ng Hﬂi mal” curt®ent densities
of various tissue®8 presew6ldnten® ties-for edch wiskeform nmay e provi ded as
40 shown in Tabl gs2. 20 Mpgggh 249§ WO @3/ 015866 Pggd US02/ 26598, 20

160 1500 170 - o 400 - 0

20 i *(T,, T,, Ts, and T, are given in psec; T,, T,, and T, are in msec)

“Timing accuracy for the example of Table 1 is about = 10% or 20 psec, whichever is 1arger.
An apparafus 90 with these timing intervals has been cleared by the U.S. Food and Drug
Administration for use in the relief of chronic pain. Different timing intervals may also be

25  useful for some applications. :

' When one CMOS oscillator of this type controls another in the manner shown,
‘interval T, is the staiting delay of the higher-frequency oscillator at the start of a pulse burst
and is typically about one-fourth of interval T,, while interval T, is simply that portion of the
last interval T; which remains at the end of interval T,. Hence, no attempt is made to define

30 Tg beyond what has already been given. Intervals T;, T, and T, have the same values for all
three pulse-burst waveforms; for the continuous waveforms, interval T, is undefined while T,
and T, are both zero.

Intervals T, and T, are selected so that, for a pulse-burst type waveform, each burst
may be divided either into approximately 6-8 pulses ("low modulation") as in waveform

35 150, approximately 15-32 pulses ("medium -modulation”) as in waveform 152, or
approximately 35~72 pulses ("high modulation") as in waveform 154. The same values of
intervals T, and T, are used in the corresponding continuous pulse-train waveforms.

To compensate for variable tissue cross-sections to be treated or differing optimal
* current densities of various tissues, preset intensities for each waveform may be provided as
- 40 showninTable2. '
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25 apparatus 90 with the settings set forth in Tables 1 and 2 can safely be used wherever a

conventional microcurrent electrostimulator or TENS unit can be used.

An apparatus 90 with the output parameters of Tables 1 and 2 includes parts
corresponding to each of blocks 92-108 of Fig. 6, examples of which will be set forth
below. While specific, preferred through-hole type paris numbers are sometimes given in the

30 - following descriptions, it should be understood that different components (including surface-
mount type devices) and components manufactured according to differing technologies may
also be useful. Resistors are typically 1/4-watt, metal or metal-oxide film types with x1%
tolerance unless stated otherwise.

Power supply 108 shown in Fig. 10, includes a replaceable battery 172; a three-

35  position, on/off and function selector switch 174; a steering diode 176 for function selection;
a pair of blocking diodes 178a and 178b to prevent damage should battery 174 be inserted
backwards; and an electrolytic bypass capacitor 180 which provides a charge reservoir for
circuit operation. No adapter, socket or other device for external power input is provided. In
a preferred embodiment of the invention, the battery compartment for battery 172 is designed

40  so that apparatus 90 operates only when the compartment is closed.
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Fig. 11 shows tunmg bloc 92 and 94 in the same conﬁguratlon previously shown
in Fig. 8. First fiming block 92 includes two CMOS logic gates 190 and 192; three resistors
194a, 194b and 194c; a capacitor 196; and a diode 198. These components form an astable,
30 asymmetric muliivibrator as shown in Fig. 6. Gates 190 and 192 may be two of the four 2-
input NAND gates in a CD4011B quad package, connected with lines 184 and 186 as
positive and negative supply, and preferably with each gate having one input tied "high" 50
that it functions as a simple inverter with minimal input and supply currents. Alternatively, an
inverter may be formed by tying both gate inputs together.

35 By way of example, resistors 194a, 194b and 194¢c may have vaiues of 732 KQ, 212
KQ, and 2.2 MQ, respectively, with tolerances of +1%. Capacitor 196 may be a

polypropylene or polyester film type capacitor with a value of approximately 0.100 uF at
2% tolerance. These components yield a control signal with a relatively low duty cycle, as
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For pur pmsemmaﬂwwplam%w;ﬂlﬂlgoﬂe 208 is shown in Fig. 11 with polarity
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Capaci tors 2088 PURSE %fri]dl“s%'&n %‘P@"Q'O is shown in Fig. 11 wi PO arity opposite that

25 of diode 198. This arrangement causes the generation of complementary outputs (as shown

in Fig. 7) with a low duty cycle on line 210a and a correspondingly high duty cycle on line

. 210b, Alfcmatively, reversing diode 208 reverses this relationship while the outpuis remain

complementary.

For example, resistors 204a, 204b and 204¢ may have values of 147 KQ, 15.4 K&,

30 and 2.2 MQ respectively, with tolerances of £1%. Capacitors 206a, 206b and 206c are

preferably polypropylene or polyester film types with 2% tolerances and values of .0068

uF, .0027 pF and .001 uF, respectively. These components yield pulse trains with high duty

cycles and with approximately frequencies of 600 Hz, 1,600 Hz, and 4,000 Hz, respectively.

