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healthy patient, many fractures need to be immobilized in a cast for six weeks or more. Even

after the cast is removed, the patient's activities are frequently restricted until the healed bone

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

AWIAR A

*G00002*




X1111211OH TH ITITII111111111H ~O *@00002* 20 March 2006 YNRRlPIRB66
PCTI US02/ 26590 2 signals play a necessary part in healing and
di sease-recovery processes; and that such processes can be accel erated by

providi ng awddsjogssed | y- generated signals which mimc the pppgyosmesdyn i N
frequency, waveform and strength. Such ym mc" signals have been shown to
have many effects in the body, including helping to direct nobile cells

such as fiQpeiN Ry S 15ec@§!sgry APHSERS oh@ dide 5%%&41@@ \A'P{g')@%l(esaraﬁd eed ugh

(gal vanotaX|s and u3| gmﬁg rel ease of _ce 3r's "Such

t ransf or mi K§® Févﬁaﬂ proviging yrtify &%‘ﬁi‘yréﬁwt%sl“ﬁﬂé vvjv@v@nmfthet or
(1 GF). Thequeésmmsmd”aaqucml wehesforor andrsapagih.hSatli NPinde" sddan lﬁﬂadbd&hlsrié@n

wounds, i @q]hwihﬂg e?f’@ét?ﬂi the l&,&?}ﬁ iR llﬂé}fgthe?p?r%% Ot GStlfs e ' f r Ry broﬁlﬁszs €s;

the ne g bones I'nc dg nonuni on
regr owt o d"i‘ﬂc[?lp eﬁﬁo Sé%?/@h‘?ﬁ‘h‘fé?"\?@%‘* ed (ealvanaxingad r:auxsm é‘fc l’@ie@swé@elﬂarraged

by repeti tgrowthniattosnsuchss itransfemton igidwah fdeebr setae ORL 1b- F)’ ahd %sulﬂﬂlﬂ(et 5@wth

i on e 08 il et ATTEHUE o HoRCheind RE sk, 18, BeBrySER) o

Sore of t Haclpdeg ehsonis wrelp suchag dipsaesulting franm diabstesp teamaendinig'of broke bowesnt  of
i njury" niedsdingdost nommisidBactiBes tlBGegrd\lvﬂﬁﬁijﬁkéﬂ r@REverddMeYves; Ca'ﬂ@'i!ﬂz' RBghis! oWy

W th ty I fracture r

regr O\A}t%maorfggstug%?aﬁ%% Qeg%tfu%'ﬁﬁ tiom %% ua 2 oﬁ't{sﬁé‘d\?rgtg?ar@&}s ('S‘f“?g‘e ﬁ%‘g’é‘ﬂ‘?'\/e

el ect r ode Bgtve P&v@ﬂamféﬁwﬂaa'ﬁb&'l"! |'0‘éu¢bfme0hrw1repa§n ifor whichkethe aisiab dtugstmued

at rophy ortreamen®odb ot HyngQasfdctory Rlieft Ni S reason, nost recent research has

focused on hig r.eq o on L eX,.Si alsotenvvlth 0, net. DC
‘conmponent . Pg&e of tﬁe Hgd]%ys'- 'gqsgnggh g é%’”g'opﬁfﬁ‘lt@ h%‘vé:”H@}érPr}p‘&%r med on

bone f ract”ﬂﬁa@'fedZ'@ ‘mé'ﬂﬂfi’ rage %@"@%ﬁvmﬁl qn!)y chingivegsslowlyhwigh tuh@gltdat bpmocesses
in allisti afsutﬂsmau@gesfasmteh@ ait B nap@rrég%wmtﬁe S H8aY Sadbe thaP Gsual § rf‘ﬁ’i lve in

accel erat i y, Qi her sease-recovery processes. |ndee
specific f‘ébgntg% Peeiiye fi59 (fdl ﬁf%%‘?’ﬁfﬂ‘?%&? BRI YR8+ BESTF OB Fagestitssuec orbat
ost eoart hratft) Py oan@mmammur stdr thi$ easen hmbst repeotielearch delsi frusdinl Higigr-and

i nf | ammat ifRGuency,ingdd cdnfad dighe dﬂ@ﬁ %ﬁh hQHeuﬁP b healing of injured soft

tissues includj ski rve and tendons, and relieve pain
Wi t hout the SUW? Q’amaﬁgwﬁ%ﬁudm gel'g‘i% haye; pegspetionRehas bere st ner ve
sti muP8t i bealingRthg sommanalityl of bBis plgwiolgkehprwadsses i dtishiesasugpesel Mamiid0 whi ch
has been E lateesflgrﬁﬁtwm%e' d?fe&i%WL&Elb gg]ﬂgnﬁ' &Bgrcl{ehll rﬁr Jﬁﬁ%és&% reélggg € a

I|ne22 ? Irerese 3 q\; line 24
(Fi g. 3”° %Sﬁ?eséﬂ‘i PRYEMS Wﬁ"%ﬁxlév Wﬁ%%cgeblnmémam Wen @é%ﬁr\eed Pevel s
26 and 28 coreipt exteontthritisend irfsbmniandimuluterhairtgeswit | ieduocaiwielmgQhd WBlhina@8om T

gg;;?nt : g;%}ri%c?%feﬂvﬁ#e&lég \?ggég thégﬂeaﬂgg gﬁ:éﬁrgcp rsgﬁetfl‘%uctsqﬁ B&l{n%glgnb%%nwg% when
aver a § 49 F’“ﬁ?ﬂ?t i refite Pa{fa Hithetrihe { HERERA disomErt D6 BBNBonent
In real - \A(irahs;tuapq:nuselactmmnsyemuﬁtmyn 20 is typically nodified in that all

vol tages or CUfEEeNiSafieAR¥nd RANRRLEA LW otf%V\v@z';\geformnEO which has been found

effective in stimulating bone fracture healing, where a line 22 (Fig. 1A) represents the

waveform on a short time scale, a line 24 (Fig. 1B) 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 timing between specific transitions.

Levels 26 and 28 are usually selected so that, when averaged over a full cycle of the

waveform, there is no net DC component. In real-world applicat}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. Altemnate repetition of intervals 30 and 32 generates pulse bursts 40, each of the
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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 bursts 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 pseé. Tests using sine waves, square waves, frequencies above about 50 KHz,

or waveforms generally resembling that in Fig. | 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.
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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 between 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 waveforms.



