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The present application clains benefit of United
States Provisional Application Serial No. 60/480, 890
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The present invention relates to a pul sed signa
generator for bionmedical applications. In particular,
the present invention relates to a |ight-weight,
conpact pul sed signal generator that produces uni que
out put waveforns based on a plurality of relatively
long primary timng intervals T], T2 and so forth,
formng in succession a primary repeating cycle; a
Splurality of shorter secondary timng intervals tl, t2
and so forth, into which at |east one of said prinary
intervals is divided, and form ng in succession a
secondary repeating cycle which continues throughout
the length of that primary interval, while at |east
one other of said primary intervals is not so divided,
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25 1nto wgluch at least one of said primary intervals is divided, and forming

in succession a secondary repeating cycle which continues throughout

the length of that primary interval, while at least one other of said

primary intervals is not so divided; a plurality of constant voltage or

current levels L1, L2 and so forth, one of which is selected during each
30 primary or secondary timing interval.

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

35 In addition the invention comprises a circuit for combining these
selected levels into an electrical signal having a stepped waveform and a
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conditions that impact healing processes, fractures heal more slowly. In

30 some cases, the fractures do not heal at all, resulting in the conditions

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

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

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

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

traumatic injury, but also for chronic conditions such as osteoarthritis,



accel erated by providing artificially-generated
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shown to have many effects in the body, including

hel ping to direct nobile cells such as fibroblasts and
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30  with no net DC component.

While most complex-signal studies to date have been performed
on bone fracture healing, the commonality of basic physiological
processes in all tissues suggests that appropriate signals will be effective
in accelerating many other healing and disease-recovery processes,

35  although not all such signals will necessarily be alike. Indeed, specific
frequency and waveform combinations have been observed to combat



been found effective in stinulating bone fracture
heal i ng, where a line 22 represents the waveformon a
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waveformon a longer tinme scale, |levels 26 and 28
represent two different characteristic val ues of
voltage or current, and intervals 30, 32, 34 and 36
represent the timng between specific transitions.

Le\é?ﬂe%axgﬁnﬂg %nagxg'@f) %n'i‘é rhﬁﬂa%eeh% WﬁR Hl'ﬂfce #&Nng and

aver over _a
S Enineren: St fosstizb ke lopnas R D e s
appisswat inohslingeskéi onenvesicligame®d drsl tepdions) ayd relieve pain

m%ﬁﬂo‘%ﬁi th §fRticRkh ¥RLdAgss & TENY eptrEnd&EMeous electric
F Tt owar g

exponentja sone I nternmedi ate | evel between
| eRETE Sign 0% with a decay tinme constant

pr ef er aEiguré dngkowk hagcherhatis/ azlle\84of dheavefonit 20 svhich has
CI aﬁj e?f’écﬁv{a ﬁlgula{lﬂ ﬁé’tlure hea]fm where a line

evi C e ture
noaarrrcmﬁsen Sﬁh@we @@npg IW@C?{FGC @3 a@resents the

l nts@ﬁq\éaxk/a\'ﬁéfoﬁ’ﬂocbﬁ a%ngbfl tlms@ﬂd,slevemm watl Z¥regresdnt Gwo
A CURERE e dpefifaL Yoo ﬁ‘?&%té Sl aud 3Reie 0, 52

puI éeaftdjﬁétr§1312ﬁt§€n"eﬂtﬁwtlﬁﬁn$ REtW eI EPE C.tﬁtnértms 3ﬁeve s 2

Sel@ﬁﬂ@@dr&ﬁsdamyeéé&@&t%d(sfo ﬂh@.ﬂg\t/heﬁﬁvefagwﬁlmrtdﬁﬁﬂl cycle of

R L e e
al tvmrhhtap cdismae BavE e SuGHsAR R 19 B Risally m@qﬁ% &y thyt all
aB%‘ltgégér)Qr tarrend & L}gﬂek pEM&EhtealBS to@&t}:}dtso&’,ﬁ%nté'hﬂe(huteslevel

requenc

A
of tharbittenvial 3f1 Yheoresulyiarepresontsreby adingsifes may
;ﬁzpags'lerg'a: ftﬁﬁ@ﬂt Wnﬁ‘l‘i’erﬁﬁflllyeéi}aﬂaﬁlef fd%ffﬁid:t f(fl’f aQueng i fescture

way ef
o o PR, Bher o UL T Il BB B, Bsa? 42%out 30
f r anicoosscouds, nnteivalekkakanti Swnsllmpmd&, nad pﬁ@@?’@é’sﬁ grout 60
03trﬁﬂ]?§€c%ﬁﬂ§ Aq)fbrhﬁ‘l% 1@ E‘t@ﬂioﬁ‘éﬁ@'nteﬂ/a\l\@gﬁfaﬂﬁfB§§eﬁéih@s pulse

1l Lo pad JenseB o 8ResAL 24, BBl g dntervals of

aI tlemgtht361g1 wittibh ithe etgral serbainsf agpaprinatgly2at lrﬂvelﬂ Each

f r Wnoﬁ ARRE VEnREE LY RRtanbaldiZwadaed af’fﬂe%tﬁ{ betiveen

A e e T SR e
eaciboapBb¥ic aThepulseybwatsyare Thpeatedath fraguensy of ahayt 15 Hz

al v,
o RULEN e SR 7 PO gt a0l peablent sibsanly

Thi®® $8P%doxi cal rel ationship is shown schematically

30

35

in Fi g. Byweneey éissudsi may respond differently to markedly different
frequencies and waveforms. For example, the waveform of Figure 1 is
effective in speeding the healing of a bone fracture but much less so in
slowing the progress of osteoporosis. On the other hand, a waveform 50
(Fig. 2) consisting of single pulses 52 of polarity 26 lasting
approximately 350400 microseconds each, alternating with intervals 54
of polarity 28 at a frequency of approximately 60-75 Hz, can slow or
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30 Another field of application of electronic waveforms is in the area
of pathogen devitalization. It has been shown that some viral or
bacterial organisms can be destroyed or devitalized (made unable to
infect or reproduce) by the application in vitro of chosen electric signals.
Since signal levels for this use are typically much higher than in healing

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

35 at least two low-frequency modulations. The carrier frequency is
between 1-100,000 KHz; square-wave or rectangular-wave modulating
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stimulator which produces bursts of bidirectional pulses by applying
unidirectional pulses to a suitable transformer.
Landaver (U.S. No. 3,294,092) discloses an apparatus that
30  produces electrical currents for counteracting muscle atrophy, defects
due to poor nutrition, removing exudates, and minimizing the formation
of adhesions. The amplitude of the output signals is variable.
All references and patents disclosed in this patent application are
hereby incorporated by reference in their entirety.
35 Units designed for use in transcutaneous electroneural stimulation
("TENS") for pain relief are widely available. For example, Bastyr, et al.
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nerve stimulation device for pain relief. The device produces a bipolar

rectangular signal with a preselected repetition rate and width for a first

time period. Then, a rectangular signal is generated at a pseudo-random

30 rate for a second time period, and delivery of the signal is inhibited for a

third, pseudo-random period of time. This protocol is said to
substantially eliminate adaptation of nerve cells to the stimulation.

Butler et al. (U.S. No. 4,431,000) show a transcutaneous nerve

stimulator for treating aphasias and other neurologically-based speech

35 and language impairments. The device uses a pseudorandom pulse

generator to produce an irregular pulse train composed of trapezoidal,
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The accelerator design is based on Fourier analysis of nerve action
potentials; the output frequency can be varied between 1-1000 Hz.

30 Galbraith (U.S. No. 4,592,359) describes a multi-channel
implantable neural stimulator wherein each data channel is adapted to
carry information in monopolar, bipolar, or analog form. The device
includes charge balance switches designed to recover residual charge
when the current sources are turned off (electrode damage and bone

35 growth are said to be prevented by not passing DC current or charge).
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The apparatus according to the invention may be used to provide

30 electrotherapeutic treatment for human and animal patients, including,

but not limited to, healing acceleration (bone and soft tissue), relief of

acute or chronic pain, and relief of swelling and/or inflammation.

However, such an apparatus need not be confined to use with intact

organisms, since isolated cells or tissue cultures can also be affected by

35 electrotherapeutic waveforms (appropriate electrical stimuli have been

observed to modify the rates of cell metabolism, secretion, and
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t he bodyt is another object of the present invention to provide an
30 apparatus and method for accelerating the healing of wounds.
It is another object of the present invention to provide an
apparatus and method for reducing tissue swelling.
Another object of the present invention is to provide an apparatus
and method for increasing angiogenesis.
35 It is yet another object of the present invention to provide an
apparatus and method for improving the survival of skin grafts.
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OF THE DRAWNGS Fig. 1 is a schematic view of a
waveform used in stinulati cture healing.
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havi n an
appr oxi Wig-eldy idlusFaissdal generalized waveform according to the

invention, having a series of primary timing intervals and signal
amplitudes contained within a stepped envelope approximating an
25  arbitrary curvilinear function.

Fig. 6 illustrates a waveform according to the invention, having a
carrier frequency contained within an approximately sinusoidal
envelope.

Fig's. 7-9 illustrate waveforms according to the invention, also

30 having carrier frequencies contained within approximately sinusoidal
envelopes, but demonstrating alternative modulation schemes.

Fig. 10 illustrates a waveform according to the invention, having a
carrier frequency contained within an irregularly pulsed envelope;

Fig. 11 illustrates a waveform according to the invention, having a

35 carrier frequency contained within an envelope which approximates
exponential decay.
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25 Fig. 21 illustrates a generalized electronic configuration of the
invention, using discrete integrated-circuit timers and sequencers.
Fig. 22 illustrates a generalized electronic configuration of the
invention, using a microcontroller or microprocessor.
Fig. 23 illustrates a simplified circuit which, for purposes of
30 illustration, generates a waveform similar to that in Fig. 4.
Fig. 24 illustrates a second specific embodiment of the invention,
configured to generate a waveform similar to that in Fig. 6 or Fig. 16.
Fig. 25 illustrates waveforms associated with the circuit in Fig. 24.
Fig. 26 illustrates a third specific embodiment of the invention,
35 configured to provide a choice of waveforms of types broadly similar to
those in Fig. 4, Fig. 6 or Fig. 10.
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m crocontroller or mcroprocessor. Fig. 23 illustrates

a sinplified circuit which, for purposes of
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exp4lee Bbhﬁghﬁéd fol gbneddteial JVWéfbﬁheﬁrrﬂaf kd the BOLSM drfe in Fig.