Diode 208 is a small general-purpose silicon rectifier, preferably a BAV19 or close functional

35  equivalent.*The optimum values of any circuit components provided herein as examples may

differ depending on the type of device, manufacturer, lot number, and so forth, and may be
found by a modest amount of experimentation for each particular application

Voltage switching block 98, filter 102, an associated part of adjustment block 100,

and connection block 104 are shown together in Fig. 12. Voltage switching block 98
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- | eakage curredlacédin seties withieachsuch rcapacitar paine @t resistor 244a or 244b, beyond
which both lines are bridged by capacitor 246. The function of resistors 244a and 244b and
capacitor 246 is to filter out unwanted high-frequency signal componenis of signals leaving
30  the inverters, while simultaneously blocking the entry of outside high-frequency signals
which might interfere with device functioning. The corner frequency of the resulting filter is
preferably about 50 KHz. Dividing the resistance equally between resistors 244a and 244b
also enhances safety, since even if any one component should fail, the current will still be
limited to a safe level. :
35 After the end of a given pulse burst, capacitors 240a~-240d discharge, as indicated by
line 38 of Fig. 1 over interval 36, with a time constant which is set in part by the component
values in filter 102 and the properties of load 106. When this curve reaches zero, capacitors

240a-2404d hold no net charge.
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220a and n elegisdificaypes mated airlS tvolts enhighareald®ugh 63011 directly-connected pair

may optionally be replaced with a single, nonpolarized capacitor of like value and voltage

rating. Preferred practical values for resistors 244a and 244b are 332 Q each. Diodes 226a

30  and 226b are small general-purpose silicon rectifiers, preferably BAV19s or similar devices.

Fig. 13 illustrates the approximate waveforms 70 and 80 which are produced by the
above-described circuit under pulsed and continuous operation, respectlvely The voltage
"droop" (that is, decay toward intermediate level L) is caused by the finite charge capacity of
the DC-blocking capacitors. ,

35 For some applications, such as stimulation of wound healing, it may be convenient to
superimpose a controlled amount of DC upon waveform 70 rather than to suppress the DC
content of the output, or to provide the ability to do so as an option. Preferably, the DC bias
of the waveform is shifted without diminishing its amplitude. Diode 250 provides a simple
rectification device by which this can be done, while switch 252 provides the flexibility of
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proportion to the current flowing. This provides an indication simultaneously that the battery
is providing adequate operating voltage, that all circuit blocks which it powers are functioning
correctly, and that wires 274a and 274b and conductive block 276a and 276b are connected
30 correctly to load 106. _
Wires 274a and 274b are multistranded, fatigue-resistant wires, for example, 22
AWG equivalent wires with 30/37 stranding, insulated with a tough but flexible
nonconductive material such as PVC. Their lengths may be chosen as needed for a specific
application. Wires 274a and 274b, or sections thereof, may opiionally be made removable
35 {from the remainder of the apparatus as shown, for example, by means of appropriate, FDA-
acceptable plugs and sockets. Each of the wires may terminate in a 2 mm (0.080") diameter
metal pin, miniature alligator clip or other device by which easy connection may be made to
conductive blocks 276a and 276b.




20 (load 106) to be treated. At |east one of diodes 270 and 272 is
light-emtting diode (LED), such as a Fairchild W8412, Wﬁ?%ﬁr?}h@%t her is
a small silicon rectifier such as a BAV19. The LED may be either diode 270

as shown, 272. However, for DC-biased (i.e.
operati on, %?193"@ is preferably that, diode of 270, 272%’@%"%@?@%5 the
polarity of diode 250 with respect t *& he out put [oop. Alternatively, both
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accurate Zzupgient limting, using a circuit 290 as shown in F|g 15. Here
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' diode drop of this, while the second diode drop appears between rail 184 and the emitter, in

this case across a resistor 308 plus a small parasitic resistance (typically about 10 €) in the

base-emitter path. The resulting collector current thus equals about 0.65 volt divided by the
_ value of a resistor 308 plus 10 Q, unless limited by other components in the current paj:h.
30 Transistor 302 therefore sets a maximum limit on the output current.

Similarly, when voltage 210b is high, the current passing through resistor 300b and
diodes 306¢ and 306d sets the base of an NPN transistor 304 two diode drops above negative
supply rail 186. Again, the base-emitter junction cancels one diode drop, while the other
appears between the emitter and rail 186, In this case, a switch 310 allows any one of a

35  pluratity of resistors 312a, 312b, . . . to be selected. Alternatively, some combination of one
or more resistors 312a, 312b, . . . might be selected,'or a confinuously variable resistance
right be substituted. The resulting collector current is about one diode drop divided by the

selected resistance plus 10 ©, unless limited by other components.
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bet ween t fprosadfely 798 Asdts, Current is therefore provided to the output only

during the pul ach ve tr in_As3§fo the outpyt is through
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| eavi ng tt?ﬁ collector .of o 4an | @Eor %82 ‘Paa s through them before
entering £y QOgNgChRn 19 wirss aa%’él?' bor elggrodes i foa and 276b, with the actual current
being selected by switch 310. For three resistors 312a, 312b and 312c as shown, whose
+ values increase in logarithmic steps, the current in load 106 therefore decreases in proportion
30  as indicated by simplified waveform diagrams 322a, 322b and 322c respectively. Should
transistor 304 fail, transistor 302 takes over and maintains current limiting at a safe, though’
no longer user-selectable level. Altematively, switch 310 and resistors 312a, 312b, . . .
coilld be connected instead to transistor 302 in place of resistor 308, or switch 310 might be a
7 double-pole type with resistors 312a, 312b, . . . duplicated for both transistors
35 As described above, light-emitting diode 270 monitors the output current and signals,
by its flashing, that all connections are secure, the battery is good and current is being
delivered to load 106. However, since current flows in only one direction between the output
terminals (out of the collector of transistor 302, through wire 274a, material 106, wire 274b,
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about 51 4 mA gkthl resi stoi1 3121%.331 ected, and %tﬁ)ut 0.42 mA V\nént}, resi stor
312¢ 2 ‘easily take place at any other point in the waveform or at different such points at different
times. Note that on reversal, the voltage level during the pulses and the level during the
intervals between them switch places so that the time-averaged DC component is also
reversed in polarity while remaining roughly constant in amplitude.
Fig. 16B shows waveform 330 for a longer period, including three reversals 342a,
30  342b and 342c, illustrating how the voltage level during the pulses and the level in the
intervals between them repeatedly switch places. For purposes of illustration, only five pulse
trains are shown during each period between reversals. In a real application, however, the
number of pulse trains between reversals would more likely be several thousands or tens of
thousands.
35 For some applications, as in treatment during sleep in conditions for which a treatment
period of less than eight hours has been found optimal, it may be useful to turn off the