Liss, et al. (US. No. 5,109,847) relates to a portable, N MAMAFA0EE
el ectronic apparatus which generates a specifically contoured constant
current and current-limted waveformincluding a carrier frequency with at

| east” two | gngd3foegeency nodul ations. The 35 carrier frequ%ﬁ.)bshﬁmpﬁt ween
1- 100, 000 KHz; square-wave or rect angulgr-wave nodul ati ng requenci es are

0.01-199 KHz and 0. 1-100 KHz. Duty: cyctes may vary, but are typically
50% 50% and 7% . t veforns. 20 - 20 WO 03/.015866
PCT/ US02/ 26590 é‘?“%@i k%%ﬁ% %‘f@g‘l‘}é\ﬁé@i%@%or 'G(I%gé.ﬁ?NB’F'(‘)‘g‘?sesf@, gaplgitable| udes
an i npl ant $ihfEaneoyy, hregivan apd Smplantable slectaodes nifharreceiNee ceh det nadeasivaie
(rje]g:]gei ver cmlri%r?;enm naftey diamplaafion o Qﬂihfirlﬁf@diiﬁér&ﬁr enb@ae@foﬁtéhggehgmﬁﬁdﬁgy' ate

ifferen r St | don, paraneters (polarity and pul se
paraneters) | ntt%ér,)gg)?a"t% aﬁ@?ff?{gs\%e? afar‘i"geyeésgﬁ’rcgﬁerr@s g the ﬁ‘g” FERgEenieng
data i s trIPRATRENENataisttresmigedringhe forprodal medadated sipwll oon @reawaver Thave.
The progr@ogmdmsd stihlus canad nkslifae feb@@sd B i

o c i ed}ﬁﬂ_s 1 %Q%%yglaogﬁ\zﬁ]&%ﬁggs aR%.

physi ol ogi s and el ectrode inpedance. Honde
4, 255, 790)°q%[er'°§&c:%3| g@lgé'pr ogrammabl e pul se generating systemwhere the tine

periods and subilondeshemald-Sof Nohd. 25679t dpssribes aapegaminabledpiy  gingnahg 10
from a fungaemiitle Gk Gale feriBeAAGYL-BRAGNADE BB dat u?giu&e a0l Findy B kiln R
paral | g %ﬁ)tms aoffméarmeeﬁg?nﬁ/ d#w sion cirguits corine ted to that ciPeult. The
time perioda 2suBSATTE! AT TRRENY oRPHRTORETENE  PiLS dr Baiy of ipapllel sets of

Hsi ang- Laiffequancy|divigion Sircuils . co@negidd o7 thal) ciprudy i The: tune ppiadsasubsintovalsg@mer at i ng
positive oatpilt WOGPIrind GreVagighie]l C pul ses for therapeutic purposes. The
apparatus generates.a. sj gn 5 copsisting of successive pairs of pulses,
where the puls §_“’8$‘L8'a&¢f9p@|-$- é?-é'%f’&ﬁbawtdg PoAPRRAtUp o gemrating ppsitivaude,
dur ati on, anha@egative eleatrichmissedor thempatit ysponés. ealte fhratus ofkrikiea sighher val
bet wegB sueeRbRs VE sRéHetSv bai r e nkad ﬁPﬁig tley ri.abl e.. McDanal d
(U.S. No. 3, 589% 3,{(5:) g qoﬁbaéﬁugfgﬁ%er@'pﬁﬁh%&nﬁg e gtCJlfn%?’llﬁtp or arv?h?fc?Ppof)'Peoduces
bursts of PBRBITSecTheoamplitydn. ductipy, th)praryal betivsenithe pulpasref| caghupaire and dhea

sui t abl e. iR@val betmsérosureessive paidkaf pulsdsldreSnddpendently 94iddR2) di scl oses an
appar at us t hat pRHEEIE . €l et 4 £3l370¢ t r.counteract i muscl e’ :
at rophy, defect sbgue ?g ngpgﬁ njdfg?isg?)olr%p&rggr?%‘v{elﬁar.oé&cpa’élfcé% ,S“"“Q%H’ rﬁ%r‘ﬁhm,zi ng
the for maPlOgHCeS Lulshh f; Bidiectiopal nufspy by Lapplvne Ritinsetiopelt pusegrial & siitable
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5, 487, 759l)erdi1 by referéna®) 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 determine
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 therapeutic 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
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rel ati onspiig: width along a curve defined by a hyperbolic strength-duration curve. This is said to
result in proportionately greater recruitment of nerve fibers due to the nonlinear relationship
between pulse width and threshold.
30 The Kosugi, et al. system (U.S. No. 4,338.945) generates pulses that fluctuate in
accordance with the 1/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 patient 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
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met 26 for generating an electrical signal for use in bionedical
appl i cati ons. Actording tnith majot wdpsctsaand syroadly r itatad, the pheasitc inv@dgor Qs Mn
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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 gerierating timing intervals T, and T,; a second timing block for generating timing intervals
T, and T, (the timing blocks also generate intervals T;; T, and T, if present); an
. interconnection block” for combining these intervals into an outpht signal having
predetermined relationships among the intervals; an output block for transmitting the output
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 predeteﬁnined
characteristics. The signal has a first amplitude level L, during intervals T,, Ts, and T,, a
second level L, during intervals T, and T,, and a third level L, during interval T,, where L,
40 falls in the range between L; and L, inclusive. - -
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timng block for generating timng intervals T3 and T4 (the tim ng bl ocks
al so generate intervals T5, T6, and T7 if present); an interconnection
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at least four timng.interv T1-T4, said apparatus conprising: means for
generating a set 01(8;;3% Qé‘ta’l.'ﬁrﬂi‘r% timng intervals T1-T4, said tinmng
il_gt ervgl SSBavi ng<agg_r|(_11)g'_l1;g$t25@b§n§eg%%del at i onshi p_sl_3(a? (iox T'ZI'? < T1d<_d( 28<x
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el ectri canphfugsal having an anplitude. According to a second aspect of the
invention, there is provided an apparatus for generating an el ectrical
signal for use in bionedical applications, said signal based on at |east
bl ock.fof generapy me-o bysetdnd Afiect SPREihHToRCRL RO apparaius 0
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timng blocks, “5aid interconnection block conbining said intervals T1-T4;
and neans opea abtondctimingchleck far geaniethtingt 2 thinihtimintg dDrterbdloEkaddr fgeriker at i ng

:Rpl ??Lg@&lfg' ﬁ&%al\%,t s}&idS %keq'vglsn Il“?-rl‘\‘{ﬁldvsm-gr:!a'f);-)l_r%xiﬁﬁci:lg' t}?eurtepalilitons%igsn al having an
@ 2xTLTI<(20x Ty),
(b) 50 psec < (T} + T3) < 5000 psec,
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an interconnection block operably connected between said first and second
timing blocks, said interconnection block combining said intervals T;-Ty; and
 means operably connected to said interconnection block for generating an

output signal with said intervals T-T4, said output signal having an amplitude.
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val ues of involved in cellular responses to various physiological conditions. This results in mcreased
20  blood flow and inhibits further inflammation at the treatment site, thereby enhancing. the "
body s inherent healing processes.
The output signal is an important feature of the present invention. The output signal i is
a waveform based on at least four timing intervals T\-T, having the following relationships: |

25 (a) 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 second 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,s(20xT,)
(b) 50 usec < (T, + T,) = 5000 psec
() T;=(10xT,)

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



15 intervals (T,, T2), a plurality of paired values of int Kﬁ&*%#OB% T4),
and a plurality of anplitude output levels L,-L3. Mire preterably, the
transition between any two of levels L, through L3 has a decay tine

constant now@lhgdisgds than approximately 1/2 T2. 1f desiredy.0§,,28paratus
may produce a waveform wherein all anplitude |evels decay ?ovvar 482 val ue