the inventio ur.ed to generate a
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i 11 ust r dtigs3hellestmtesswaseforinanssborited witle the eicenit i Rig. 33.
1§F19. 31. Fig. 33 illustrates a sixth specific
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20pr eisantigncand shpbldired beddkenin adrrm)tmwsame The entire text of
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G DR e e ian o Uit §ﬁ4§ess HSASIOTRL AppHication
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| nc udi ng tes Provis icatl
9983y e Dlmgellsy ALY Oh BiR ls%ﬁwﬁ opfigized to
shocrdrmspnngstoohamralobody tsignals resultmg in accelerated and more
permanent healing. The signals described herein uniquely conform to
natural signals and consequently tissues subjected to electrostimulation
according to the present invention undergo less physiological stress
30 when compared to electrostimulation from previous devices. In
addition, the present invention is non-invasive and cost-effective
making it desirable for multiple applications for personal and individual
use.
According to its major aspects and broadly stated, the present
35 invention is an apparatus and method for generating an electrical signal
for use in biomedical applications. The signal includes a waveform
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tr ﬁgﬁ?l@ﬁoﬂ’lﬁﬁsb’h@ s TOnous y, 1n ttie latter case, either the first
timing block may be dnven by the second, producing primary timing
30 intervals T1, T2, T3, T4, and also T5, and T¢ and so forth if present by
frequency division, or both timing blocks may be driven in a like manner

by a shared timing source such as a crystal-controlled oscillator.
For consistency in the following examples, but without any intent
to limit the invention, T1 will be considered to be the "at least one"
35 primary timing interval which is not divided into a plurality of shorter
secondary timing intervals; L1 the constant level of voltage or current
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W th the apparatus); a battery pack; and, optionally,
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30 fixation pins or electrically-conductive catheters) which have already
been implanted for other purposes, through bodies of conductive liquid
in contact with the skin or other tissues, or by similar conductive means,
providing a wide range of flexibility to suit individual cases. (The term
"conductive" is here taken in a broad sense including both ohmic and

35 capacitive components, as will be explained later.)



envel ope. By extension, where two primary intervals
contain secondary cycles running at different rates,

wo b@s®osey be considered as two di fferent carrP@r/us2004/020207
frequencies. An inportant feature of the invention is
that its output appears as a floating, differenti al
voltage or limted current bgtween one pair (or,
optionally, as such voltages or currents between

| h t
e LR
t h@elfdayltamﬁdugnosirﬁ@wku i cmnaﬁact@ee candbdsggintain, and

g hre@ugbnicandidc ichite wuw@aldrf@ﬁsem@ﬁded HepiedB. COmdisCkhfee for
evi ces

ol SEPP |lff€§1hla%}ﬂaalé? iRl e R e Hning, aad gl to
Sbe@q:ncmte ansighal s desveibedualpeeand tdalivigght edticientlyf to the

COMHdSt | Siick oAl th w0¢@g&§§ﬁd WitrBntshie e Bk ?e[tus does

t t
o S sgoh ROoR R SR LA o A i duid ay be
(Trfemlelncvd "o nehuopacte and s ineapensisik ehatteries, btypackle mseding

i n%ﬁﬁb@ﬁleﬁ%ﬁnqueqn%%ﬁ@mkg byaagogponent s, as

10 et AR etpiGrienel Grin eadBBR eatEy Bf 455 prshal hvention
coéﬁheeblfltp(ut isignal as aaway efotrartesad dnnati lebst two,dnd optlonally a

Sﬂbﬁ ﬁhhnﬂfercaf EMaﬁﬁelgﬁlﬁ)ﬁl gf Srimeat aﬁﬁﬁgtmﬁerrtz@késr I"frz T3,
sed, ho Q

Lo At PhpeTSoREL "5 BT Ratbbl o bl debary
degepediagy ajmiaeatahdsidﬁm vart dptiosblly i greater muombére of shorter
1500 @coflAFG erﬁﬁi(?/lﬂt@fWaléOﬁt a8 afd aadfostl, st whitheatleast one of

t he a(ggar at us not %88 dbg) ock hazard even in
cas@IbPIMAY dRErYaR 1HE ‘ﬁeﬂ}‘ TRYRE 1S ﬁ‘é%ceé?(’@d‘hﬁ%?@tndafy
andepesipeogecleewhatht eontésiest thpowgidw theddngidh of that primary

r ephReese ahdcanﬂ)mrﬂm@eoﬂ Sorseme Rlta %Ifs;u@fenws@veﬁ th L2 and
out pu{.qrahgna i.s an inportant feafure of pres

i n¥8n Oten el JuighiS Sigertted 40 AbGeRMEP Y FHr B8 cchrprimary
20l eaﬁmrtg/\mxerbal o pf than dbteyvad cogniadsea seuomdary cydle, during each

I
re s@&%ﬁ(&}rﬁ 1?121% 21'#85?51 thiéq g fﬁl? rrgﬂ*lﬁn-ﬁ: st%JI?ed Wiveform
sudE@é§ &h s passedy r%be%\w Qb “@yiovs: tyres |0£a?§ttwm)r passive
butfileatin@rdéd t anphasteor mwrhate clodsepdeduenhcy eangetar y

om0 TStk ol Wb Ogg?lfv e;ﬁ&um'(gat%,%mg%ﬂﬁpeamg
25 ordfi ﬁ?éeff ﬁnmglé)s Sorpariadie ER63jINe fELYL iIRGrespense fo some
whigghsidengvenes Irhrtheofoomer tdase,l drgtrélatifvet agtipy offgsymary

I ntlﬁfe\‘aéls ialn ?am 4h %ﬁhxmgf d Bé{‘éadhoﬂsttﬁéb‘d ﬁnength from
current | evel s and so one

pr ég@mr@aanbcyq{@ t@ @hepa@xfd Ui th@ @é@waﬁ% f#gpgﬂmary intervals are
fixed in length with the exception of T1, which may be arbitrarily long.

30 Timing intervals T1, T2 and so forth, and t1, t2 and so forth, have
the following relationships:

(a) 50 psec <(T1,T2,...) <30 sec

(b) 200 psec <(T1+ T2 +..) <120 sec
35 (c) 5 psec <(t1,t2,...) <50 msec

(d) 10pusec<(tat+tp+..)<0.5TA
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passed through any of various types of active or
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25l engt h from 5 mcroseconds to one-half of the primary

i nterval dur{d)gw\ﬂggpgt(lﬁ , T3, ...) <30 sec
(b) 200 psec <(T2 + T3 +...) <120 sec

where (T, , T,, ...) indicates any one of primary intervals T,, T, and so
30  forth, and (T2 + T3 + ...) indicates the sum of these intervals, equal to
the length of a primary cycle excluding T1 which, as stated above, may
be arbitrarily long. All other relationships are the same as above.
Where two or more primary intervals are spent at constant output
levels, these levels need not be the same, and where two or more primary
35 intervals contain secondary cycles, the intervals and corresponding
output levels within them need not be identical.
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2? a distorted interval will typically be about one-fourth longer than
normal, while with a generator constructed as in Figure 31, it will be
about one-third shorter than normal. For example, a two-stage
secondary cycle might begin
"tX> tba ta, tb, ta, tb"""
30  where tx represents a ta lengthened or shortened by startup transients.
Any such distorted intervals or portions of incomplete cycles are
regarded as "strays” for the purposes of (e), and within a given primary
cycle will total not more than twice the secondary cycle length.
The intervals making up any given primary cycle may all be
35 nominally equal, or not. Preferably, however, when only two such
intervals TA and TB are present,



representing a shortened tc). The first secondary
interval within a primary interval may al so appear
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generator is restarted after a primary interval in
which it has been disabled. Wth a frequency generat or
constructed as shown in Figurges 23, 24, and 28 such a
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2@ Fmax = hi -IyquAt:of/gAth&..- where Fp represents
the primry %X%ln(leaxfLilgﬂhegs%)%ffél{}ipifesents t he

where Fp represents the primary cycle frequency, FA represents the
secondary cycle frequency within a given interval TA, and Fmax

25  represents the highest secondary cycle frequency present during any part
of the primary cycle, thereby constituting the carrier frequency.

Constant voltage or current levels L1, L2 and so forth are typically
generated first as differential voltage levels, which may thereafter be
translated into levels of current. Preferably, to conserve battery power,

30 such translation into current takes place only after the selection of a
voltage level for each timing interval, so that non-selected levels during
each such timing period consume no current. More preferably, all
voltages within the apparatus, including the output waveform, lie within
the range between -42.4 volts and +42.4 volts, thereby meeting the IEC

35 950 definition of "safety ultra-low voltages." Similarly, any output
currents preferably lie within the range between -10.0 milliamperes and
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wavievelsnh. 1,.sLyenéda, ligdidetedrmcsettivel b B ch@mactans 90, 92 and 94.

#6, R3Rchldaryl BFQE RPPRARGWNAILTY . DYhE QEESENES infdalk Sare not
zsh_oim, 1 Fllllgireldf' rf%zt he wavef orm includes three

Pri BEidpatlg dakaled and, oy pigposes of illustration, an atypically small

number of secondary cycles is shown.

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

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

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

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

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

level L2 during t1 and L3 during t2; and again is held constant during

T3, but at .3 rather than at L]. At the end of T3, the cycle begins again

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

35 of this waveform, means of generating it, and some of its potential uses,
may be found in U.S. Patent #6,535,767.
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35 steps of envelope 104 is not meant to indicate any particular timing
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25 , | thg,r ﬁltwﬁn@ﬁ include a shunt capac1tance 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 10 Fmax (or other selected frequency), and

prevents interference with circuit functioning by external radio-

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

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

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

timing blocks, each optionally incorporating a multistep sequencer, to

35 generate waveforms that can be combined to produce an output

waveform having selected characteristics. In a preferred embodiment of
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30 with choosable timing intervals, output voltage or current levels, and
overall envelope, or to allow choice among a plurality of any of these, to
address various physiological needs. As noted above, tissues may
respond in different ways to different signal frequencies, to a pure AC
signal, or to an AC signal with a superimposed positive or negative DC
35 component. Similarly, as shown in Fig. 3, different effects may appear
at different current densities.
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As previously stated, the objective of the invention is to generate
any one or any combination of a broad class of waveforms, for use in
biomedical applications, each of which is based on a plurality of

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

succession a primary repeating cycle; a plurality of shorter secondary
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applied to the body and allowed to "interfere" within it, creating a lower
"beat frequency" upon which a higher "carrier" frequency is modulated.
The carrier frequency is simply the average of the two original
frequencies, while the beat frequency is the difference between them.
35  Carrier frequencies typically range from about 1000 to about 10,000 Hz,
with frequencies between 4000 and 4500 Hz most common although for



virtual l'y any curvilinear function. Many such
functions are characteristic of real-world
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produced when two sine waves at simlar frequencies
and anplitudes interfere, algyernately reinforcing each
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30 shown with a different D.C. offset from that in T2.
Figure 6 and all others following it which depict waveforms
(Figures 7 through 16, 25, 27, 29, 30, 32 and 34) follow the same
conventions which were used in Figure 4, but with the following
simplifications:

35 (1) A single pnmary cycle is shown in each Figure, beglnmng
with T1 at the left margin of the figure, and ending at the right margin.




or T4. More preferably, T2 and T4 are each shorter
than T3. Mst preferably, T2 and T4 are each about
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about three tinmes the conbined length of TI and Y5. An
advantage of this specific conbination of timng
intervals is that it approxiygates the sinusoidal
envel ope with m ni nrum nunbers of prl mary intervals and
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“step-in,” “full signal” and “step-out” periods have durations in the ratio

1:2:3:2. The result is a ratio of peak to average voltage or current (1.60)

30  which closely approximates that of a mathematically pure sinusoid

(1.57), and a ratio of peak to R.M.S. voltage or current (1.414) which is

identical with the pure sinusoid’s. Because of the waveform’s
symmetry, no equalizing pulse is needed.