treatment unit after a selected length of time. Fig, 17 illustrates a waveform 332 similar to
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urn € lgg?cngaqte% 3600 a0d 36 ,Oorf 'the shime kind as gate 192 and fed by the same control signal
350. Such gates produce outputs 362a and 362b which are complementary in one state of
signal 350 but equal, yielding a zero output, in the other. For example, using NOR gates as
30 shown, outputs 362a and 362b are complementary so long as signa! 350 remains at logic
low, but both drop to zero, yielding zero output, when signal 350 changes to logic high.
Signals 362a and 362b may then be connected to additional filtering and output
components, for example taking the form which was shown in Fig. 18 with the deletions
suggested in the text for DC-biased operation.
35 _ For charge-balanced operation with automatic turnoff, gates 362, 358, 360a and 360b
may be eliminated, control line 350 and gate 192 retained as shown in Fig. 18, and signals
210a and 210b taken from the pulse oscillator as shown in Fig. 11 and filtered as shown in
Fig. 12, The simple shutdown of the control oscillator by signal 350, causing in turn a
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360b, of rhidgtes.ameyalf, ﬂﬂseaﬁte@ah Wlllﬂﬁelﬁ@ﬁfﬁf:@fbr vany BfplRATRs, CAMb diffbemal  350.

Such gat d t 36
St at doof ed"iwﬁg"cg‘#&%% Sg 59 4B Brre oy R LR be eﬁﬂﬁd%erﬁ@r " For
exanpl e, At AAGNKER @aﬂe@gn& e3tutdewnntimingt foum shaemtrohowtilBBR s ahat, once

conpl errermagzwwﬁqaaé @&ﬁrr?ﬁth?wmml ostiiator ﬁsrméaﬂféd aﬁd hOfkifer doexﬁn tth!l&es %Q g rop f 0
Zer o, | ou en sl gn chan I ghal S
3608, and HboheR SR AR B deviihBraits HRD wad e e o Pt %&“ﬁ%‘?fﬁ’&f out
conponentis mafunlly egsatrplhés mayibe dgnetdl%erfbo'rtnmmnhﬂmmhtos bffwnd then Bh ggaifl, 8 Wi t h

the dgl etGoRs ir 3LA08% ke B PRsie | Qr
char ge- bagl gahncgl& H‘gera,tyﬁggs lvmgthl%zgutt g{rlrtg{nlo%n?% not Sg"tgggg%%le%l %’gagreE%Oa and

360b may Eﬂ’é ‘control |ine 350 and gate 192 retained as shown in
Fig. 18, and dilgrmatiely, 2d6herandll@6046f thelseme or andiffdrent pypes asuds as lal apsal as

shown in F T down

of . t he cod;élgagml%fs%?glpg héeE‘?%&@né%va?&Q ilgﬂtclgfudssigdntggjtl%er;i1 wt%?ﬁég%% 2006 WO
03/ 015868° f@gﬂ?f’éé‘g@g t down of the pulse oscillator through the
acti @i of theAscipparaien?0; nedowsing theEbgporiedt valt fofvies @lsove andl tnclodinighd! sput put to
zero and o I t down

si gnal é] %éieﬁltédrslhtgé{ (?g/geﬂrl@“lﬁﬁﬁs &Qéhbg{l Q%ﬁ ﬂléfwb&l?lﬁ%q ih a%gxtail Zéll ve%Hil fromthe
contr ol 6"955'1!13 ok @Pld%lﬁﬁit}f’ OB%GW‘%I?: BteEnls prsteEblych Eﬂ“ﬁ’&g viilhg preket3hip, such

-as a nul tor sthagmedis fi@fcynvenient mounting to a bandage, cast, wrist or other band, or article of
clothing. Most preferably, the housing is no larger than necessary to hold the described
30  devices and the circuit board or boards which bear them. 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. Smaller
housings may be useful if some or all of the described functions of apparatus 90 are
implemented using surface-mount components, rather than the throu gh:hole ones which have
in some cases been identified in the descriptions above.

35 Apparatus 90 is lightweight, compact, self-contained, cost-effective to manufacture
and maintain, and convenient to camry or wear for extended periods. It is safe for
unsupervised home use without the need for special training, and able to generate the signals
Just described and deliver them efficiently through conductive pads making direct contact with
the skin. Since only low voltages and currents are used, apparatus 90 does not pose a shock




5 d'i vi der chain. For exanple, dividing the preferred contrﬁwosc%@ﬁat or
frequency of 15 Hz by 21' to create signal 354 yields poI2 qr9h ersal at
intervals of about, 9.1 mnutes, while division by 21s yields reversal at

18. 2-m nut ewoaseis¥¢al S Either of these will likely suffi CI%’I]({L%JEIZIW
applications with no need for nore el ghQorate divider circuitry.