L4  intermediate between L, and L2. In %his case, L4 may or may not be
equal to L3, and th 2(9 q,e(;_?% takes place with a tine constant no | ess than
approxi mately 10 ti f8s’¥,'s=thus, the output signal is adjustable in both
wavef orm and anplit (@& £d;sd;t the needs of the individual user and the

particul ar applicat 't%;rbs,q;nqtﬂfg)rmsfegat ure of the present invention is the
provi sion of i ntervaH T7, "during which intermediate voltage or current

|l evel L3 is present &8 ¥ B¢aesgab + ko rme00msan | ow | evel LZ. This 25
featuré® m nimzes the anmount of energy which is presented to the | oad (such
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character . ined to produce e desired output waveform
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with timng in gh T,, with a surprisingly sinple 5 overall
circuit confi ghnather faturenpfche present invention a the tpeovisiers ehinteirval/ € tduong iwhichhe use
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wth AC (a

for t? a rat.us.. le th nventl an may be yse ernating
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to create a desired transition 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 freqilency), 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 to 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



t he output signal and the particul ar application), sinpli fi’(#l@ﬂ a% dognt
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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 keypéd 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 advantages 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



Fig. 6 is a block diagramof an apparatus according to a p
enbodi nent of the present invention; Fig. 7 and 8 show anﬁgggﬁarg?()%c
oscillator circuit and a dual asymetric oscillator «circuit, respectively,
both bei ng wapddgsseét h the apparatus of Fig. 6; 15 Fig. 93h lural ity
of waveforns output by a particul ar embqodi ment of the apparat us o Fig. 6;
Figs. 10, 11, and 12 show a power suppllyl a pair of timng blocks, and a
voltage switching block and filter with associated circuitry,

respectively, qlntheb(ﬁwg sable with the apparatus of Fig. 6; 20 Fig. 13 is
a schematic view of |r of output waveforns; Fig. 14 illustrates a

wavef or m wher ei Figg h]eA \?’61 1Bgee pehomatic views afijausavetormaised in stipulatingcfractarest r ong

di rect curlreamg,@ﬁ)@)sh@tgmallow@tm btﬂvely15 shows an alternative form of
the circuitry rati f the signal of Fig.

14; 25 5I(ér g. 6%5 ?%ﬁgr |’t‘°?§t‘~‘33?’8’%€0‘&%@ g %%31 1§ DC conponent which is
reversed in pdfigr] thpwa e wasefom wdllntthﬁrmmttﬁfcgteonﬁosud | ustrates a waveform

with a DC Conp(mgfrlilsa@dleﬁﬁtﬁdﬁ@b@ﬁﬁdaﬁni&?&fﬁegitgna‘?ﬂltﬁfs Smpitu é)ll8$ ﬁloso an
SNOWsS

!
turned of f aft | ect ed | engt h rea
~alternative foﬁ{'ﬁo‘]}p@ @'ﬁ%sté"artfmtﬂ g‘f—‘to geolip gﬁaﬁ’gf‘?ﬁngﬁgﬁlé‘rateﬁ%‘ﬁ 30
of wavef orp¥enoh as those of Figs. 15 and 16. BEST MODES FOR CARRYI NG OUT
THE | NENTI ON I stm_ﬁmuls@aees@secﬁmuoamegmthe%%fog@ f f&r carrying out
en |

t he inventi on, fere 35 nuperal s are us to | structural
el enents, porti‘dh éeﬁtag@?le%ﬂ?@o &R APRALAMNS ggpor 'r“éé%alpff’fe’feﬂé"“ﬁ’P‘é!W Py theys such
el enent s, poesentiinveptiosur f aces or areas may be further descri bed or

expl ai ned by t h‘?g eNfrd £l 4k &9:115{86{&' Js&gﬁu Hituit a% a%?ﬂsés Wﬂ%? ver

the sane nu erent raw ngs I ndi ates t e sane

|
el emrent , ﬁHFY‘Fd?fPe§WFLVan’g’ g&ﬁmgd’rs%l&" E(é‘hW?é‘ﬁPa'PtP?%ftH&s(Ed Unl ess ot herwi se
i ndi cdtSed t he Hg. éhsinys aphardint efndedfomsbatpuedy 4 pattdiar entbddindnof 4fe

specificatakpﬂ? gﬁq.— gr& to be considered a portion of the entire witten
descriptio gt 20 March 2006 WO 03/015866 PC | US02/ 26590 -12

i nvention as r &4 1@gllpndd2 shay & powen supplys apsiscpfifisming hlocksand ar valtage
"hor i zont awijtchihy blotk aad filter wiktehdsocdiatéd giduitry, regpectiveOW being tisabld lvith the

adj ect i val Eﬂ%,@ﬁf\/ﬁ derivatives thereof, refer to the relative
orlentatlgﬂ é_‘l ?t{?ustrated structure as the particular drawing figure
faces 2P r eaditg 1345 agchematip viswiofjapais of pwputivavefamd$par at us for use in
provi di ng bi oemunmmssatesmwﬂuoﬁﬂ wherein the @6ltagé lval ars Bdliétéddol 816 probinee

appar at usagﬂggaé&tees?uﬁcmﬁéﬁgés g ?neapprom mately rectangular or quasi

rectangul ar gy tH at a chosen frequency bel ow
appr oxi nat el y 5tg- kpphows %“Iﬁltffﬂwﬁm f shesgipnitry 06 Fid xliZideségngd $0r geppration t er ed
out (howewEthe signal of Fig. 14;

25 Fig. 16A and 16B illustrate 2 waveform with a DC component whlch 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 length 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



different cut-off frequencies may al so be useful). These pLﬂOslelé‘rcé‘p?&QQr I n
bursts which 10 thensel ves are repeated at a | ower frequency. The

char acterwg“&é“gf the waveformare variable to suit differing
applications of target tissues to be treated, as will b&@I&SE¥IBWd furt her
bel ow. Referring nowto Fig. 4, therd2is shown a waveform 70 accor di ng to a
preferred enbodi ment of the resent I nvention. Waveform 70, indicated by

| i ne 72 inveadongasyequined by 3§ U.SK . | H118r Ve used hereihi/ theitertis Chdraontdld watiesly'al s 74a

149, 1 espagtigieh yupamdobrof hals) djpehval Ghd A0RHH EHIAS il Rrel “d' cated
o4,

as | evel IS shown_ as
shoul d 6%6 %ﬁ@\e gfeptation ttﬂﬁ_qﬁft'éal&ﬁosfmﬁe@e%*sﬁﬁﬂa?céﬁa{ Aewingolgure fﬁé&‘bﬂlenegat ive
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ni (d) 3 (011 l:)es anQr;éﬁet'c 7o a'?‘s"g% '%951@’ d&ggw '}E"q’}a“t}“é‘ﬁ(? 50)5

msec (h)’ T4 h& WS ggemnies ca TWaYef‘?@‘ hawoerapammely T1) is
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I(ea) wefm?r?mfeﬁ altlarrgsver Iﬁlte@reneﬁ 'M&acl(aFak)enerdaeofsmmvmefZAﬁ -4d3), 74d
T4) arvhiZile of Fuid diffefing! ApplidBoss C el i
preferﬁgﬁ %ﬁ ulfl 70 cosedg (I? gdgggr?cf%g]l n%grstoo af"qfﬁeg es are
35 ap g val ues of Ti T7 outside these ranges may al so be useful . )
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Ry _eackuaiacbind G ,nvehMTgﬂgﬁgmmcg Rl B ﬁgﬂ%ve% frorm an

aI ternatin
es 1BV % &%&mﬂ@*ﬂ“%‘i AdnErals J4a7he. cgeneatively,i and thwetlmlsr@rvgbagermn about
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cycl e , rch 2006 3/ 015866 CT/ USO02/ 26590 13
y -ﬁ 4“ Slgozﬂd b un_gélmom o L npgessHily £ ?rrlp“é‘"t"ﬁ CEBeEIA%s &have whose