Yet another representative four-stage, quasi-sinusoidal waveform

35 is shown in Figure 8. This differs from the previous examples in that the



Typically, where a voltage or waveformtrace
represents the signal on a line or at the output of a
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the voltage or waveformtrace will be given the sane
identifying character as the line or gate. Miltiple
traces, corresponding to diffgerent circuit conditions
affecting the signal at the same location, will be
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30 DC = (t1 +t3)/(t1 + 12 +t3 + 14),
which may have any value from zero to 100%. An increase in the duty
cycle yields a greater signal amplitude. At DC=0, t1 and t3 vanish and
the signal becomes a constant L1, while at DC=100%, t2 and t4 vanish
and the signal becomes a square wave alternating between LX and LY.

35 Alternatively, to attain a higher signal intensity it may be found
preferable to have the members of one symmetrical level pair Lx and



in Figure 9. In general, such a waveform consists of
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3 and S/gnoﬁlretr hc’lastshg% esu\cl:\ﬂllrllon-seinusoidal signals might find use in
muscle stimulation or re-education, in which trains of short, high-
intensity pulses must alternate with rest periods, causing alternate
contraction and relaxation of the muscle fibers. It is well-known that

30 different muscle fibers, and the nerves supplying them, have different

response thresholds and thus respond best to impulses or bursts with
different energies. A waveform whose primary cycle includes several
different burst lengths, with similarly varied intervals between them,
may thus be more effective than one with only a single burst length and
35 interval. Figure 10 shows an example of such a waveform, employing
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A waveform of the general type described above and according to

the principles of the present invention will inherently be charge-balanced

30 -- that is, the output will show a net zero direct-current content -- if the

time average of positive and negative voltages or currents at the output,

over the length of one primary cycle, is zero. This may be achieved in

any of several ways. For example, the output may be passed through an

output network which blocks direct current. Alternatively, the positive

35 and negative signal intervals may be balanced so that approximately

equal amounts of time are spent in each state, minimizing the direct-
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exanple, in a materials processing application, the
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30 regeneration, it may be found advantageous to apply a signal which is
charge-unbalanced over chosen parts of a relatively long primary cycle,

but charge—balanced over the cycle as a whole. Figure 15 illustrates such
a primary cycle, in which T1 and T3 represent intervals of zero voltage

or current while T2 and T4 are intervals of charge-unbalanced signals.
35 T7 and T4 are equal in length, and equal and opposite in polarity, so that

over the full primary cycle the charge remains balanced. For optimal
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Similarly, the spans between the applied voltages or currents L1, L2 and

so forth may be varied so as to compensate for variable tissue cross-
sections under treatment or differing optimal current densities of various
30  tissues.

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

35 tendonitis (including carpal tunnel syndrome and other repetitive stress
injuries) and osteoarthritis. Accelerated healing of wounds, involving a
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treatment Wlth a suitable waveform. As yet another example, the

viability of chosen organisms within a food product, beverage, drinking
30 water or a pharmaceutical product might be decreased by similar
treatment, again using a waveform chosen for the purpose.

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

35 application means, including, but not necessarily limited to: conductive
skin-contact electrodes; conductive wound dressings, such as hydrogels
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with one of its ends at each electrode. Tissues within volume 138 will

30 therefore receive the most effective treatment. For example, in the
treatment of a bone fracture, the electrodes should be positioned on the
skin so as to place the fracture near the center of this volume, as shown.

Figure 18 illustrates a specific application of the invention to a
mode of therapy in which it is desired to stimulate bone growth for the

35 purpose of bone lengthening. In such therapy as it is presently practiced
using the llizarov and similar fixation means, the bone 150 is cut or
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but the new bone had remained poorly calcified for several months and
30 the adjacent old bone had become osteoporotic, preventing the fixator
from being removed, stimulation by this means re-started the growth so
that after six more weeks, healing was essentially complete and the pins

and other extension means could be removed.
Recently, there has been a new development in this field of
35 treatment: the formerly heavy and X-ray-opaque metal collars 154a and
154b have been replaced by new ones made of composite materials such
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30 preceding sections and Figures. The resistivity of liquid 174, including

dissolved salts, preferably lies in the same range as that of living tissues,

around 50 to 300 ohm-centimeters. By suitable elecirode design and

placement, substantially the whole volume of liquid 174 can be made to
transmit current at useful intensity levels.

35 This same application method, or simple variations upon it, can

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

35 technology.
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30 between the positive supply and ground.

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

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

35 In some cases it may be practical to combine frequency generators
202 and 206: for instance, by passing the output of generator 202
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functionality occurs when this is done; the microprocessor merely takes

over some or all of the timing and sequencing functions, so that the

corresponding electronic switches 210 and passive components 212

30 connected to them (typically, any which help to generate the timing) can

be eliminated. For some purposes, however, it may be advantageous to

retain others of these switches and passive components, as shown,
controlling them directly with the microprocessor outputs.

A first specific embodiment of the invention is shown in Figure

35 23. For purposes of illustration, this embodiment has been deliberately

simplified so as to generate the three-stage prior art primary cycle, with
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TCYC =2RC 111(3)
35



Pl C16F627), as shown in block formin Figure 22.
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Preferably, capacitor 268a has a value between about 1.5 and

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

30 longer than step 10 by the same ratio. Resistor 266 may be either a

simple potentiometer as shown, or a switch selecting any of a plurality of

fixed resistors, singly or in combination. Preferably, resistor 266 has a

range of possible values from about 15,000 ohms to about 1.5 million

ohms, capacitor 268a has a value of 0.022 microfarad, and capacitor

35 268b has a value of 0.01 microfarad. The value of resistor 264 is not
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25 the oscﬂlator when modified by addmg the extra resistor and diode, was
explained in detail in U.S. Patent #6,011,994, here incorporated by
reference. The second NAND gate input, when held at logic high while
the sequencer is in step 9, acts as an enabling input which turns on
generator 290 only during this interval.

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

35 Fosc=1/CIn(3) (RS +Rp) and



sequencer is at logic low ("0") and switch 270 selects
capacitor 268a, while during step 10 the output is at

wo ogsoozebyh ("1") and the switch sel ects capacPC€DUSRDE8IR0207
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This creates a secondary-cycle output signal having the prev1ously-
described characteristics during step 9, which thus represents T2 in the

30 primary cycle.

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

35  driver 208a, overwhelming the effect of resistor 282a, while the input of
driver 280b remains held at logic low by resistor 282b. This causes the



a diode 302, and a capacitor 304. Again, apart this

time fromthe presence of resistor 300 and di ode 302,
waniosioes nit the generation of an asynmetri c PCL/P81004/020207

waveform this is a common oscillator configuration

wel | -known in the art of circuit design. The

functioning of the oscillator,, when nodified by adding

the extra resistor and di ode, "was expl ai ned in detail

in US. Patent #6,01 1,994, here incorporated by .
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OB LAY VAaR SIS 206 e C O RaE a8y affey it in
195%pasaithesepirapresemtsithe oangeg)f alhpossablersettingss secti on.

More prefrer abhymided cBsrde embdalankBewhoanpet eeR 428 such
and 4500 .Hé.and DCis out 88% T.

may e
acc dsyfRbREN 1% nemRlsie CaRICIPTS; ﬂif?al' 313%1 5ibs fora et
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y. The.sign on ljnes. 306a and 306b are

Went r es&@éﬁ? ag 9“961% dﬁji ’L\S}%‘F@ (’.‘)Sols’ﬁﬁlﬂzltfls LR SBWP%X than
swi tthbes dad@ibednth R16b Patente #Od)Is0byund 16,686,767, it has the
J emdd@'aﬁ%gée&t ?@ﬁﬁitﬁﬁ the p?ﬁﬁﬁgcg?ﬂ’ﬁﬁg iafirPalh@sBefdet By the
sectl.o r. WIicC , “hut Controfl.l ed by out .9

f r RS ¥ nﬁkq%&éwﬁorpégg &9 ﬂ%ﬂti Ry e ,n%}l%glée ?ﬂ&e-ﬂ%fiﬁ resistor,
t ur ra- gser ey ebange tthespulseitiainetenstidionotreqyency tie without
=W tq‘ﬁ%ﬁlgg: %ebefié,}g%hﬁ’éﬂ%@é dJff the! REGLRIRO btpuM 4dY Bvithout any

smal . L
effect upon the secondary cycle, which maintains a constant frequency

FS (equal to FOS(C above) and duty cycle DCS.
A second specific embodiment of the invention is shown in Figure
24. This implementation can produce either the output waveform of
30 Figure 7 or that of Figure 16, or any one of a family of alternative
waveforms having the same general form but different primary cycle
lengths, secondary cycle lengths, frequency characteristics, or any
combination of these.
A first frequency generator 330 and sequencer 332 produce a
35 primary cycle. Frequency generator 330 and sequencer 332 are much the
same as in the previous embodiment, except that in the CD4017B chip
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logic low control input, and thus make no connecti on.