Al ternatively, any convenient 10 diviger circuitry may be enployed with
the inventio Simlarl dividing the preferred control -oscillataor
fr equency}“b?ﬁrth PPy Pefas o, myfiieps. éff‘beﬁalﬁ éﬂ%shs dBnfompagt P, inexpangye
appr oxi mab#teyies nbawiing replabehdnt oily whesip siyprad Weelatf ese. 2 hours and 26 m nut es,
by 219 after 4ARQpgSan@dcordinglo My iRPentiaf uPéﬁ tgﬁ{tfvg&eeerle g’ﬁlﬂ%eﬁﬁ@@&fmﬁt .

m nut es. Agl?ll n, t dese mterva_la (¥y| IJP 1 ke %és jce fcor meny_ _appli cati ons,
al t hough HArPpEARARd apEmal paffegis, nelpdipg, byt not lnifed tQ bealing aceelerpfion, Flisfiphcuty ovi des
di f f er nt or chrenivpdis Jandrediefnd swaling arfd/@ ésflarmmehtion. Aowelen Nkepparaths feidingt ng t he
shut down i ; : 0SCl: i . t has
occurred, be en?%?lgﬁtﬁe t‘ﬂ@c‘@ﬁ?ﬁ%&“?@’ %#‘%ggﬁ&{etgi ge}lllg Qgt(%l’s?_ugp(t%ﬁ'ér? ¢ g%ﬁuﬁgoy\ﬁeg t akes
pl ace. IP&@F‘“{ ElecTibrrapgUivaveiREm Y @ppreRrigtetiscitical stimuli hoyeybeop phservad freed f or
further atiodifiy itenrateniof keell inetabalismprsaattion, nesd etplicdilvny TRYathe sidrellLifbher by
turning t j £ i r ( i J i,y ed) by
pressi pg Sentic, B bOGedll@deactP Ratfbr3h th afiortle ARy hirellE 5L C

i nput 1&f  Brelfesdipn apd differgnyiation in gieprepaiatioy of spweisaliured Auiagerays skip-grafe sane
g_r a d: f f mnenal. t&@_enort]libu@kanqﬂe,aha: ot lof b&&ﬁalégﬁét@ﬁlly?énglﬂla&g% %ppmmch in

igita : e i . .
pol ari ty%ﬁ%ﬁ% Pﬁdgh% é“r?gfasﬁﬁ‘,g“ P)r%ugé’t rﬁ?g?n&%pﬁécegcﬁa Ar 3? [}@e‘bﬁe,mﬂﬁxbé’f J]?l ng the
‘conponent degised pradugt ipsreased Jrdreatngnt widh asnitalje whveform. any sel ect ed subset of
L he funct } onslwgagees:pm% @eQibBve daRYriftRn NHPURS ﬁh@eﬂti&n,_ait?si’fﬁi be ]{ehjizfa%}tweitwlht _

ousi of . . AS .0r,.0t her. sui.t e material .. preferabl.y a housing
w8 cnstipiof @R A ilon i A7 fneied S hEnIRRD. Sl RyTEER sBaage.
cast, wriwetenals,ohapss ferandimcen and maprer of operiéerhiasrgmblyband yse.efrerdatshed, t he
PﬁUSI ng [@i.dng abﬁe([jr&ﬂ'én% ditﬁribélﬂﬁﬂtﬁfé_ SKillyd ﬁlQhe{bﬁd, @nd gﬁ; Al il Rﬁﬂo&gipg%/lhﬁﬁzsband

e circ r.d_or, ‘boar ds i ch he em .Suitabl e housings need be no

arger  CHRRE oF 8 ot b WekchRediR e spaaron s leied o Be A Smpiagedy 71
or t her edipothe prese@timivendion. housi ngs may be useful if some or all of the
descrjgoed f uncpyepihse Ghe ﬁ&%gh?ﬁé&éﬂ%n% SonsidEBd RTREEV Wy e B piffesTOUNt

conponents, . rather t t rough- hol e. ones whi ch hav I N, Some cases
been i den‘f%i the jyenijpny H‘Sﬁhgsgpqemﬁgmmﬁ'@u% apd, 6 *}ng?sug’ﬁb@a‘%b’ P5eBhPwei ght |
conpact , thedefskiliod imthnart, it sopt desfied ¢¢ limit theoinventioh de ther exactaoostmmiion aidn, and

conveni e B ! ]
unsuper v@g{fﬂﬁﬁdﬁﬁ;is@d .t hgﬁi_% f ggéﬁgdg‘gggod?e%‘ﬁg%é gPh{tﬁrc %.tlﬁmé %fe%lﬁ&cfl ezlilgl eto

i nj N
gener at e PHe%TS do, fpifjag wiihin the scope ofn e duvention:  Thusmitkyil % Fwerdt ©hr ough
condust i whoseasitilleddk ithegardihataninycanhges tandistlstitutibes dai be. madentio ethe mhafertedw

5006 0. 03] D{EE Rl BB Ribuork MRt Froi e i A BEpRCor s R0 AT CT

invention as defined by the appended claims.
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31 hazard even in case of mal function. Power is furnished b conBact and

i nexpensive batteries, needing replacenent only once in g@&éﬁ“&‘l‘ Weks of
use. An apparatus according to the invention is used to provide

el ectrotherapeutic treatnment for humgn and ani mal patients, including but
not limted to healing acceleration, relief of acute 5 or chronic pain,
and reli | 4} 1d/ or inflammuation. However, the apparatus need not
be confined to use W I'ntact organisns, since isolated cells or tissue
cultures can also be affected by el ectrotherapeutic waveforns (appropriate
el ectrical stilmulAn hppepaticedor ghseatingdart @lectrivdl kignalhéorr adeedn bfonedichl

ot be OPISARER” il il Bl AvirS i PR TR e et o

i ncrease comptisidd) proliferation and differentiation in the preparation of
ti ssue-cul tured, autogenqus skifgﬁgﬂaft material. As anot her ,exanPI e, the

growt h of bact¥AIsforgsRerpingA jef/0 Hd@r Sminggnisialy Jed «Haid figdng Bisrelsyr oduct