T7 and s representing su ce SI'V

frequeﬁ???"qt °e‘s: Tptsratsch ~hpie skatefles llows: 50 Hz. Each interval T3 is
subdivided into a plurality of shorter intervals beginning with a single
i n@8rval T5, pro@edRixiy) & a@bxd,)pl urality of intervals T, and T2

alternating as oo Red3po ng with a single |nterval T6 whose
end 5 coinci desdﬁﬁ lRh t%gTJ}!?ﬁterval %3 so that a representative (if

atypically short\)l’\gg'x%ﬂpé'lfﬁght be T5, T1, T2, T1, T2, T6. Intervals T4
and T7, in contr@yt0,<ay &500kmse® subdi vi ded.

() 0=<T,=<T,
25 ) 0=T, =T,
(8) 0=T, =500 msec
- (0) 5 msec = (T, + T, + T,;) < 500 msec

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 psec. Intervals 74e (T) 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 should be understood that these ranges are
35  approximate; values of T,~T, outside these ranges may also be useful) Subject to these
constraints, any one or combination of _T4,' Ts;, Ts, and T, may each have any length,
including zero.

Intervals T, and T, form an alternating cycle T,, T,, T,, T, and so forth, representing
| opposite phases of a rectangular wave whosé frequency lies in the range from about 200

40 ' Hz-20 KHz. Similarly, intervals T3, T4, and T, form an alternating cycle Ts, Ty, T, Ts, T4, T,



First and second levels L, (level 76a) and LZ (level 76b) t or
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voltage or current levels, this decay preferably takes place in about 15 psec or one-haif 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,
(764) 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
interval 36 between pulse bursts. In Fig. 4, in contrast, 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, (76c)
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all T2s so that e nmount tinpe are spe each
cycl e. waveform su %H as waveform §Ofo using the same vallE)es of T, and T, may also%e effective.

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. SA-F are
within the spirit of the present invention.

The above-described waveform may be configured to be "chgxrge—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




For any waveform 70 or 80a-80f, one or nore paraneters S“Cfbfi':ﬁ] (ﬁlhﬁ)o%um of
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renoves unwant ed si gnal conponents and preferably also sets transition and
decay ti nE*REBMEYAIRS: a connection bl ock 104 which passes 35 the signal out
to a Rbad 106 Aoaeivbfouulat:cmdapg ta the pesent inyamticgswh gsavdvefoas 8dfor 804-80f,, and a
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I nterval sgkdesitfl of ftereds Yobfd'opt Bty 40 ﬂ%g%?gpin%%nye%ggl{ 68328 which
30  combines the signals from blocks 92 and 94 so that the succession of intervals T, and T,
appears only during intervals 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,,




16 or of both sets of intervals. Mre preferably, such palﬁ@g{#&tﬁ xal

val ues are selected so as to change the operating frequency of apparatus
90 while nmaintaining a selected duty cycle, or vice-versa. For exanple,

one such paiyoedyskdle set of intervals T4 and T7 may be O%Thfgoz/é%q och both
I nterval s approach zero, thereby naki nglpt he output a continuous pulse train
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out puts argmf rﬁtOEf&‘ E,;,gggssed by digital logic, constituting

0oC

| nterconnectl I n approxi mately the manner whi ch was descri bed
in U S Patent FiltRh1025may alsg inslyde 3py, subiable tng of avetifisr figy conyesting ag gtherwise
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: 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

u.r

interval T,, or to set output levels L, and L, relatively close together.
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  multivibrators 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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T2 are alspplyd®ltageser sed in both waveforns if the polarity of diode 130 is

reversed. With a diode 130 connected as shown, and’neglecting nonideal behavior of circuit
components:

25
Ti1=11xR; C,

T,=(LIx C)/ (/R + 1/Ry),
F: 1 ICTI +T2)., and
D=T] l('rl +T2)

30 -
where Tj 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 R3, the value of fesistor 128c, is large
compared with R) and R. For waveform 124b, T} and T, are reversed. Ty and T, are also
35 reversed in both waveforms if the polarity of diode 130 is reversed.
Suitable values for these components may be found by first specifying a practical
nonpolarized capacitor value typically in the range from about 100 pF to about 1 wF;
calculating R and R from the equations



Sui tabl e val ues for these conponents may be found by fi rst2(§%94h @g a
practical nonpol arized capacitor value typically in the range Trom about
100 pF to about 1 F; calculating RL and R2 fromthe equati ons 20 March
2006 = WO 03yB1386866°CT/ US02/ 26590 18 Ril= T1/(1.1 xO), and Bermsebesobl- 1 X
CG(1/T1 + 1/712)); assigning R3 any practl#cal val ue at |east twce and
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nodest amount of ex&gri ntﬂ%i n) to conpensate for the nonidealities of
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off the higher-frequency oscillator except during that portion of the lower-frequency -

oscillation when it is needed minimizes the power consumption.
Two such coupled CMOS oscillators can also be used to generate 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 L, 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



35 ained at various bionedical applications, including but ecessarily
limted to fracture healing, pain relief, and osteoporosi %@ﬁaé%[%@r\?t. For
exanpl e, a particul ar enbodi nent of apparatus 90 may generate the six
wavefornms i dinFig. 9, inany of a plurality of 5 ectabl e
intensiti es&b:ﬁgipies?&ﬁlavef ornms 150, 152, &nd 154 are pul se- Bﬁ*r’@?‘rz{zé%é 20
March 2006 WO 03/015866 PCT/ U802/2659b 19 waveforns, each having a

di fferent v?aQ/tefoﬂ{xs,\éggﬂur}%itn%ggdieij_fe%@%%ﬁ §alJe’s Ig-é_gfexlvglg ’[‘;,21;, 1}_‘2 Bn N ! Iw ilz ?P .il'4 and