During step 9, however, they receive a |ogic high

i nput, turn on, and pass thedconpl enentary out put

signals through to the drivers. This creates a
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capaci t gﬁgﬁﬁé@@g aﬁ&4lb4§ s%;f@ha@%@ soﬂxtméd fo'het'hrough inverter

bl ocki n curren
app24,i digveat by otifput 3 gqm sequencer 332. (In other words, it is turned

off only during T1.) This connects capacitor 334b in parallel with
25 capacitor 334a. In addition, during T3 only, switch 336b is also turned

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

T)=T4=2l@)R(2C)=4mB)RC and

30
T3=2mm(B)RBC)=6In(3)RC
so that T2 is twice as long as T1, T3 is three times as long as T1, and T4
is again twice as long as T7.
35 Simultaneously, a second frequency generator 344 runs at all

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



While the circuit of figure 23 is significantly nore
conpl ex than those described in U S. Patents #6, 01
wa 28940mnzl #6, 535, 767, it has the advant age of PCT/US2004/020207
permtting all primary timng intervals to be set by
the single variable resistor 266 so that, by changi ng
the value of this resistor, gguser can change the
pul se-train repetition frequency Fp V\/lthout af fecting

any s Eagly iRE s naA 1t Elara 23 et Mt be erga dliode
consmdntedistoyuteny Bsed dq uplrodluoe FSGmabinike Josafithtibat, yare not
CyClReddme h&RCONAs SP ex%b{l]h g‘%ﬁ@%@(’)ﬁ%ﬂh bodites! BY ggérﬂé‘ntary

is shown in Fi |on can produce
eit ﬁ@PaE%EfaEEPgERU%U&W%‘*éﬁ aﬁﬁgﬂi’ﬁg 7 or that of
Bi gur e 1@\lsercoanyctedeootheaottpuid yf @éqwértoer B30I e NOR gates

‘S’?:"?’ﬁ%r A&d '3@0' ng}aw%ﬁalg‘:ccﬂl QREfeR! tof ?‘Pg Jf3e 128bucing a
fregg élry?c% h%lgl&tt g}l?l&g.lege“’ a@iﬁ”&%{g 41%0 gi¢ high output
t heshiring titeryalst Fequdnbs. @@meladyoga@s%(hmdcmmm outputs
332 mglﬁﬂuclsr@uef 19gi€ M6 Couthh EFUEHE T30RRPTA A 33}'%%10 high
are much the sanme as”in t e previ
@ c@lrﬂ%lgﬁf 933 t that in the CD4017B chi pform ng the
sequenceﬂ“heomut ut ob gate 6aBrieceddot ond gputesl thitAUNORD gate
that I{C?SQC @9 ihple 1ss1£h[%t seqjua%%?'a%gqéigg leég nef 48’Ph As a
b gateria? S ditang s qeus e omB 1arS rand T4,
f ou rWls eedsrlﬂ’g T2T:ﬁ1d T3 itisdhd digmat bn dtimer &b miwargsd 0

t t | engt h
SH! o ol R, BishIdE BEBIEPECE e SR00STHed 0F phE AR of o
SWi t@Wéﬁ NoFagpteaped Whose @&mnmy)ugeswéh@tsqua@swavmr@al on
howgirer 346her Asaberdshlte%at@pﬁ&ﬂ § @ugpu3faat ZARtARdogic low

334%ro%|§%oﬁf THAAD T8 Sy ghn%lg a”rflaﬁﬁ T 1%§1ﬁ§e§1ﬁnal on line

capaci t 334a is cohnecte t1rme
ot héftéagim¥ertednect ed or di sconnect ed through swtches

2836a andTBSﬁitOreléit@@rﬁ@@d ¥Rl shovAlLREPHhRE 29D W herd8ntervals 360a,
se e r
cssatees A 1o o, ) g 0 s 4

r esiagd ct4dbompreseat 266 volieggrecnithe like- mwmbh@dpslgnalohses and
| nplhecenBag] 350, P hﬁw 35Y reprdsEtDe &ﬁﬁ@tsmhgiﬁ& Alifbered

008 Bt PRGR g0 RObIEH, Rl o) B0ReIhE g, 354
2§al dNoteth axéracaba@ iddension vatloﬂmﬁm Bigwethat of

capaci t OThe signal represented by trace 360 has some of the characteristics

of the sinusoidally-modulated signal which results from the interference

of two sine waves at slightly different frequencies. This is the classic

signal used in interferential electrotherapy, in which it is created by

30  applying sine-wave signals at two slightly different frequencies to the

body through separate electrode pairs. Such a signal is represented by

trace 362.

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

alternating periods of maximum and minimum intensity, with the

35 minimum lasting only a short time while the maximum is relatively long.

They differ primarily in harmonic content: since the signal of trace 360
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output 1 from sequencer 332. (In other words, it is

turned off only during Tl.) I’ IS connects capacitor

334_b in gar a: lel with capacitor 334a. In addition,

uring T3 only, switch 336b is also turned op b . .
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25  apparent, the signal has the same overall characteristics as before but the
high-frequency cycles are now considerably more rounded, showing that
most harmonics have been eliminated. Note that trace 364 is identical
with that in Figure 16.
A third specific embodiment of the invention, shown in Figure 26,
30 is designed to produce from the same compact device, and at the user's
choice, either an asymmetrically-modulated pulse-train signal similar to
that of Figure 4, suitable for tissue healing stimulation and pain relief; a
square-wave-modulated signal of similar form, suitable for muscle
stimulation, or a quasi-sinusoidal signal like that of the previous

35 embodiment, suitable for interferential stimulation.
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by direct-current- blocklng capacitors. I n sone cases,
however, a nore nearly "classical" interferentia
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Binary counter 402 has a plurality of taps representing different
binary divisors. Any one of these taps, or preferably any one of a chosen
30 subset of them, may be selected using switch 404. The signal at the
selected tap then forms the clock input to sequencer 406, which is
configured for eight steps by connecting together the step 9 output and
reset input. As a result, the primary cycle frequency represents a further
division of the clock frequency by eight. For example, with the subset of
35 selectable taps shown in the Figure, and with an oscillator frequency of
4096 Hz:




wi Il not be discussed further here. A second,
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For si npAINIDt yatet4el dxer ebmbinekrihguegeals rdh gate 416 and on
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capaC| ar - 410 isto f
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Filter 448 then preferably blocks DC and frequency components
above about 40 KHz (10 FS) and steps up the output voltage if
necessary, yielding a differential output at terminals 450. Filter 448 may

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

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

30 waveform, here shown as asymmetric; the cycle length is exaggerated
for clarity. Trace 420 represents the Step 1 output, and traces 424, 426,



constant determ ning the duty cycle of the resulting

pul se-train waveform Preferably, KIlies in the range

wo c@si002¢63 t 0 fourteen, yielding duty cycles i nPCHES2004/020207
range from67%to 95% thus satisfying condition (g)

in the previous section. Mre preferably, K is about

5.75, yielding a duty cycle %%ose to 88% Switch 414

then permts either the synméfric or the asymretric

versi on of the output waveformtao, be chosen,,
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St el iBRetEisg EHE epesifion; Figldiia FaE GidiEn 53bigalich an

gat enéadoromisities tumengs thepstimulafordiind 4 out put

signals fromsequencer 406. Simlarly, OR gate 426

comhi nes the sfep 4, 5 and 6 signals. .Two;pol .

‘S dLXRRIPE g DlenVagorRs A ELRRE FOED S chibodiment, and

contthaatviteh cointEhginahsyiéRting 4Ran, #4124 and 426 so t hat

the signals selected by the two poles appear on |ines

442a and—442b—respectiivety—tnposition A both

0ol es sel Weyefanmynal ASWitckAA | ar | § 5% #l6nos] SYHO" g |

bot h pol legus® Gefulsings3mndd. | n pesntdon 'L " one
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pol e selgcts Signal hi [ e the|other sel gcts signal
426, SO “eléstuets..\_,@%tnﬁ% GRS pear éf“?al i-fres §42a an
442b respettiewatial. AND Hafemmeitict heRSeonhi pes t he
signal s frem9a68 416 1816, SYmmetric | + 32 C

Interferential 128 Hz, Symmetrid + 4 C

The muscle-stimulating waveform consists of two-second pulse

20 bursts causing muscle fibers to contract, alternating with two-second
periods of no signal, permitting them to relax. The tissue-stimulating
waveform is similar to that generated by the first embodiment of the
invention, while the interferential waveform is similar to that generated
by the second embodiment.

25 A fourth specific embodiment of the invention is designed to
produce a nonsinusoidal, asymmetric but charge-balanced output similar
to that which was shown in Figure 15, but also containing the secondary-
cycle frequency shift which was shown in Figure 12. This embodiment
is shown in Figure 28.



line 442a, so that the carrier signal is passed
t hrough whenever |line 442a is high. Simlarly, NAND
W@ 2108/0d2663 does t he sanme for the signals from geaBUS064/020207
and on |ine 442a, except that the carrier, when passed
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fromgates 444 and 446 are c | ementary. \Were
voljt agg or current anplificatTon is desired, gates 444
and 446 may either be high-current-output types,. or be.
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correspondi n - | , ,
o GRRRSL R TAoB A By 0 e adioh s nd s
si gresingbingd, math plassioufHsof gate SBY lawg bubthey Ogﬁlﬁcﬁlgh; T3
42(-8)16 Wﬁﬁf) i6v &4ivh tl’gﬁ@ht@@lgsi AERIANY iﬁfk’)lf gaisl 0f dqublsethe sum of
. es
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posi tion ' p

A %%961?% rﬁrfégﬁeﬁ{:#/ {E‘aéb?%a?érr 9@@9@%2%%‘? SoPh NAND gate
g

desirabl € wave aya nment ,
and 175 BWITEHIE oA HhTSeorReI oS Tliode 532, a

Y e paaitenG 8 wiléh Svpedhandiuly dditnddtst;|andss iseedrat cagacitor
SYMBLLY GhidPeEh Be placed temporarily in parallel with it through switch
536, controlled by gate 510 so that it is disconnected during T2.
Generator 520 produces a single output on line 538. Gate 522 is

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

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

The combination of resistor 530 and diode 532, connected in

parallel with resistor 528, renders the oscillation asymmetric as was

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

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



Ti ssue stinulating Asymretric 32 B Interferential 2

Hz, Symmetric 256 C Interferential 16 Hz, Symetric
wQ@20080bber f erential 128 Hz, Symretric 4 C ThBCT/US2004/020207

nmuscl e-sti nmul ati ng wavef orm consi sts of two-second

pul se bursts causing nuscle fibers to contract,

alternating with two-second periods of no signal,

permtti ng themto relax. The tissue-stimulating
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ot héumngd’1, A'3sawd ﬂ“cl NoRtgage B2 ddoag The Asaaeesailt, fgate 540
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steps an ot herw se e oltputs define
Tl ethebtignesT4 so that Tl equals step 1, with the

Otﬂ put EinfRirE, 2ldecbh@XORtg dtb@ﬂZQ%c&i@i hoWapult? tleélHiginal on
ste
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To st SUlogate 4 : 1
t he T3 RYb it slog Wé@rﬁn& f féﬁa P qa%ﬁe BALHGH 1BF signa
26t efrerrﬁlmdﬂ 688 gllnchﬁhgeﬂ dﬂnﬂng;ﬂ“b, todtiputrss ttiaghll dteerctemed]
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out ut 1[3 at logic low during T4 but logic high at all

ot h
25 The resulting signals are illustrated in Figure 29, in which trace

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

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

30 correspondingly reduced, so that the change in polarity between T2 and
T4, corresponding to that which was shown in Figure 5, is evident. Note