such as %Hﬂg@a'ﬁ?&éﬂn' ] ioR@iiccel erated, or their secretion of the
desired pro ucI{ inc?ﬂgg;g%%lméygt&r@at ment with a suitable waveform Wth
respect to the abo@®@ de&txIptsbr=@0xT i nvention, it is to be realized
that the 15 opti di i r } ips for the parts of the

i nvention, to include vgﬁpg%c%@éﬁ ﬁiglggéeﬁ,ﬁ%ateri al s, shape, form function
and manner of oper &)i onT;agbexnth])yandnd use, are deened readily apparent and
obvi ous to one ski I(; ed | n<,tfh<e%fbrt and all equivalent relationships to

t hose iIIustrated( )n t he dra rfﬁ%ec described in the specification are

i ntended to beregil MiMRdsHAdng BYidtHRnPriAERALs inftY 8 lcdfticallfpddl alafingr®, t he
foregoing description is considered as illustrative only of the principles
of the i AP SN. Further, since numerous nodifications and changes will
readily occur to those skilled in the art, it is not desired to limt the
invention to the exact construction and operation shown and described, and
accordingly, &l | Theinpabueaswodief irceltindn Sirtherdompusingxhems sperablyycoprectedsor t ed

. falling: wthi f i ion. Thus. it will b
25" 1 hose SR iebiflind P TR lnd Wb AR BL s R e T Lt one oo be made

to the preferred enbodinent herein described w thout departing fromthe
spirit and sc8peThé afipamtysras seittd ini duimntt, whareAssaifiefeneratingdoiyiedns prazippsaded

clains. 2 rch 2006,32 AT. | S I IS:. 1. An. apparatys for. generating
an el ect'Pﬁ'ﬁ"’gﬁ’ %tjii’éﬁfé*ovaﬂtﬁfo St PFFME&I&%W‘P gans isale‘étf'%nal based
on at | easd offseidpalrbd¥dhgesi nterval s Tl -T4, said apparatus conprising: neans

for generating a set of at least four timng intervals Tr-T4s said timng

intervals having approximately the relationships (a)(2 x T2).5 Tr. 5 (20 x
T2), (b)50 gséc e(apgarq.tuq-gs)regte%@(y@puprla tgher comprising means for transmitting said

electrical signal to a load.

. 5. The apparatus as recited in claim 1, wherein said set of at least four timing
intervals further comprises at least three additional timing intervals Ts—T7, said at least three
additional timing intervals having approximately the relationships

©0=<Ts<T,

DO<Ts =Ty,

(g) 0 <T; <500 msec, and

(f) 5 msec <(T3 + T4 + T7) <500 msec.

6. The apparatus as recited in claim 5, wherein said interval T; further comprises a
sequence containing an interval Ts, followed by at least one pair of intervals (T;, Ts),

followed by an interval Ts.




(c)T3 > (10 x T1), and (d)O0 5 T4 5 500 cosec; and neans fqr _conbining said
timng intervals into an electrical signal having an arrpl2 Mageh 2006 The
apparatus as recited in claim1l1, further conprising neans operably
connected to said generating neans f3r changing at |east one of said
intervals Tr - T4. 3. The apparatus as recited in claim1, wherein said
gener at i ng nmedns The agpaces agreciddlin @lair ¥, WhergAissie thtaradlares TQfand T fhranat er val s
Tr and T2, further con%ri sig}ic‘;gen}eanzs,{.oi, s[el ecting one of said paired

val ues. SOM'PHESISPEPET UL THENLRTESF tn €1'ai m 1, further conprising neans
for transmtting said electrical signal to a load. . 5. The apparatus as
recited in cl & nillic applwene psres@i th dam 5ofurther dompsiding wenns dperablygonnettedr val s

further ¢o i .at |l ea hr ee ditional .timng i.ntervals T5-T7, said at
et o DR &R ek G330 i ARG ki B rEET VA o

rel ati onshi ps (e)0<T55T1, (f)O05T6<Tr, (g) 0:5 T7 5 500 nsec, and (f) 5
msec 5 (T3 + ¥4 Thag)paratB0e revetedin daimTh wvherpesat gescrating weins prbducesal ai m 5,

wher ei n 6 - I S€S ence i an

i nterval ﬁ%ﬂn{‘%%%%cfl %’g og%hﬁ(% glgeé‘fa?sgﬁre)a%%ai?’rm@?eri%ﬁﬁgﬁvﬁ nslga%]'?o? SEF'E%@’% f ol | owed
by an i noesofzhidpeire@®lddsr ch 2006 33 7. The apparatus as recited in claim5,
wherein said intervals T3, T4, and T7 forma continuous sequence of
repeating Int %.Y?hé?%%raml%s J&ﬁi% clI#r?S,a\pﬂégéiﬁtsh'iﬁ aﬁﬁ)l'ﬁﬁglo}'gﬂ bfdegial m S,
further conprising ans operably connecte £o sard generating nmeans for
changi ngsigral fwther camiwises: said intervals T, T7. 9. The apparatus as recited

inclaim5, Weleid ISL",iidgn‘a%e{é at.l n oduces a plurality of paired
val ues of said |fnt e?ve]ll s T4 ginlg{el?[}% ur't edrof%onpri sing neans for selecting
one of said papceed leu¢lde duringsaidinereppbraatdTs; aad recited in claimb5,. wherein
said anplitud i g;rﬁ] " {yrt ises: a first |evel
L, during sai gth:ﬁﬁtlg‘%\i/g? S %tsalk@%rgﬁl r ?i‘érgﬁg, é%lﬁ%w%gl\r/ﬂi%ﬁ{%duri ng said
intervals T2 and T4; and a third level L3 during said interval T7, wherein
L3 i s betweentl:, Thteppaiatusps recitpdbinghiien 4k wheigin & @uisitiod betweet ayntwp®f wher ei n

a transi thiPRvAet WRRDsPNY hds WRielf m@éoﬁl' sthi V6! Lo EJ@, Laicdecay tine
constant no Srealter ha% approgi mat el 'y ong-%?hﬂgaga%ngt %élf gc’?lﬁ gi nt er val
T2. length of said interval T>. _

12. The apparatus as recited in claim 10, further comprising a fourth level Ly, said
level L, being intermediate said levels L;and L,, wherein a iransition between any of said
levels I; through L; and said level L, has a decay time constant no less than approximately 10

times a length of said interval T;.