T. are the sane 1 _ orms are ‘cont’?nuous
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di ff eri ng eyfiiQimedt\6fwHhforhb Y50, 152l 154, 4espetivel, aftRrihgfrén GltnCchfefly &f aset to

zero. An a of. a set of timng interval or the. 5 wayef pr f Fig.
51 o gt verks 0 Tapftdn Bachdanlpe Y Dltol MorLutBol O e A7 it BTG o o
154, 156, wasgformnef Ag(® isgMegin Bable 100 Ti ming Interval * Waveform T1 T2 T3 T4
T5 T6 T7 150 200. 30 10 3 50 - 54 15 156 200 30 - 0 50, - 0 152 600 70
10 3 150 - 54 TiN81.6QniAQ inteWald Bét waveformh®450,9130, 154) 156, B584@kd 1604 160 1500
170 - 0 400 - ?Fi 2% *(T,, T2, T5, and T6 are given in psec; T3, T4, and T7
are in nsec) Ti it “accuracy for the exanple of Table 1 is about t 10% or
20 psec, whichever is larger. An apparatus 90 with these timng intervals
has bd@n cleared by the U S. Food andmmedsteradni ni stration for use in the
relief of -chroWavefpann. DiTferenT,tinimg int® val sTyray also beT, 25 usef ul
for some applications. Wien one CMOS oscillator of this type controls

another in the manner shown, interval T. is the starting delay of the
hi gher-frequency ogscillator at the start of a pulse burst and is typically
about one-fourthle? intervd T  3nilelPntervil T63Ps sinply t¥at portion

of thes |last intasgal T, wexh réfmins -at thedend 60 interval 03. Hence, no

attenpt is nade t@,define T6 Bgyond at s al dy been ven.
Intervals T3, T4 lg%d T7 haé(sebthe gama &g?uesr?or ah%a t hree pu4se- bur st

waveforns: for tH&8conti nu¥% wav8forns, intdtval 19 is andefi fed while T4
and T7 are both z2840. Intgse@l s 170 and 132 ar e3 sel eqdged so thats4for a

pul se-burst type vef-orm ch rst may be, divi either igto

approxi mately 6- éﬁ%l ses (1'5ﬁ(gw nodul at i on")P gos in A&A@Se_form 35%150,

appr 0P nat el y. 15- 3T pdhsks aqd Tt givemidtsrsthh.ohy IndE FHingRsedf or m 152, or
approxi mately 35-72 pul ses ("high nodulation"”) as in waveform 154. The sane

val ues of o ioh Ll osobneARehnA2oPfible SR hoblt £ 1% 820302 Whichhet Whabgayous

pul se-train
An apparatus 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 starting 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 T; 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 shown in Table 2. '



To conpensate for variable tissue cross-sections to be tre%g{,&: 2@t fering
optimal current densities of various tissues, preset intensities tor each
wavef orm may be provided as 40 shown in Table 2. 20 March 2006 WO -

03/ 015866 PRghlodshesés26590 20 Table 2. Nomi nal out put curr BruSiH 5@0 out put
current fromconnection block 104 intgy,load 106, rreasure according to
ANSI / AAM St andard No. NS-4- 1985. Wthin |load 106, the current is

di stributed approximtely uniformy 5 across the full cross-section of the
| oad, with | ocal, variati.ons dependi n n the icular tis types
present). OQut p%?bl?:g‘rll\g n?\?ﬂ&’ %‘t’t"f‘hg '%Lﬂl’gﬁltgﬂ%g{*f%&@m&&ﬂ?l}ﬁ s Mde 10
LOW 60 180 MEDPMNitRIvad 60% meds@etl 6G0rdigN0o ANSIohME Standqud INme-NiS#tst oper ati on

i's recomended 15gy, Wigdd mﬁﬂ'tm@efthﬂﬁ'elﬁfls d?s&b%@ﬁracaﬁom{a@ly umntso or mor e;
treat nt peri ods ﬁfm O%frt}f‘ Pé even hj are recomrended
for maRy condi #§78% EY08 %F\‘ig? Blop é"étﬁ%ﬁ?‘i’i"%’taﬁ‘é“sl@ g‘tgrq“é'c“'ed to an
hour or | ess, particudar&ssue ¢ypes presemt)s pul se-trai n operation may be preferred.
Low modul ation is recomended for treati ng patients with thin or noi st
skin, medi um nodul ati on for nornma hi gh nmodul ation for thick or
dry Skl n. Simlarly, |lowintensi t bumzlﬁr:lér(r:ecl}gﬂ%ﬂded for 20 use on the
fingers, medium i nteHig oPeisgrHu ! A b I0de Nt ensi ty

el sewhgere on the tmoiw. Hovvever, t opt| mum corrbl natlg@n of settings is
best determ ned i ndjwi 1y for ch particul ar paéb(?nt being treated; a
nodi cum of experlrre ation may be plied to find th nost effective
combi nation of set tHKgE in any pab@d cul ar case. As ni#08d above, wavefornms
150-160 neet a t he saf requi renents of ANSI/AAM NS-4-1985. As a
result, an 25 [ﬁﬁ?"zﬂ usP“gsG St hORCFAEIOR e fst jrefqmmended: (px (freapmept pesigdy ofng 2
can s&fel yppvmmstelgl cmhlwewennow treatmesticriodsp tol eight hiours qxet d#l @advemBigherul at or

or TENS upj, ihite AR R of
Tabl es | angec% |nc ﬁn&B%respo%I%é%&@é gq%ﬁ d‘i%ﬁé%{g of
Fig. 6, e?‘élfé‘f»e@wﬁf’efmﬁ?'&’lﬁmwsl pulgsarain pparasion uay ke praferipdi | leove prodplation is

pr ef er r edrdchimegied fiar teeatingpatipmts tdthntiinb@ oisy ki Qﬁ&ﬁﬂrﬁ'&ﬁo@laﬁ@ﬂfdr mokhd 30
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typi cal | ythtbédyelbwewes tthd optimuridondbimakortlef seitings Ismetsdemhhed%ﬂwtdﬂaﬂry fgice

unl ess st r S S a
repl aceabg ﬁg@%ﬁ:ﬂ Wl‘%gbe lggot}t%{ed a%%gun}géﬁxp grlﬁlll%mmPHf"f%l i’ %68339 ltij’(rltc ﬁlééjnglgel ect or
switch 17mostgfiggtive Icprﬁgmenoad% sqtiiggs igrany @h‘@?@lﬁnc@él et naipd aboxe,pwaveferms
bl ocki ng €50046® nikéBall @iedsalelBhequitembrty @NANKIBO N4l d8hat ALk redultd ahe
! nserise d 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 parts 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 +1%
tolerance unless stated otherwise.

Power supply 108, shown in Fig. 10, includes a replaceablé 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 inputis 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.



backwar ds; and an el ectrol ytic bypass capacitor 180 which vk gesog charge
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two CMOS %q and 192; ree resist 4c; a
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| ines 184 and 6 ‘as ve and negative supply W th
each gat emﬁag,,&-,gﬁ@hmng lglypk{)z ingludes tye CMQS logic gates 190 and three rc31stors

194a, 194b and 194c; a capacitor 196; and a diode 198. These components form an astable,

30 asymmetric multivibrator 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" so
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 194c may have values of 732 KQ, 212
K@, and 2.2 Mg, 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



that it functions as a sinple inverter with mniml input S |
currents. Alternatively, an inverter may be fornmed by tyi%@%&#%%aéte
i nputs together. 35 By way of exanple, resistors 194a, 194b and 194c may

have val uesy@b3/0188%6KQ 212 KO, and 2.2 MS, respectively, piiidhb&ber ances
of 1% Capacitor 196 may be a polypropyl ene or polyester filmtype
capacitor with a value of approximately 0.100 PF at --2%tol erance. These
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t ol er ancegFipf 7)L %ith @apa Gutyosysle 0ine ﬁ@ﬁﬁﬁlébr&@ﬁﬁndﬁfg@ high duty cycle on line
210b. Altbmatively, reversing diode 208 reverses this relationship while the outputs remain
complementary.
' For example, resistors 204a, 204b and 204c may have values of 147 KQ , 154 KQ,