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

In some cases, intermittent rather than continuous treatment may

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

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



times. (An identical output could be obtained froma
NOR gate fed by sequencer outputs 6 through 10 or, in
W@ 2@B@b68B or equival ent integrated circuit, dPCBUBS1094/020207
fromthe Cout("Carry Qut") pin. A second frequency
generator 520 is made up of a NAND gate 522, an
inverter 524, three resistors 5526, 528 and 530, a
di ode 532, a capacitor 534a V\%i ch is permanently
connected, and a second capacitor. 534b which can_be
pl adeeptmerbypen ithe press pd b ytian, wllorving the signgh te e enerated
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s g o WSt T ha 5500 bl ek e SR pdrRpbgorRér button
conguasf.ly | ow. The conbination of resistor 530 and
di ode 533, eRN&ECI8E itRe Pt €bf WrédudiR§! $EAEraRA8.500 may
renders thet&ggl |1 athlngP a\sya/m’retrlﬁ as _was exﬁ.agggp | D
U, s, CBX PRIy QPRI & RRHY GreiBTEgoue ghtil >k much as
Khovin, the peesogm ambodimenie va@8e ottt 58girives aghadditional input
88% Gf %étt%eS IZ.”BSigHﬂ' BIPSHAY lehbPBe BREN HtHhSa @?r%%e Aftput as
andsg]g Igrefer(i%a‘yeégfve vd E@S ogé)glggut.ﬁqz r%elﬁg ng .
270, DO Me TR SiTRA Suc sy, Eqryex e, by using a
capa¥Ofogstediddan arrdngd@ent sibolar t0.tbat of gatefdiladoHowed by an
one iy EhEf arfenseSREC! Yl \Q‘ftlB%fchlo?N,Cbﬁé’éﬁﬁZg gate 512 and
con;%guratl on an% W t hese val ués, .dur.i (r)}%tsT @'IfyU h
Papdtsqusnes Eeneraior p20ne epsiath s REaViPHIY difsptipeds Upon the
genata@tinmmeh? ®fspespatsifad toeuntitin pamited S50f habvoerers Isigml 552
1L \ . 0 i
| ogifél:f%%?q? Jokic 8 hgﬁﬂg%ﬁ ?#é’q%%gh@;‘* IPIRBR: g gnd thus
Hz. BeahlRy semeratpl 2R frd dpreesptici fiEfersaiyl PutpI fgnilofrom
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ends a 3L ' i | 4 :
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542 PertodidAiRy, 2For %%ﬁietdhqeﬁétﬁgabf Yime, separated by specified
intervals of zero output. Other options are also possible with slight.
modifications of the circuitry described.
A fifth specific embodiment of the invention is designed to
30 produce a nonsinusoidal, approximately exponentially-decaying signal
whenever it is triggered by an external source.
An idealized curve of symmetrical exponential decay is shown in
Figure 30 by trace 600; note that this reproduces trace 110 in Figure 5,
except that it is shown on a larger scale. Trace 602 shows an
35 approximation made up of five intervals 604a, 604b, 604c, 604d and

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



line 538 and that fromgate 514, which is at logic

hi gh during TlI, T2 and T3 but at |ogic |ow during T4.
W@A\2008/0083l t, gate 540 passes the signal fromPCTHESHB8020207
unchanged during T4 but inverts it at all other tines.

The outputs of gates 540 and 542 respectively feed

buffer anplifiers 544a and 54 6b The output fromthis
enbodi nent of the invention consists of the

di fferential signal between these two, buffer ou put
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520 HO:0RRI%H cREnBhEViheUihY HREOhRDY ofUPREe 18&1s within the

secondary cycle, again as indicated by trace 602. Note that trace 610 is
identical with the trace which was previously shown in Figure 11.

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

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

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

intensities, have been shown to devitalize some microorganisms in vitro

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

or in the sterilization of pharmaceutical materials or drinking water.

35  Since it is not intended for direct connection to a human or animal body,



attai nment of a specific count in counter 550,

however, signal 552 changes to logic high, forces gate
woidseomwes put to | ogic | ow, and thus di sabl es PENEsBEN©020207

520 and forces the differential output signal from

buffers 544a and 544b to zero. Dependi ng upon the

arrangenent of counter 550, fFurther counting may then

be di sabl ed so that there will be no further output

fr .t he buffers.u tahe e
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r epnegardnsition welogid highr wdvanking séqueacen622 wallkbé04a,
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2primary intervals in turn, and fi naI ly a
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usedcdun aFiigeraldof o indicate the presence of a
secondary cycle is here onmtted. Intervals in the

rimry cycl egin T ending with T6,
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interv rb [ﬁb
pr ef er adVHon dgieduenaon @22's reac ing step 10, this output raises one

input of OR gate 642 high, forcing its output also high. This closes
30 switch 640, stopping generator 620 as already described. Since the
sequencer can then receive no more clock pulses, it remains in this state

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



time relationship, the relative anplitudes of the

signal during T2, T3, T4, T5 and T6 are close to 100%
wW@0%5/061885 40% and 20% respectively. The anpl PCT/U82004/020207

during TlI, as previously stated, is zero. Depending

upon the application, TI may be either fixed in

l ength, yielding a periodic sggnal, or arbitrarily

| ong, yielding a signal whichis aperiodic. Trace 606

shows an oscillatigg si gnal which decaég exponentially
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to @r animal body,the circuit shown in Figure

31 m ght ther by bat ies |like the
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p 24 rch
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r eS|€£€t6a§ 6636 6G60exml 6666 20e ishcedssiviety gamdlealinfwilie, and are

d
2SSO I AR e e o5
but (SPIF’P TECRIATY HAy ]éats £¥c6202) Vifeh SPuPﬁ’é@ecé?d through a
Tonreaphsité&7(.unction of resistors 634 and 636 and

;Zﬁgc' : grfh@%% o'fl?l%s F%\%Sa'tntgla#ﬁ%lf k’boﬁ%%’@ %FFthﬂgl%Zs \xyl{é?e traces
t hat %uﬂcm%% remssenté G ouims af the Bkeamambrsad gtes, ped fraces
t er r668al H68b hadi €68c represent the voltage on line 668 under three
different operating conditions and over a few cycles of the carrier
30 frequency: trace 668a with none of resistors 656a through 656d selected,
trace 668b with a relatively large-valued resistor selected, and trace 668¢

with a relatively smaller-valued resistor selected.
Each of voltages 668a, 668b and 668c rises or falls abruptly with
each upward or downward transition of gate 654. Diodes 674a and 674b
35 prevent this voltage from significantly exceeding the supply voltage
range. Thereafter, voltage 668 decays toward voltage 652 with a time



hi gh. When switch 640 re-opens, generator 620 then
re-starts froma known state and thus with known and

WO e@soosecs bl e initial timng intervals before PCHUSER/020207
transitions. Assunming ideal conponent characteristics
the interval between the switch's opening and the ’
output's next transition to $%gic high, advancing
sequencer 622, will be T (1(2) +In(3)) RC1.792 RC

where R i.S u r esi :
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10 6%8{{%' H%Sgﬁsra | od Ak Fang g: nlfffonsHito FRRbNHigh-valued
ogPE R, >*GfI"y Rifien “nput 8 %re urns, to logic |ow.
i | resjenoreadoo w2 Be TASAAI FFIEHBach | RSTe ARt ARE I HEILY
Z Zg%?%f@tﬁgrgﬁfgﬁlpoﬁﬁeﬁm thaFigre doobetitr YBHIRNC) Theresud is a
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anopproxiametlyinTpnortional do el VA RiSRicHE, SURHIET 45 o650 here
1'651tS gﬁg{é ist(ﬁf! ig \é?l:'eete@l? ﬂﬁb’ Risalt i62Qpnaaveudlpdowilogisplevak es
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duri65g each 654p refpestitjalinc&acl2ZengiiNEh 1og1c & pulse
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B areihn e M S, ARy s
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%fcﬁoﬂb'm;ﬁ‘?? 14(_3?%119:@% ﬁeﬁﬁﬁ) whea eakngon6 S0 ngtisabledpnesistor
25 666|dS re%qains Le ecpelcﬁJ hchcte irﬁ[?ul{g %?Lgate%g@ Sré tl?tf’sdpulled quickly to
and remain at opposite logic levels, and its output generates a constant
logic high which is passed through to both outputs so that the differential
voltage between them is zero.
Step 10 of sequencer 622 represents interval T1 of the primary
30 cycle, when the sequencer is halted with generator 650 also turned off
and with zero differential output.
In step 1, either with line 624 high or until the first transition of
gate 632's output after line 624 goes low again, generator 650 runs but
1o resistor is selected. Hence, the voltage on line 668 (trace 668a) is
35 essentially the same as that coming from the output of gate 654 and the

differential output is at maximum duty cycle: a square wave at the carrier



5. Simlarly, outputs 6, 7, 8, 9 and 10 are conbi ned
by OR gate 662, producing a single output which is at

wo o@so0ssyh t hr oughout steps 6 through 10. Qut pOr/ES804/020207
and 3 from sequencer 622, and the outputs of gates 660
and 662, control sw tches 664a, 664b, 664c and 664d
respectively. Each of these, gohen turned on, sw tches
a different-valued resistor 666a, 666b, 666c or 666d
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sl ﬁm%gate@,}ﬂhg\x\égltstbzg HARALDeeAROR NP Bk Sl hfty. A
2t hesixihn sphe fiei gabodimgnt 1k tdé‘?’ UISEON; OWVITHE Figure 33,
r esulluistrstes the use of a multistep secondary cycle and sequencer in
generating outputs like those of the preceding embodiment, but with
greater consistency and precision.
A primary frequency generator 620 and secondary frequency
30 generator 650 are identical with like-numbered components in the
previous embodiment and function in the same way, save that here
generator 650 operates at ten times the desired carrier frequency. For
simplicity, these generators are shown in Figure 33 only in outline. A
primary sequencer 622 and OR gates 642, 660 and 662 are also identical
35  with like-numbered components in the previous embodiment, except that
here gate 662 combines the signals only from steps 6 through 9. Apart



logic I ow pul se, repeated at twice the carrier
frequency, whose length is approxi mately proportional

wo o0osiaeeml ue of the selected resistor. \Wher e POT/US2004/020207
resistor is selected, the result is a continuously |ow
logic level. OR gates 682a and 682b then conpare
voltage 680 with voltages 65%iand 654 respectively,
each generating a logic | ow pul se corresponding to
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t r ags¢lei mspostivedye 632's output after |ine 624 goes
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i s SSEERCFLI 1YY, t HEIURRe2 a3BPRa Rt confonGUEY dificthedlotiiep Gprrier
of fageesss ArdDdAE7Bifackagmaireddyoimchudesissichta gex) producing
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20r i nat shawn lie the Rigtrepnd, ordy éfs @itpst kepsistlabolbds If a different
tog 6f 1RBEratd FBRchit if t
sucg@gej( v%l Xg%) rﬁﬁ g%lgtugrgd\%glcfgglg %Egg‘ffe?:?%d%m 708 may
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ucces_s:% [¥ |"on h&’?r ods’ of zerqoﬁutpu : ere )g _
23ppr oxi @a&g eYRMames dBa P g BriSgPessTepEesenting
((:hastgps 6 rthotwigh Byof sequencendd22casith theesighghdtom gate 702,
co e v
ol 208 by e S ARDER0S CERARY o e
sucﬁlg§§ff78 g@tpé%{oepepresentmg steps 4 and 5, with that from gate 704,
representing a 40% duty cycle; AND gate 714 combines the signal
30 directly from step 3 with that from gate 706b, representing a 60% duty
cycle; and AND gate 716 combines the signal directly from step 2 with
that from gate 706a, representing an 80% duty cycle.
Note that the signal from step 1 of sequencer 622, carried on line
718, is always on, representing a 100% duty cycle, throughout step 1.
35 OR gate 720 then combines the signal on line 718 with those from

AND gates 710, 712, 714 and 716. The resulting signal is a rectangular



portions of tinme spent at zero voltage or current.