13. The apparatus as recited in claim 10, further comprising means operably

connected to said combining means for changing at least one of said levels L, through L.

14. The apparatus as recited in claim 10, further comprising means operably
connected to said combining means for selecting among a plurality of values for said levels L,
through L;.

15. An apparatus for generating an electrical signal for use in biomedical
applications, said signal based on at least four timing intervals T;-Ty4, said apparatus
comprising:

a first timing block for generating a first timing interval T| and a second timing

interval T»;




12. The apparatus as recited in claim 10, further conprisi n%/[a fourth Ievel
L4, said level L4 being internediate said levels L, and 29

transition between any of said l|evels L, through L3 and said IeveI L4 has
a decay tinme constant no | ess than ap’iﬁroxi mately 10 tines a length of said
interval T,. 13. The apparatus as recited in claim210, further conprising
means oper abI ] semd Iﬂﬂﬂ]ﬁ@bloa*.l{)fos géml:ratmgiaitmrd]gnﬂrgaﬁﬁrvfabn afdanfpuil tiling east one
of saldl ) 131‘ { hr WFP%EC? tu%tas recited in claiml0,

furt her 8};%? 4R ’%}é’é" o] épélmap}%rg LB FGEORPS. o 1vbi ni ng means f or
sel ecting anong aa)[xItherEﬂW(ﬁOxﬁﬁi)ues for said levels L, through L3 15. An
apparatus for ge r C signal for use in bionedical

appl i cations, salﬁ) (gﬁ%g’asjgg <t£l"r!i-)logt” f%ast four tini ng intervals T,-T4,

sai d appar at us @rmra(slm?@?n) andirst timng block for generating a first
timng interval @cht gsﬁgﬁlcs)gd timng interval T2; 20 March 2006 34 a
second tim ng bl c)k fof “genera |ndg athirdtimng interval T3 and a fourth
timng interwalntdrdonnsatiod hlovkepumbly cBﬂnéEtbdh:amdag saif i >ahdradeohd timirg

relation S 2xT OxT 50 + T2) < 5000 gsec,
(c) T3 >?F)Cgs SE{I %térconn tl(oajﬁﬁ%gconf'ﬁ)mélg | dntgg'gfgg[c %né"dan i nt er connecti on
bl ock oper abl ycamsopadtilychnbetedee smidatectofuertiin tdoek fargensding afvigut sinelcks, sai d

i nt erconpegsti: i.nt erval.s .T1-T4; and neans operably
connect eg'ﬁﬁtg&(ggllt al?sqt( C%gr:dnéeu %“aaogomkgafnoafnb &rating an output signal
with said intervals T, T4, sai d out put signal having an anplitude. 16. The
appar atus as decThedppanated ad mack&d if wlairhdrs, (t‘mrther icempgisiag fi filted ropefablyabl y
connected to sajd gﬁgeraj.i ng nmeans Pal d f| I sel.ectivel 1 transmtting
Signal  cETRISHHERlosaRl PrRling el e il sl e¥ely oSy Bne HiEnal PAEPSKPGT at us as
recited iyithislsdelBctkd frefnbhtyh@hgesonpri si ng power supply neans operably :

connected to said first and second tim ng bl ocks, said interconnection

bl ock, and i gnal - generating means. 18. The apparatus as recited in
cl ai m 15, furﬁﬁe?nsl ehPBTAE;as %%Héclelﬁﬂe%sawer%ﬁwwwswﬂm@@ﬁerat.ng

neans fog &W%xﬂl@ct@@io%aﬁrmkt' atnﬁq,@con&%mﬂ?ﬁoél&?@&i@fn‘tb?c&ﬁeé’tﬁﬁ'bﬁc%ﬁ dgd claim
15, V\/nereln said first and second timng blocks further conprise first and

second afAidipealwonaritingmeansrs, respectively. 20. The apparatus as recited
in claim15, wherein said interconnection block uses an output of said

first astabl e;guihd VhoEahOks [RiEO M RlimSH, Gutis WthpRsihg thénTEpbiakyr at or .

. connected to said generating means for changing said amplitude.

19. The apparatus as recited in claim 15, wherein said first and second timing

blocks further comprise first and second astable multivibrators, respectively.

20. The apparatus as recited in claim 15, wherein said interconnection block uses

an output of said first astable multivibrator to control said second astable multivibrator.