30 and 2.2 MQ respectively, with tolerances of +1%. Capacitors 206a, 206b and 206¢ 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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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
2402a~-240d hold no net charge.
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30 -and 226b are small general-purpose silicon rectifiers, preferably BAV 19s 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, respectively. 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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is provxdmg 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 PYC. Their lengths may be chosen as needed for a specific
application. Wires 274a and 274b, or sections thereof, may optionally 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 (0.030") diameter
metal pin, miniature alligator clip or other device by which easy connection may be made to
conductive blocks 276a and 276b.
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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 path.
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  plurality of resistors 312a, 312b, . . . to be selected. Alternatively, some combination of one
or more resistors 312a, 312b, . . . might be selected, or a continuously variable resistance
might be substituted. The resulting collector current is about one diode drop divided by the

selected resistance plus 10 Q, unless limited by other components.
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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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0. 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 signal 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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and -43  or other means for convenient 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
bousings may be useful if some or all of the described functions of apparatus 90 are
implemented using surface-mount components, rather than the through: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 carry 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
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| nf amat e FRBANCD, rdilkg HBRPOR'S RS RbaRE. OPs ROGi & HrN b0

S Or cu SO e

i ntact Of%g. 1SN, Si nce | SSUG can

af f ecded Bgsectktliad: g the am tiot, maey \ﬁam%ﬁ%s ybstifgtiensrantbe lea@ctprtbmref@fqdrrm i
have beenembisimete hefein ddmiheﬂ ywithoat depaftingOfrorfi ahd spifit ahdIstepe) of e rgésemn, and

repli Cat'ﬁ@éﬂ@h%h%@ﬁ%&%%ﬁﬁéﬁd I_ngr exanple, mght be treated with

sel ect ed wave riate mediumto increase cell 10
proliferation and differentiation in the preparation of tissue-cultured,
aut ogenous skin-graft



material. As anot her exanple, the growmh of bacteri a. gened) 2006,

engi neered to produce a desirable product, such as human insulin, mght be
accelerated, or their secretion of the desired product |ncreased, by
treatment with a suitable waveform WBZh respect to the above description
of the invention, it is to be realized that the 15 optinmum di nensi onal

rel ati onshHPY IS LAIMED st s of the invention, to include variations in
size, materials, shape, form function and manner of operation, assenbly

and use, are deened readi Ity appar ent and obvi ous to one ski]| ed jn the
art, and all édqui¥hI2Bparay igx |&9H§rﬁﬁuﬂ% angeleptged signal fof ruse g8 Premedisalyr awi ngs
and describhrdtibss, sk ssgmlbfaéeqa&ﬁ ap léiars@fdu'i‘ttﬁﬁ‘iﬁgqntteﬁraﬂel‘le'm:%ﬂa§[§;ﬁ€£msby the
present |nvent|on her ef ore f oregoi ng description is consi dered as
i |1 ust r atcoperigngy of t he principl es of the invention. Further, since

numer ous nodi f . S lled in
the art, it |slﬁerc‘1’g§ffopgsr rggg%p&??%q?a te | nvg "it?%%g? f"f%ﬁ"é‘ﬁ‘g‘% ﬁtgg‘}r%isstructr on
and opeﬂmtzmgapmbnmte@nthedﬂatmnsliupd and accordingly, all suitable

nodi fications and ui v TTBY esorted to, falling within the scope
of the invention. %’us a(#txn‘fxf’r ‘bézgﬁalé)rent to 25 those skilled in the art
that many changes gby SLﬂosﬁsedc(T,Orng)eamobgsémde to the preferred

enbodi nent herein described w thout departing fromthe spirit and scope of
the present inventfon ds2ddPxdedaml t he appended clains. 20 March 2006 32
VWHAT 1S CLAIMED | Sig)l. AYx RPR3OGHIdS; hd generating an el ectrical signal for
use in bionedical appl ications, said signal based on at |east four timng
intervals T, - Tmeanséwdcmdpmnatsasl timangp hitgivaly intreaneledtocal gegnat deving 2a set  of
at | east a%%?ﬂud%.' mng intervals Ti-T4, said timng intervals having

appr oxi mat he rel ationships (a) (2 x T2) < T, < (20 x T2), (b) 50 sec <
(T, + T2) < 5000 psec, (c) T3 > (10 x T,), and (d) 0:5 T4 <_ 500 nsec; and

means for co | ni said timn s,into an electric s nal, havi ng
an anpl i tud ﬂ%’ﬁ@"‘?&ﬁ&? ?ﬂﬁ% as arné fé’%’&FrF?P‘NSE‘FHﬁ‘ef“S PGRPlSPMISHSr i si ng
nmeans Op%wgexﬁ%ﬂgﬁieeﬂk fot &a%@égg afRAR bAS bN@idMRRAIS B~ Thangi ng at | east

one of said interva The apparatus as recited in claiml,

wherein said gen atl ng means %goduces a  plurality of paired val ues of
sai d interval hg ABPaFatus 3seeifedn elgip 1; whetginsaid generaiinedneass Pradycesgne of
sai d pai 'bﬁﬁialifflbﬁﬁa%ed JalucssT sBARAERAN T, 8Rd Tf%:hﬁﬁcdxﬁprﬁinghﬁea&s fok WEILORY
conprising means for transmtting said ectrical signal to a |loa

The apparae obsaispairsdvalees.in claim 1, wherein said set of at |east four
timng

4. The apparatus as recited in claim 1, further 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—T5, said at least three
additional timing intervals having approximately the relationships

(€)0<Ts<T,

DO<Te<T,

(g) 0 <T7 <500 msec, and

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

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

followed by an interval Tg.



intervals further conprises at |east three additional tim i S
T5-T7, said at least three additional timng intervals hai\;qglP#é"péhejO\()6
approximately the rel ationships (e)0 _sT5<T1, (f)O0<T6<T,, (g) 0:5 T7< 500
msec, and (f) 5 nsec < (T3 + T4 + T7)33< 500 nsec. 6. The apparatus as
recited in claim5, wherein said interval T3 further conprises a sequence
cont ai ni ng an’i ntl8¢ opparates as resitedyipedpimg, S, ahereincsgid intarvals Ior Taotnd Ftforyal s (T, ,
T2), fobémiMasudbq@incd St repasahg iHeervA9TMANCH 2006 33 7. The apparatus as
recited in clalm%, wherein said intervals T3, T4, and T7 forma
continuous sequence of repeating intervals T3, T4, T7 8. The apparatus as
recited in cl & mlBSaPARIUA s reeifshyin flainhyy fishencomysising Biegns prAly cappected saj d

gener at i figsalte@dneralifg meARTe dh@nghg hilagt o6E seild is@ivdlsimter val s Ti-T7. 9. The
apparatus as recited in claim5, wherein said generating neans produces a

plurality of paired values of .said .intervals T4 and T7, further conprising
means for sel éct ffﬁaaPP&FFé“Scﬁ* FesB ThSlP bt Wherci aid gemerafing MEARSRTRAEES A