These sequencer steps or step conbinations thus
woepsesmwns T3, T4, T5 and T of the primary cycPE&I/US2004/020207

Fol lowi ng step 9, the sequencer returns to step 10

(Tl) and the cycle will then repeat itself upon

recei pt of another positive pylse at input 624. The
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writing Boolean expressions for the various signals:

Al=T2 A2=T3 A3=T4 Al10=T1

30 660=A4+A5=T5 :
662=A6+A7+A8+A9=Tg
702 =B1 + B6 = 1000010000
704 =B4 +B5+ B9+ B10=0001100011
706a=702=B++B6=0111101111

35 706b = 704 = B4+B5+B9+B10=1110011100
708 =B1+ B2+ B3 +B4 +B5=1111100000



conbi nes outputs 1 and 6 yielding a signal with a 20%

duty cycle, while gate 704 conbi nes outputs 4, 5, 9
war@sh@26ys el di ng a signal with a 40% duty cycl BCT/DS1004/020207

at twice the carrier frequency (one-fifth the

frequency of generator 650). Signal 704 is inverted by

gate 706a, and signal 702 by te 706b, vyielding

signals of like frequency but at 60% and 80% duty

cycle, re ctively. Athird OR gate 708 conbi nes
out put s 1?{)@,: éé@”z ﬁ%gﬁd: éA‘@f’r é@dugﬁc*eA%G‘O(BW‘eB@) ng a
signal at 50%ddby EYRO@IMN00t he carrier frequency. A
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708, repr nt4 0 t e |ike-nunbered
tes, argﬁghgl%?gﬁég%ﬁggﬁ 7ﬁlﬂe top of Figure 34.
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rﬁpr esent: n? st Epsx®1t1hd 0 Lyhl o+ ¢T4 seDU@®dgn1 062, with
t he signa r r [ uty
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duty cycle, tHrdfghdGP08eEp! i)+ G 5dra0920000)kn
g@nbi nes the signal on line 718 with those from AND

gat es 0, .¢d2, 714 and .716. Th sulting signal is a
rect %’ﬁ%ﬁ?eaqlgélr%“gmitouﬁ%ﬁd%r?mssed’g?‘ﬁ S¥r frequency, whose
duty cycle varies with the step of sequencer 622: 100%
(al ways hi gh) 6B61=8@p712 %I%'El)x —80%-i-n-pt g2 2"{") ;,,,)60%
in step 3 (T4), 40% (T3 st'®PFs 4 pRdTHx FF5), ;and 20% i n

$4eps 6 through 9 (T6 Si nee _se 1 622's step 10

out put is not connect()ergxto gat eLng-g?g?he gate’ s out put
signal is continuously |low during this step (Tl),

repreberet " eepdesent<ithe eBobdlearr @R operator, "x" represents the
Boolean AND operator, strikethreugh represents logical inversion (the
Boolean NOT operator), Al through A10 are the steps of primary
30 sequencer 622, B1 through B10 are the steps of secondary sequencer
700, T1 through T¢ are the primary timing intervals, "1" represents a
logic high, "0" represents a logic low, “” and “.” indicate differential
voltages or currents of opposite polarities, “~” indicates zero differential
voltage or current, and a series of ten symbols from the set “”, “-* and
35  “L” represents the secondary cycle under various conditions. The final
expression for signal 686 thus clearly shows the decreasing duty cycle
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Sequencer 700's "Cout" signal 708, as stated above, is

a square wave at the carrier frequency, while signal
wO@2@5/000883 at twice this speed. As a result, onBCPUS®E4/020207

of signal 720 falls within each hal f-cycle of signal

708: one while it is high, the other while it is | ow

I nverter 724, taking signal 788 as its input, creates
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35 described, suitable housings need be no larger than approximately 5 cm
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20 no connection to the electric mains, the apparatus does not pose a shock
hazard even in case of malfunction, and thus is safe for unsupervised

home use without any need for special training.

Preferred Embodiments

25 In a preferred embodiment, the present invention comprises an
apparatus for generating an electrical signal for use in biomedical
applications, said electrical signal comprising: (a) at least four relatively
longer primary timing intervals T1, T2, T3, T4 and others if present,
forming in succession a repeating primary cycle, said primary cycle

30 having a frequency; (b) at least two relatively shorter secondary timing
intervals t1, t2 and so forth, into which at least one of said primary
timing intervals is divided and which form in succession a repeating
secondary cycle throughout its length, said secondary cycle having a
frequency, said frequency lying below 200 kHz; while at least one other

35 of said primary timing intervals is not so divided; (c) a plurality of
substantially constant voltage or current levels L1, L2 and so forth; (d)
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being not so divided, as one or more equalizing pulses for the
establishment of substantial charge balance throughout the course of any

30 one repetition of said primary cycle.

In an additionally preferred embodiment, the present invention
comprises an apparatus for generating an electrical signal comprising:
means for generating primary timing intervals and secondary timing
intervals into which at least one primary timing interval is divided, said

35 primary timing intervals forming a charge balanced primary cycle.
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The present invention can be used transcranially to relieve
insomnia, depression, anxiety and to promote relaxation and mental
alertness.

The present invention is useful in promoting angiogenesis

35 including, but not limited to, increasing local blood circulation,
increasing blood flow to areas of traumatic injury, increasing blood flow
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acceleration of healing of surgical incisions, acceleration of healing of

30 burns acceleration of healing of chronic wounds (diabetic, venous,
arterial and decubitus ulcers), acceleration of healing of strained or torn
ligaments, acceleration of healing of strained or torn tendons,
acceleration of healing of torn muscle tissue, prevention or retardation of
disuse atrophy, retardation of or reversal of muscle atrophy in prolonged

35  bed rest, and retardation of or reversal of muscle atrophy in microgravity
and acceleration of regeneration of damaged nerves.
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30 tumor necrosis factors, modulate the expression of interleukines and
modulate the expression of cytokines.

The present invention may also be used to retard blood and other
bioproduct deterioration on storage, devitalize selected pathogens in the
human or animal body, devitalize selected pathogens in isolated tissue or

35 cell cultures, devitalize selected pathogens in blood and other
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scheduled for two nights in the hospital but was released approximately

30 24 hours following the surgery. Before release the patient was fitted with

a cast walker boot for protection along with crutches and advised that he

was to be non-weight bearing on the injured leg. A one week follow-up

appointment was made with the surgeon. The patient returned home to
rest. He was given Percocet pain rehevers for pain management, taking
35 them every four hours.
By February 7th the patient was experiencing an increase in pain
and an elevated temperature. The surgeon prompted treatment with



accel eration of healing of surgical incisions,

accel eration of healing of burns accel eration of
wheabiomgedf chroni c wounds (di abetic, venous, BCT/E81084/020207

and decubitus ulcers), acceleration of healing of

strained or torn |liganments, acceleration of healing of

strained or torn tendons, acgel eration of healing of

torn nuscle tissue, prevention or retardat|on of
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week eight. After that pomt, treatment was not needed for pain
reduction.

30 On March 9 the patient returned to the doctor for a six week
follow-up. New X-rays revealed all bones were in position and
significant healing occurred. At that point the surgeon estimated healing
to be two to three weeks ahead of schedule and allowed the patient to
start very limited partial weight bearing. A follow-up visit was

35 scheduled for ten weeks post-op. The patient continued to follow the
treatment regimen established earlier. Weight bearing was limited to
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WO e®alonased | ke growt h factors, nodul ate the expPEEEEIN4/020207
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| eﬂgpﬁ times per day, as done originally. At the four week follow-up the

screw holes were virtually filled in, the soreness and swelling were gone
and the patient was released from care.

30 EXAMPLE 2

35

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



of the bone. Two screws secured the nail at the top of

the tibia while three screws secured it at the ankle.
wab@spexesent was originally schedul ed for two PCHER04/620207

the hospital but was rel eased approxi mately 24 hours

followi ng the surgery. Before rel ease the patient was

fitted wwth a cast wal ker bogt for protection al ong

with crutches and advised that he was to be non-wei ght

bearing on  the ingjur | eq. e O\ U
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eight hours at a time, during sleep.
After the first night all of the wounds were scabbed over, the areas
30 around them swollen and painful to the touch, but the treated one was
noticeably worse than the others. (It is impossible to say whether this
resulted in part from the action of MedRelief™, or simply from that
wound’s having been more severe in the first place.) The pain and
sensitivity of the treated area gradually lessened through the day, though,
35 and by evening the three wounds all seemed about the same. The

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



The patient discovered that by using the present

invention for 10 - 15 m nutes when pain occurred, it
wowusdoxpes ckl y di sappear. However, use for thi BCpUSO§a20207

woul d only happen three or four tinmes a week for the

first several weeks then regressed to one to two tines

a week up through week eight._ After that point,

treatnment was not needed for 'pain reduction. On March

9 the patient returned to the doctor for a six week
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The subject of this study suffered a strained knee ligament, which
has since been subject to re-injury, with approximately the same
progression of symptoms each time. Following each re-injury the knee

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

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

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



Fol  owi ng the screw renoval, there was sonme mnor pain
along with swelling. The patient was instructed to

wo ados/odzeeasy for four to five weeks whil e t hePEL/US2M04/020207
hole filled in with bone. The patient again applied
t he novel waveform according to the present invention
(Figures 6 and 7) three tines per day, as done
originally. At the four week follow up the screw holes

Wer @ % 5\%5?'%@/5“6“ d@iﬂ add'§ti 'é?s”ea?ﬁi B?qlo%ﬂehftélnﬁ second

wer e gone -a was re edsed,.fromcare.
EXANrarEight fegpeit ﬂ?ec eesASENYLS }Sﬁa’cﬂ’frﬁf‘act ured Bone
in Animal An injured Gernman- Shepherd m x was
successfully treated through bioelectrical stinulation
usi ng the waveform substantially as shown in Figure 6
as detailed below It was found that a bullet had
struck the dog in her right front fenur and shattered
its mddle section into many small pieces. The

bul | et appeared to be .22 caliber, and had nushrooned
on inpact, then fragnented further, wth many | ead
pieces clearly visible on an X-ray. Under anesthesia a
hal f shell, fiberglass Spica splint was placed with
heavy cast paddi ng. The predicted recovery tinme was at
| east four and nore likely six weeks or nore. The
veterinarian warned that the dog woul d probably have a
permanent |inp. No attenpt was nade to renove the
bullet. An X-ray after two weeks of

MedRel i ef (tmtreat nent showed the bone fragnments

conpl etely reunited, now encasing the najor bullet
fragments. The fracture already showed excell ent
callus and stabilization. Bioelectrical stinmulation
was term nated and the cast was renoved- after only
one-hal f the expected time - and the dog cane hone,
still wearing the collar and a | eg bandage, to finish
her recovery. About a week later it was noticed that
she was using the leg again, at first hesitantly and
then nore often. In two nonths she was wal ki ng and
running normally, with no sign of a |linp. EXAMPLE 3

Bi oel ectrical Stinulation of Deep Skin Abrasions The
subject of this study had suffered three abrasive
injuries on the backs of his hands. The wounds were
received at the sane tine, in



the same way, and were of about the sane severity. O
the three wounds, the one that was the nbst severe was
w@edsooxwas f or the MedRelief (tmtreatment, bi oeP€r/UR2008020207

stinmul ation conprising application of the waveform
substantially as shown in Figure 6. The wounds were

cl eaned of visible debris usygg soap and water, but no
antibiotics or disinfectants were used. Treatnent was

for about eight hours at gring sleep. After
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nmovement an
2r ol PH@WH%g BYMEEd col | agen framework reconstruction
st ages ofhbeatitngnahing dhst@ait i whi ymoohptedeed,nandoby early
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The symptoms returned that evening though, so the subject resumed
nightly treatment again during sleep. After two more such treatments he
30  was pain-free, and remained so without any further treatment.