21. The apparatus as recited in claim 15, wherein said set of at least four timing
intervals further comprises at least three additional timing intervals Ts—T5, wherein said
first timing block further comprises means for generating said intervals Ts and T,

wherein said second timing block further comprises means for generating said interval
T7, and

wherein said at least four additional timing intervals have approximately the
relationships |

() 0=T5<Ty,
) 0<Ts<Ty, ,
(g) 0 <T; <500 msec, and




21. The apparatus as recited in claim15, wherein said set of at _|east four
timing intervals further conprises at |east three additi dRafareh '
intervals TS T7, wherein said first timng block further conprises neans
for generating said intervals T5 and3%6, wherein said second tinm ng bl ock
further conprises neans for generating said interval T7s and wherein said
at | east four ad@its mezl<({l:;MTg THKS00alssc.have approxi mately the
relationships (e) 0 < T5 < T1l, (f) 0<T6 < Tl, (g) 0O< T7 < 500 nsec, and
20 March 2006,35 C T3 .+ T4 +,. T7) <,.500 c, 22. The apparatus
as recited i nzgl gﬁ%@%ﬁmﬁ%ﬁ_@%}e& msgfﬂﬂlzldlh g?@al“ﬂ%“u#??\gw &ﬁﬁlppgeé;sa a
sequence sapaicai aenngizn an mtevelal's, Tollowedl byowektatyonatpalredfsinteonts {Tai T,),0f

i nterval |l owed by an interval T6. 23. The apparatus as
recited ?Or%&;(‘:gieg})#%wer\%\ﬂglﬁei n said interconnection block divides said
interval T3 into a sequence of shorter intervals, said sequence consisting
of at |east oAd Theapperetk aF&citddgh cloinedl, wherein Jakistercomeeciai lodkfdivideser val s
(T1, T2) | t i . . S recited
el ai p e, o BoEAT or e Gt ] eouifs cMRUARRAL A

gener at i deryaddin doliogied bl ahlgish gneapair|of agervaln@ ) .Of,) followled byt atilasstiape fiiterval. 25. The
appar at ug, as recited in claim2l, wherein said generating neans produces a
plurality of paired values of said intervals T4 and T7, further conprising
means for selecting one of said paired values. 26. The apparatus as
recited in cl & -mkel appomive ph recifed ia epimnt 2id dugher sepmprisiog putans ioaperably f ur t her

conpri ses, i 4l 1 i é@;]% r j ngd T6; a second
| evel L2§%nlﬂlr§?t§%{0§glld(§% ?‘%%tg%gv%%‘g 'El"d%ggn Aalt Qgﬁgﬁgbfﬁ}% lgte e\ilse’ﬁn%\’s during said

dinterval T7, wherein L3 is between L, and L2; and neans operably connected
to said conbi A-n§haapRaratus @y reetigdripiclaim 3. wheeein saighgeneratingyingans peogdies 2|,

through Lidraliglof pdi&l ARREbALSE inPvalsef, dh@ | irife e&ﬂfn%%g HOEE i RelBerhp@nsi tion

bet ween any fwo of said levels L, through L3 has a decay tine constant no
great er o950 saidpawsd vales! v one-sixth a length of said interval T2. 28. The
apparatus as recited in claim26, further conprising a fourth | evel L4,

said level Ldg behd\gpiriuisBlicdtrclSRind, WEYgh Sidamidiclo? ssi®SuRi kM Vol tage
initially set at a Selected one of sald levels L, and L2 decaying towards
sai d | ev8IPEFRORDIRCSy tine constant no | ess than

‘a first level L, during said intervals T), Ts, and Tg;
a second level L, during said intervals T and Ty;
and a third level L; during said interval T;, wherein L; is between L and L,; and

means operably connected to said combining means for changing at least one of said
levels L through L.

27.. The apparatus as recited in claim 26, wherein a transition between any two of
said levels L through L; has a decay time constant no greater than approximately one-sixth a
length of said interval Ts.

28. The apparatus as recited in claim 26, further comprising a fourth level L, said
level L, being intermediate said levels L; and L, an output voltage initially set at a selected
one of said levels L; and L, decaying towards said level L, with a time constant no less than
approximately 10 times a length of said interval T;;

means operably connected to said combining means for changing said level L.




approxi mately 10 tinmes a length of said interval T,; nmeans 2\%6%9%
connected to said conbining neans for changing said | evel 20 Marg ch 2006

36 29. The apparatus as recited in claim26, further conprising nmeans
-operably connected to said conbi ni nggnmeans for selecting anong a plurality
of values for said levels L, through L3. 30. A nethod for generating an

el ectrical siggaly I t . r 1SN gg i r timng
intervals T1 ??'ATFI%SI\%? %a{aag[??g%l%gﬁgl %}8%11226?%9@%1?%%&5}?#%?% f%ﬁa%%m%%a < TI
< (20 x Toinectédio sbif cgmbining ansHoMRlecting5000g p phiglity ¢fopludSorsa{dllévels I, ), and
(d) 0:5 Ilﬁ-mf 900 cosec; and conbining said tinmng intervals into an
electrica s%hgnBaI havi ng an anplitude. 31. The nethod as recited in claim

30, further conprising selecting one of a plurality ofpaired val ues of
sai d i nt er val S0TA methodrer s@eratingva ehrstricddigagl, saonethali domposisg:m 30, furt her

nter val o havias s A R EhhE Bidtaly 1 ORI bR AL bR, g
< Tr, (g) 0 < T7{x Boix83es (20&4),(1) 5 nsecs < (T3 + T4 + T’7) < 500 msec;
and conbi ni ng sai %ﬂgl Lepalrtigg intervals with said intervals Tr-T4 to
produce said electri cﬁ‘@ﬁ%n%??g@%ﬁe met hod as recited in claim32,
further conprisi () EBet@0kilhgamine of a plurality of paired values of said
intervals T4 and '57 <34, dﬂm met hod as recited in claim32, further
conprising: adj uédihgleSP®W W51 ude to a first level LI during said
intervals T,, cﬂiﬁbiniﬂ?@hid'ﬁmjng%ﬂérﬂaﬂihﬂﬁn%f&:@lcﬂ@%ﬂ%ﬂﬂﬁg&ﬂaﬂaﬁ%ﬂ@pnd level L2
during said intervals T2 and T4; and adjusting said anplitude to a third