recited plaratitypbfifalred Vdhess @ Baid ditdvadP) adduDe fivtheScdntprisihg lebhsCi} sel&dtgpal
further con%)fri es: (?1 first level L, during said intervals T,, T5, and T6; a
second | &t P PAPY YAlUSai d intervals T2 and T4; and a third |evel L3
during said interval T7, wherein L3 is between L, and L2. 11. The apparatus
as recited inlel Thenffdratvhmrrediteddn clagn i, whereinbaid\anplitadeyoft safdl €léctricadi d

| evel s L,. trfro h L3 has a decay tinme constant no greater than

appr oxi NI IEKLCHRPTSCS | ength of said interval T2 12. The apparatus as
recited in cl aifimt Iel If, dotihesaiCimrgpvdlsTNTs,and Tyyrt h | evel L4, said |evel L4

being internedi ate,sai,d | evels. an 2 erejn a transition between any
of said |evef&Pnd eﬁ?@dé‘ﬂ”ﬂ%saé H’tesr%zﬁﬁllq %‘W\gﬂ Erlfi has a decay tine constant
no | ess than apprddeveih} ébrihglid ihterRETA wheriit D, i9bets@eslLi aadgnrval T,. 13. The
apparatus as recited in claim10, further conprising neans operably

connected to i & conbini ng _neans f.or angin t l.east one of said |evels
o hrougn Latt ThE SRl (B0 48 BN n Bensif R benexh e of

conpri si sagl leednk; hpeaglabl asaodeosctirae costastndgrenetha dpgroximadicly bag-halfh ect i ng
anong a Bl-l%i’ch%lfgz}ié(in fm\ﬁarl ues for said levels L, through L3 15. An apparat us
for generating an eT'ect i cal si gnhal for use in bionedical applications,
said signal based on at least four timng intervals Tr-T4, said apparatus
conpri sing: al2.i The apgparatusgs dcgekinf daimgkh furthicr cgmm@isirgrasfoutth tavalgLs, sdidr val T,

and a Sel(égaqm;tblemgqgtermediate said levels L, and L,, wherein a transition between any of said
levels L, through L; and said level Ly has a decay time constant no less than approxi_mately 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 TTs, said apparatus
comprising:

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

interval T»;



interval T2; 20 March 2006 34 a second timing bl ock for g?@%?tli@) th| rd
timng interval T3 and a fourth timng interval sai d ,

havi ng approxi mately the rel ati onshi ps (a) (2 x T2) <- T, < (20 x T2), (b)
50 psec < (T, + T2) < 5000 gsec, (c)3%3 > (10 x T, ), and (d) 0 -< T4:5
500 nmsec; and an interconnection bl ock operably connected bet ween sai d
first and sec@rsgeandtinnipg blekk &k generating 4 whirdtiowng édervd s ahd e Kowthntirningng sai d

i nterval gydibalff,; Sa@&lgtmkeﬁgﬂg,ﬂ@ﬁg{,ﬁgsal %’IB&“&?%&‘?I nt er connecti on bl ock

for generating an out put si |nt erva sai d out put
si gnal having an (@nﬁIXTz)déﬁﬂ%OXTh)e apparatus as reci ted i n cl ai m 15,

further conprisi 8 fudeb LT, PRy 8800 useonnected to said generating neans,
said filter sel egfg)l ve ; trqahsﬁle)[t?(%lg ”sstégnal conmponents within a select ed

frequency range. (@7Ts TH® xappeandt us as recited in claim15, further
conprising power @UpRhY <HoBRSec;REr @bl y connected to said first and second
timng bl ocks, said i nt erconnection bl ock, and said signal-generating
means. 18. Theénappapriegiondblockeerierably ¢annested hetwsen said fitseandcsspqnd timing means

oper abl y bioe R BRAiithebihesinbl RIS APARSVAIOT hahgi ng said anplit ude.
19. The apparatus as recited In claim 15, wherein Sald first and second

ti'mng bl ock#eppsrapprably eormeetedste sqifl infercopnertior blogkifongengtating andutpuy signalt or s,
respecti wﬁhxald%Qeme ?peﬁaaﬁtﬂaspgﬁalrh%h%egg}l@ tga@' m 15, wherein said

i nterconnection bl ock uses ah output o Irst astable multivibrator
to control said second astable nmultivibrator. 21. The apparatus as recited
in claim15, Whelf#pparays gatrocied dp dlaimsiS.fRyrther: ¢ammising; hifidey apesablyir t her

conpri seéoﬁfectggf &kau; gén%ﬁdgag%etahsogah fﬂeem&ugawa}{ahlﬁl ey ré% Jn% Q said

first timng conpri ses neans genéra er val s T5
and T6, withinai seleswiddregesonchnge.nm ng bl ock further conprises rreans for
generating said interval T7, and V\/nerei n said at |east four additional

timng interv ave I‘OXI at i onshi T5< Ti, (f)
0 278 7o Ve THEMmBRE! kR T YT, BghoBRapBRoN B PR Bome < (T
+ T4 + Té’ber&b bly B&iheaeem satPfirsT gl PRI @hing biseks,eeidtif@rdofingtién Blodi, andher ei n
sai d |nter ‘Il'3 further conprises a

sa1 51gna -generating means.

18. The apparatus as recited in claim 15, further comprising means operably

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~T-, wherein said
first timing block further comprises means for generating said intervals Ts and Ts,

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

(e) 0<T5<T,
(f) 0<Te<T,
(g) 0 <T; <500 msec, and



sequence containing an interval T5, followed by at |east [ o\
intervals (T,, T2), followed by an interval T6 23. The ag%tgl?% cl}lsz@g
recited in claim21, wherein said interconnection block divides said
interval T3 into a sequence of short et i nt er val S, said sequence consisting
of at |least one interval T5, followed by at |east one pair of intervals
(T,, T2) foll owebymsec £ st Tohd)inirmsee. T6. 24. The apparatus as
recited in claim2l, further conprising neans operably connected to said
generating Weiﬂsflfl@gpp_éﬂﬁﬁ%f&ﬁiteﬂtinhmﬁl,%%réﬂ{saﬁﬁhénﬂaﬁ;m§o£ﬂﬁ§5¥a 25. The
apparatus as recited in claim2l1l, wherein said generating neans produces a
pl ur al i t FYFHPEENING apdateprl dai RRllpwed by At deaph ong, gair pf intervals (T Johpr i si ng
means f ofolR®ke8 by bR thte9Mer,0f said paired values. 26. The apparatus as
recited in claim?2l, wherein said anplitude of said output signal further
conprises: a fir level L, durjng said intervals T,, T5, and T6;. a second
|l evel L2 duri %%J iﬁ? @HW%&‘T%CAF?%‘I‘B}M‘F%{WH S%ldfrﬁ?rP‘HmF‘é\S’BI%IOEISdB’L‘ﬁang sai d
i nt er val sald intéi T8 iifto b%edgt&n&eém&fbrlimteﬁﬁlg, darl seGitflce EORBINEN | E?e‘@ft)bnﬁonnec'[ ed
sai evel s L,