The subject injured the hand again five months later, with all
symptoms just as before. This time, though, the subject used
MedRelief™ the first night after the pain appeared, and halfway through
the following day the pain was gone again. That time, it did not return;

35 one night was enough.



woul d be required. It may be noted that the untreated

wounds followed the "typical" schedul e. EXAMPLE 4
w®e@sloexsss i cal Stinulationfor Alleviation of PeCTuUs2ud4/020207

Heal ing Stinul ation of Knee Liganment The subject of

this study suffered a strained knee |iganent, which

has since been subject to re-,njury, wth

approxi mately the sane progression of synptons each

time. Follow ng each re-i E}ﬁé th knee becones

progressively nore stiff, 6and pai nful over
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subj e it was the ul nar nerve. This form of

the ﬁ;ﬁt 9% -often called "ul nar nerve syndrone.
The subject continued MedRelief™ treatment for two more days

twenty-four hours a day. By the end of that time her wrist was
completely normal again, and since then she has had no more trouble
with it.

30 EXAMPLE 7
Bioelectrical Stimulation for Alleviation of Pain
and Swelling from Reinjury of Damaged Knee Ligaments
About thirty years ago, the subject of this study suffered severe
knee ligament injuries in an automobile accident, including complete
35 severing of the medial ligament. Since then, the knee has been very
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EXAMPLE 9
Bioelectrical Stimulation for Alleviation of
Pain from Torn Anterior Cruciate Ligament
30 The patient was using an unfamiliar exercise machine at a health
club when she felt sudden pain in the front of one knee. The pain grew
steadily worse through the following several weeks, exacerbated by her
job conditions (she is a hospital nurse) which required long periods of
standing and much walking around. “It got so bad that it was hard to
35 sleep because of it.” The pain was diagnosed as resulting mainly from a
torn anterior cruciate ligament.
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The patient tried a MedRelief™ unit, placing electrodes for

generating the waveform substantially as shown in Figure 6, and

25  continued treatment throughout that day and the two days following. He

reported, “I could still feel the pain, but the treatment took it down from

10 to 2 or 3, so I could get through the weekend until I could see the-
chiropractor again.”

30 EXAMPLE 11
Bioelectrical Stimulation for Alleviation of Pain
from Abscessed Tooth
On a Friday the patient experienced a severe toothache from a
tooth in the upper left side of his mouth, but quickly discovered it was
35 too late to get to a dentist before the coming Monday.



The patient tried a MedRelief unit (conprising the
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EXAMPLE 13
In Vitro Evaluation of Bioelectrical Signals
The purpose of the following study is to evaluate the influence of
30  the novel bioelectrical signals described herein on cartilage tissue.

Description
Cartilage explants were prepared- from fresh pig knee joints
obtained from a commercial slaughterhouse. Cartilage tissue was
35 removed from the joint using standard dissection methods. Several
studies have demonstrated that such tissues retain consistent biological



pain that he rated at 10 ("worst imagi nable") on the

standard 0-10 scale. Unfortunately, it was the
w@atanamwy3 of a | ong weekend and the chiropractBCT/552004/020207

office was closed, not to reopen until the follow ng

Tuesday. The patient tried a MedRelief(tm wunit,

placing el ectrodes for genergting the waveform

subst antially as shown in Figure 6, and conti nued
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cartilage, release of proteoglycan, release of prostaglandin and release of
nitric oxide. The first three variables are measures of cartilage
25 metabolism, and the latter two variables are measures of inflammation.

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



unit (enabling the application of the waveform
substantially as shown in Figure 6), on her right
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2enad eI batr A RO R (1S Car by age. Al ter a8
hour s, tﬁbecaWWl goéreiatilase Ehdende Ingdiiys: wehk the sacrifice
endpoints, two large excisional tissue samples made completely through
each wound will be collected for histological processing. It would not
be safe for the animal to conduct these tissue harvests at 10 days and
30 then have the animal survive for an additional 11 days; therefore, four
original full-thickness wounds are created on day 1 and four wounds will
be created on day 11, so that the animal will be sacrificed at 21 days and
contain wound repairs lasting for both 10 and 21 days. Several
histomorphometric and immunological staining tests will be performed
35 on these tissue samples.



tested for the outcone variabl es above. The outcone
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prostagl andin and rel ease of nitric oxide. The first
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centerli
following device settings and durations will be used:

TX1 = intensity setting low (= 5-9 mv/cm) - duration 15 minutes

25  for each treatment
TX?2 = intensity setting low (= 5-9 mv/cm) - duration 60 minutes

for each treatment
TX3 = intensity setting low plus resistor (= 1-3 mv/cm) - duration

15 minutes for each treatment

30
During the surgical creation of the wound, two trial electrodes are

placed on the outside of the two wounds on a row, so that the delivered
current (mv/cm) can be measured. This provides confidence that the
treatment bioelectrical currents delivered are as anticipated. No further

35 current testing will be conducted during the healing process because it
would disrupt the process.



squar e- shaped wounds i s about 5 inches apart fromtop
to bottom and about 4 inches apart from side to side.
wao\2a08/pd6et e i S created to assure that wound | ORPEL/US2004/620207
uniform The study endpoints are 10 and 21 days. At
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each day during the post-operative study period. The rabbits are placed
in bunny restraints and not anesthetized each time.
We anticipate significant bone fracture healing may be present in
30 the treated animals at 4 to 6 weeks post-surgery. There are two
treatments (TXs) studied. For each TX, if the X-rays for 6 or more
active treated animals show significant bony bridging and callus
formation, then that TX may be stopped as early as 4 or 5 weeks. In any
event, the animals in both TXSs are sacrificed at 6 weeks at the latest.
35



TXI = intensity setting low (~ 5-9 mv/cm) - duration

15 mnutes for each treatnent TX2 = intensity setting
WO ows002669 mv/cn) - duration 60 minutes for eaREl/Us2004/020207
treatment TX3 = intensity setting | ow plus resistor (~

1-3 nv/cm - duration 15 mnutes for each treatnent
During the surgical creationgef the wound, two trial

el ectrodes are placed on the outside of the two wounds

on g, so that the delivered current (nmv/cm can be
measuré&d. This provides confidence that the treatnent

bi oel ect F NeI§| arg JW@eﬁ@%’fﬂmW (EXes}i thatecaasbastudi¢dathiagh rabbit

No hetstaseits Gwhlodmtrol Betdure o the H?l%t&@nﬁf&feaﬂréi UEhSIY TX will

or oREBb DR BIB"GBT BBERERT act ur'e Heal i ng The pur pose
gf the fBlectiging(astaearollswild bewpiplistigwiteeddlf Hae BEDRT The

thefdlmwingktléi@é@é‘étflhgﬁhndiHﬁfh%io%s@@lﬂ%é f&d: herein on a
m d- shaf,gggadl us def ec

Cri
In the r GRS %eétlﬂgslog/ g?%qs§t0§|(~ 1?;?) Blin "with
| ar gerationzaf 3Gwminees us. Al so, these bones are bridged

by a tounml ﬂtﬁ[é&}%&?%&tl | eagﬁls Taedi6t %64 13 W8h) with

¢ ?2\6 es no to mechani cal
ii‘é’i?ﬂoﬁ%fr PHBBGIS can withstand such a bil ateral

procedure (one treatnent and one control side) and

Lgr: \éﬁl n’ﬁvﬂcecirﬂﬁﬁpaﬂlﬂlaﬁ‘@re%ﬂid%dvﬂ’&h A %lon{@éég)eaégﬂd’ placed
noelfd S?ﬁefea'ﬁ@«y? Het CgeZThf‘eiﬁ@meérﬁrap f%ugh\ﬂagkw in the
haveestthmtram tie elestrodds anel pdackdc niThapireatedtladbwietbives the
1535 Céﬁﬂlﬁh‘ti@)ﬁ Rﬁn&ﬂ%?'v‘é rﬁBflﬁ’l‘QLHEﬂCS@'ﬁlﬁﬂtés %kolsﬁfjnﬂﬂgtes The

e Syt ur ed ain
S ool fimbs b’ it casiiodes ABrehen fheoRiBE dut is not be
congfunulatel. el Butingdée stimupdtane pedbdenimakl bie oppisesusly

at g RS S & ?EG%&R@% O'T?nse se%l{s‘??&eﬂstgg%gt ilVasive
and 0 sterror r os
&Oﬁg@ggxp%lpg e é?’énﬁléﬁ‘é ft 31185 general rate
2(bf healing. On sacrifice, each forelinb is eval uated
by Faxitron imagi ng and bi onechani cal testing to
EXAMPLE 16
Evaluation of the Med Relief ™ Stimulator in a Wound Healing Model in
The Pig
25
Objective
The purpose of this study is to evaluate the effects the test device
on wound healing in the pig.
This study involves the use of Landrace-Duroc cross (farm pig)
30 obtained from Bailey Terra Nova, Schoolcraft, Michigan. The test
animals are at least 10 weeks of age at arrival and weigh approximately
25 to 35 kg at study initiation. Animals selected for this study are as
uniform in age and weight as possible. After a physical examination is
conducted to select suitable animals for assignment to study, the animals
35  are randomized into treatment groups using a simple randomization.
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i nvol ves the use of Landrace-Duroc cross (farm pig)

Preparation of Animals

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

Surgical Procedures
On Day 0, the surgical site on the dorsal right side is prepared
by clipping the hair and cleansing the site with iodine scrub
30 alternating with 70% isopropyl alcohol and painting with iodine
solution. Lactated Ringer’s Solution is infused during surgery via a
catheter.
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Route of Administration
25 The electrodes of the test device are placed lateral to each set of
paired wounds. The electrodes are placed and the treatment site
stimulated twice a day for 42 days.