| evel L3 duri S? ) %d 'g]}nélervatlgd'_l'7éd i{\/r\lhﬁ@rfeuigg L3 is. bei?PM@gl L,faglgﬁlgé. 35. The
met hod as recPt-edy BEEPGITHFBES I ¢ y WEBFHSPIBIHRE ¥ PRGL 3 a

plural it ¥fpabd Vihdd88salPiteSRlst, kgl s LI through L3. 36. An apparatus
conprising: 20 March 2006 37 a neans for placing at | east one electrically

conducti ve bodﬁ/ in contact with skin of a human or aninal and applying a
wavef orm of v&¥t Abemethod gy reeitnd ip slairh 80.cluehar cpwptising be sigp of Esperating at

least three additional timing intervals having approximately the relationships
(€) 0<Ts<Ty,
) 0<Ts=<T,,
(g) 0<T,;=<500 msec, and
(f) Smsecs<(T3+T;+ T;,v) <500 msec; and

combining said additional timing intervals with said intervals TT; to produce said
electrical signal.

33. The method as recited in claim 32, further comprising selecting one of a plurality

ofpaired values of said intervals T, and T.

34. The method as recited in claim 32, further comprising:

adjusting said amplitude to a first level L; during said intervals T, Ts, and T+,

adjusting said amplitude to a second level L, during said intervals T, and T4; and

adjusting said amplitude to a third level Ly during said interval T;, wherein L is
between L; and L.

| 35. The method as recited in claim 34, further comprising selecting among a plurality
of values for said levels L; through Ls. '

36. ' An apparatus comprising:




body, wherein the waveform conprises a first interval wherein the waveform
is held substantially at zero polarity interspersed w th28Maehi®0q nterva
wherein the waveform conprises a burst of pul ses, the burst of pul ses

al ternati ng between opposite polarities, -the waveformat each polarity
having a given duration that produces a substantially flat-topped

vef he ,f4 | L eREd c v ' vad, 37. Th
wavef orm "t he qfiidaf g Bh&hY A 1@?&&%&#}&%@%@ ohifiRflyd Rty SeCANC: il Sk ot e

apparatus of clalm 36, erein eac the second I nter conpri ses
a subst afan pianirag eathenphans 2 WalgErBrohvolgge ompurenidp theslegsicaly whdicHySs6,
wherein thg duration of a first polarity of the opposite polarities
conprises dt |east twice but not nore than twenty tines the duration of

t he opposite porEH the wagformheompsisesr atfing vferval aihpre@othe\waelirn sHeldvavef or m

i's appl i %ﬁbsﬁaﬁﬁﬂ]#”@c”zeﬁf polafiy Bilerspbibdd Tvith fké’cﬁﬁd FhdHe ARRM God WaEBRNL . 40
The apparatus of claim 39, "wherein the el ectrotherapeutic treatnment is
sel ect ed cPmpifes Adugst of prlsesntbe bushof pilses plterdtiag ibaigyeen epnosicepdiasiics. e

sti mul at ipgefdn Q@eacﬁ'ﬁ@lhiit?gmviﬁgla!g@éh%aﬁ%'ﬁﬁt gﬁhﬁbes a%ﬂs%ﬁag ﬁa?e.%dapéac pai n,
treating osteoporosis, stinulatin heallng_ cceleration, relieving
swel | i ng wavefping fherfistiiena heiag loaaérgthaﬁlélmw

nitis, treating repetitive
stress injuries, treating carpal tunnel syndrome, treating osteoarthritis,
nmodi fyi ng t he 31 atge fpafilsbf Sl i sm nodi fying cell secretion, nodifying
cell replication,  nodifyin cel | proliferation and nodi fyi ng cel
differentiati o*flil?rewl?adrnél)(sap(g‘aﬁhatsa%onéfmm&l gPmprises i eyubstpntiale reptapgelat m i s
produced it &ma battery- operated, portable device suitable to be worn by a
human or aninmal, and applied to the human or aninmal with at |east two
electrically ¢ ndgctive bodies.in _ contact with the skin of the hunman or

ani mal . 42. THRe dppaPeartfes 8F claimdg 3dierem, thepdiratiognf 3 et PorEBn 8Tt r enove

or M ni Mggositél PuiatiR EompPARE RERES tWice biiendtaoed AhMvaheEhedhé aeribher gr oup
conS|st|ﬁ% of DC-b] ocking capacitors, an equalizing pulse to renove or

i ni ni ze "% PEOTEPPEHBt , and filtering neans to renove or nininize
unwant ed AC frequenci es.
- ' 39. The apparatus of claim 36, wherein the waveform is applied to human or

animal skin for electrotherapeutic treatment.

40. The apparatus of claim 39, wherein the electrotherapeutic treatment is
selected from the group consisting of stimulating fracture healing, stimulating wound
healing, relieving acute pain, relieving chronic pain, treating osteoporosis, stimulating
healing acceleration, relieving swelling, relieving inflammation, treating tendonitis,
treating repetitive stress injurics, treating carpal tunnel syndrome, treating osteoarthritis,
modifying the rate of cell metabolism, modifying cell secretion, modifying cell replication,

- modifying cell proliferation and modifying cell differentiation.

41. The apparatus of claim 36, wherein the waveform is produced from a battery-

operated, portable device suitable to be worn by a human or animal, and

applied to the human or animal with at least two electrically conductive bodies in

contact with the skin of the human or animal.

42. The apparatus of claim 36, further comprising means fo remove or minimize
unwanted components of the waveform selected from the group consisting of DC-blocking
capacitors, an equalizing pulse to remove or minimize a DC component, and filtering

means to remove or minimize unwanted AC frequencies.