to said conbini nmeans r changing at | east one of

t hr ough E‘é"r‘éa*qJ5r}%llfl§vegg’élé‘l‘ Ef"ﬁ@n%l%a“r C‘P‘F'é’alsi(ﬁ’EF)afPEﬁ"?é,by\ﬁh@?%PFF mteryalnsi ti on
bet ween @py two of said levels L, through L3 has a decay tine constant no
greater than approximately one-sixth a length of said interval T2. 28. The
apparatus as cited in claim26, further c rising.a fourth | evel L4,
Shrd level LAToEhegrpiips dadraiel Baflem dbeRater Sofifae TEneaRTHRY vol t age
initiall yormeditedito saidsEheatigtimesiRdorbhatdihglat Ieasebike df saidiftetvdlsdpdayi ng t owar ds
said level L4 with a tine constant no | ess than approxinmately 10 tinmes a

| engt h of saig iﬁ erval T, rrea(gs cggperlgablﬁ c.onn.%ct ed to said combining
means for chafyi E}e APPSR EFIEYIR M\ WHOTSHERIC BEReTaIE MegRs Pfﬁg‘ﬁﬁeéi’us as
recited ploratityeofipaizéd vdluestolfiedid amerdls TJ gl Tre Altherog@@ipaibiny meayfoesdl&tingo sai d
conbi nin mean fordsql ecting anong a plurality of values for said | evels
L, thr oiqj'beho 153'¢ P3PS 't hod for generating an electrical signal, said

met hod conprising: generating at least four timng intervals T,-T4 having
appr oxi mat el y26.h&he gipatatus astecigd in {laim % 12 wherkh)sard amplitadé 0said olighut sigdml 50 psec
< (T, + < Q psec, (c) T3 > (10 x TlI), and (d) 0 < T4 -< 500
nsec; angl};@%)rn%ofmr?%%gs’sai dtimng intervals into an el ectrical signal having
an anpl it ude. a §tst IevhleL nbiring daid sntereals Ted'sjanddlspi m 30, further conpri sing

sel ecting one, (s)gcor?‘d %lvglr]?zlduh}{g said intervals T, and Tj;

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 T;.

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
appi‘oximately 10 times a length of said interval Ty;

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



of paired values of said intervals T, and T2. 32. The neth s.recited in
claim30, further conprising the step of generating at Ieg€ﬁ¥ﬂ}g®6
additional timng intervals having approximately the relationships (e) 0 <
-T5 < T,, (f) 0O<T6<T,, (g) 0:5 T7< 5086 nsec, and (f) 5 nmsecs < (T3 + T4 +
T7) -< 500 nmsec; and conbining said additional timng intervals with said
intervals TrT4ot orhRr fpufatisSAl Reitdd BC Lhirk &6, Fh@Ra! compAising NMRcaAE REEAbES
recited in claim32, further conprising sel ect | ng one of a pluralify

of pai r ed coufietfed togpidsamyginingragapsfos sefertingemang, a urality loé vatessierdaiddevelsdiit ed i n
claim BZﬂH{,ﬁg};ﬂer conprising: adjusting said anplitude to a first level L,
during said intervals T,, T6, and T7; adjusting said anplitude to a second
| evel L2 during said intervals T2 and T4; and  adjusting said anplitude to
a third level 3@3 Agmethadyfos gengrating e glegtricplsigngh spid method coprisingt ween L, and L2.
35. The met hoQemSating ai leQdfduPtifing i rdds T{-HT, hi\gs @Ema'iamew&ﬁm;;@g anmong a
plurality of values for said |evels L, throug%‘u 3. 36." An apparat us
conprising: 20 MR b8 T 3120x FBans f or pl acing at | east one electrically
conductive body i) s®Nea&i(TW T))<Sk0dpRE, @ human or animal and applying a
wavef orm of vol tage or current 'to the electrically conductive body,
wherein the waveforhmzOfxTiyesda first interval wherein the waveformis

hel d substanti al larity interspersed with a second interval
wherein the mve#@??ngtrégﬁrggﬁ%sgy burst of pul ses, the burst of pul ses

al ternati ng bebtmbiaingagpdmirigdnteyhBlintd aredecttidabsignab iy amaaiplimdeh pol arity

havi ng a given duration that produces a substantially flat-topped

waveform the_first interval. being.| er, than the second interval.. 37. The
nopar at us of 2t aith o feielh iim ARGt POt SEERGE RS SRS | 5o
a subst apf paidell Yali@Qf 8did ikervals TyauefTor m 38. The apparatus of claim 36,
wherein the duration of a first polarity of the opposite polarities
conprises at |l east twice but not nmore than twenty tipes the duration of

t he opposite ﬁgl iﬁ‘?f‘}ﬁﬂ‘@g‘? reFH@‘PE‘p%%F’a%qu r eqnaprisingdhe HpRaplegeneeing favef or m
i s appl i edstlidedUdIRdNA timiR it alsHa A Lﬁyro:&ln%fy&m;laﬁﬁ&ﬁﬁi?;l ¢ treatment. 40.
The apparatus of claim 39, wherein %he el ectrotherapeutic treatnent is

sel ected from t h&)g?8dp=deonsi sting of stinmulating fracture healing,
stimulating woungfy 0<T,<T),

(g) 0<T;<500 msec, and
() 5 msecs <(T3+ Ty + T7) < 500 msec; and

combining said additional timing intervals with said intervals Tr—T4 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 T4 and T.

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

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

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

‘adjusting said amplitude to a third level L; 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 L.

36. An apparatus comprising:



healing, relieving acute pain, relieving chronic pain, treati
ost eopgrosi s, stinmulating healing acceleration, relievi ngaé&ﬁqg‘f}} %(5)6
relieving inflammtion, treating tendonitis, treating repetitive stress
injuries, treating carpal tunnel syndBdne, treating osteoarthritis,
nodi fying the rate of cell netabolism nodifying cell secretion, nodifying
ge” repl i cat iaqfieans ﬂaa@latm'graglembhe aéc?hdaﬂjae@{dharve%ady nmlhﬂ‘a%i\ﬂgn skﬁl:cdfa

[ erenlatlon. appar at of . cl ai m 36 erein t ormis
or oduced inii e GoP SRR APSfom o Rl gt b PSRy B BENfor n by a
human or bady, mal and appl i ed to the human or animal with at |east two
electrically ¢ nduciﬂve b . conI. act with Ehe StE' n of_the hugan or
ani mal . 42. THE“HHb d”ﬁ%"%‘?n&?'a?‘?ﬁe%é ns{, mereal WhSHEP| e NEVRHREMSS 81y enpve
or mi ni misatestantidllyast sto polapion idirspentd twWith wavehdrimesal ederth fheowaveRemgr oup

i i m 26 CBEECE B Ah kP e fieT e oF PR TG by BB SE moielie e

unwant ed watefbme queack ipelrity having a given duration that produces a substantially flat-topped

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

37. The apparatus of claim 36,
wherein each pulse of the second interval comprises a substantially rectangular

waveform.

38. The apparatus of claim 36, wherein the duration of a first polarity of the
opposite polarities comprises at least twice but not more than twenty times the duration of

the opposite polarity.

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 injuries, 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 wom 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 to 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.