Stimulation Level and Duration
30 Group 1 - Low intensity (4-10 mV/cm) for approximately 30
minutes
Group 2 - Low intensity (4-10 mV/cm) for approximately 60
minutes
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25 EXAMPLE 17
In Vivo Experimentation for Evaluation of Bioelectrical Stimulation
in Rat Arthritis Model

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

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

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

35 produced by Freund's adjuvant. Pain 1987; 28: 379-393: attached).
Animals are placed in a plastic chamber and anesthetized with
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repeated The rat is then allowed to recover from anesthesia and
returned to its cage until the next stimulation session. Additional

25 measurements (see below) are taken immediately before the first

stimulation session (6 hours after urate injection) and thereafter at 24,
48, and 72 hours after urate injection.
The following parameters are measured using the technique of
Coderre and Wall:
30 Standing paw pressure
Walking paw pressure
Body weight
Foot withdrawal (50°C water)
Foot manipulation
35 Placing reflex
Ankle diameter
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experimenter’s fingertips. The right and left hind paw are lowered
between the experimenters finger’s and quickly immersed into a
30 beaker of water maintained at 500 C. Time is measured until the rat
flicks its paw out of the water, up to a 12 sec cut-off. Foot-
withdrawal latency scores are based on an average of 2 tests, with a 5

min interval between tests.
(5) Foot-manipulation: Rats are again hand-held and the foot
35 1is gently manipulated by the experimenter. Manipulations include
foot flexions and extensions in the normal working range of the ankle
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EXAMPLE 18

In Vitro Analysis Evaluating Effects of

Bioelectrical Stimulation on Osteoclasts
25 This study is designed to test the utility of imbuing osteoblasts
with bioelectric signals that enhance bone-specific performance

functions.

Human Osteoblast Cells are obtained from Clonetics (San
Diego, CA) and cultured in alpha-MEM (Gibco/BRL #12561-023)
30 with 1% Pen/Strep (Gibco/BRL #15140-015) and 10% FBS (Hyclone
#A-1115-L) at 37°C in 5% CO,. Cells are sub-cultured every 3-4
days as follows. Cells are washed twice with 5 ml Hanks balanced
salt solution without Ca™ or Mg (BioWhittaker #10-547F) that has
been pre-warmed to 37°C. Hanks solution will be aspirated and then 2
35 ml of 0.001% pronase incubated with the cells for 5 minutes at 37°C.
Volume will be brought to 10 ml with pre-warmed alpha-MEM and a
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DNA Measurement

25 Cellularity of the cultures is determined using a fluorometric
DNA assay. Briefly, cells are removed from the cultures at day 7, 14,
or 21, washed with double distilled H,0, and homogenized in 1.4 mL
of cold 10 mM EDTA, pH 12.3. The homegates are sonicated for 10
minutes in an ice bath, incubated for 20 minutes at 37° and returned to

30 an ice bath. A volume of 200 pl of 1 M KH,PO, is added to
neutralize the pH. DNA standards are prepared from stock DNA
solutions containing highly polymerized calf thymus DNA (type I,
Sigma) at a concentration of 50 pg/mL. A volume of 200 pL of the
standard or the homogenized sample is mixed with 1.3 mL of a 200

35 ng/mL Hoechst 33258-dye (Polysciences, Warrington, PA) in a 100
mM NaCl and 10 mM Tris buffer solution. The fluorescence
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20 enoved) Fragmdnie THY hevagsisal satabwich BBISA that employs two
monoclonal antibodies. One antibody (1-19) is immobilized in the
wells and the second antibody (30-40) is biotinylated. =~ The assay is
highly sensitive (0.5ng/ml) and requires only a 25 microliter
sample. All the necessary reagents, a 96-well strip plate, and a

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

Calcium deposition
Calcium deposition within the culture dishes is measured by
the ortho-cresolphtalein complexone procedure (Sigma Diagnostics,
30 Procedure No. 587). Scaffolds are washed with distilled water, and
placed on an orbital shaker to incubate overnight in the presence of 2
mL of 0.5 N acetic acid. Equal volumes of the calcium-binding
reagent (0.024% orthocresophtalein complexone and 0.25% 8-
hydroxyquinalone) and the calcium buffer (500 mmol/L 2-amino-2-
35 methyl-1,3 propanediol and other non-reactive stabilizers) provided
in the assay kit are mixed to generate the assay working solution. A
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mineralization. Data is collected as follows:
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art, it is not desired to limit the invention to the exact construction
and operation shown and described, and accordingly, all suitable
modifications and equivalents may be resorted to, falling within the

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

20



Ost eobl asts 30-m n, 3x per day, Stim A osteobl asts
30-mn, 3x per day, Stim A osteoblasts 30-mn, 3x per

wa@ 2005/0@&663n A ost eobl asts 2 hrs, 3x per day, StPOT/BS2004/020207
osteoblasts 2 hrs, 3x per day, Stim A osteoblasts 2
hrs, 3x per day, Stim A osteoblasts 30-mn, 3x per
day, Stim B osteoblasts 30-nmpg, 3x per day, StimB
ost eobl asts 30-min, 3x per day, Stim B osteoblasts 2
hrs nzssper day, Stim B osteoblasts 2 hrs, 3x per day,
Stl Steoblasts 2 hrs, 3x per day, StimB control

ost eobl asts control ost eobl asts control osteobl asts

Eacln eXPRA H?;Sﬁr@{uscﬁtﬂdlgbh@rratmg Qlwpéle@t@icgu Slﬂ%l Ai farmued in
n ak

R AR B Op%t%@@ﬁﬁhcea‘f SOAPT S8k

addi ti on) az lg@sttsfoar aekativelulanger privsaryohning satereals il ,

daygp g3 t”ﬂﬂtantisoth&% ﬁT pﬂébé‘rﬁ' f@ﬂnﬂ@gaﬂﬂ &adceSdioh rOPdpeatifig
this .stu a cultures, and5

Pt Eyels sB i et Bahe Ch Bl o
mi neral i fb} atoleastriaoywslativetyishoversasiondasxtmpne sntarels t1,

fgg&l ga?/iéde‘%oaﬁ)r'tﬁ | Hﬁbr%hdhe a? MeYstobnk hef @ﬁid‘ %ﬁ§’ ﬁﬁnmg

s e onidEa g | B (OHE oS RRibhCA [ irine
ar t sed¢andasy nyclechhscbugnbut atsl lienigth, tshid sepomdeiyonyele haveng a

exa%te Lef &‘a'f?éqq% ﬁqyﬁr{ﬁabem showrHaN RS &f 1QRH one

and cor di fi catJ ons, and
oquP ré}ftsglq‘fﬁ%n@éy HodBR RS 1% B0 Sr e n t he
scope of (d)eplunaléytdfombstintially iconstiaht vbkagppacementtlovels

1khogg ski I{&s& f(ﬁﬂ{ he art that rrany changes and

substi’tuéb can 'be nmade to referred e ;ma
ner ei 1 dBoHSIBGETAON HOUR OBSRiA VONGEF 1OnF aEa Bl CHFge
scopaclobf shid grcendmty interealsi withasa defd pethapy inteeval which
appg?gg & \ﬁld@{i n@r & g'cihe Whol® O?Q.Qﬂf BliHRry MiteBRNSE 3 bt
tr
SO d1v1ded sa1d lgev els, selrected in successmn throughout the course
20  of said primary cycle, thereby forming said electrical signal; and
(e) further selection of one or more of said primary intervals,
said intervals being not so divided, as one or more equalizing pulses
for the establishment of substantial charge balance throughout the
course of any one repetition of said primary cycle.
25
2. The apparatus as recited in claim 1, wherein the selection of
said primary and secondary timing intervals, and of said voltage or
current levels within each, cause said electrical signal to emulate a
specific, defined mathematical function having an amplitude which

30 varies with time.
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30 (d) each said secondary interval or undivided primary interval

within said primary cycle has a uniquely assigned voltage or current
level, from among L1, L2 and so forth, which is always selected when

that interval recurs; and therefore,

(e) said electrical signal is substantially identical between any
35  two repetitions of said primary cycle.
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20or j iy theiedetionshép val s TA and Tb , having the
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P iWREX (AMhBAMA o JFbaid st iRy Bﬂ‘ﬂng intervals while tB is
the other, thereby yielding an asymmetric secondary cycle with a duty
cycle between 66% and 95%.

25
10.  The apparatus as recited in claim 5, wherein said secondary
cycle comprises more than two said secondary timing intervals t1, t,
t3 and so forth.

30 11. The apparatus as recited in claim 5, wherein said electrical
signal is automatically turned off after a preselected period of time.
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15. The apparatus as recited in claim 12, wherein said electrical
25 signal is periodic and in which said primary and secondary timing
intervals have approximately the magnitudes and relationships:
(a) 50 psec <(T1, T2, ...) <30 sec; ,
(b) 200 pusec <(T1+ T2 +..) <120 sec;
(c) 2.55 psec < (11, t2, ...) £ 50 msec;
30 (d) Spsec<(tg+tp+..)<0.5TA ; and
(e) (x,ty,...)<2(tattb+..);
where (T1, T2, ...), (T1 + T2 +...), TA , (t1, t2, ...), (ta + tb + ...) and
(tx , ty, ...) are as defined in the specification.
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plurality of secondary timng intervals, thereby

formng said repeating primary cycle or said repeating
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The apparatus as recited in claim1l2, wherein said
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(a) the repetition rate of said primary timing cycle may be
varied, continuously or stepwise, across some portion of the range
from 1 Hz to 500 Hz in order to suit the desired application; and

(b) the repetition rates of said secondary timing cycles within

25 Tp, T3 and T4 are substantially equal and lie in the range between

1000 hz to 200 Khz.

19.  The apparatus as recited in claim 17, wherein said amplitudp
reduction of the signal during T2 and T4, below that during T3, 1s

30 achieved, in whole or in part, through the selection of at least one said
voltage or current level during T3 which is not used during either T2

or T4.
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two said secondary timng intervals t i and t2, and
three said voltage or current levels Li, L2 and L3,

waeoeek/ooses : (a) Li is substantially zero; (b) PCT/EENOLE0207

have substantially equal magnitudes but opposite
polarities; and (c) primary intervals are grouped in
threes, wherein (1) the firsto2said primary timng
interval in each said group, such as Tl, T4, T7 and so
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appé’ﬂ1 us as recited in claim25, wherein (a) at Ieast
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resultlng said electrical signal is charge-balanced.

25 24. The apparatus as recited in claim 23, wherein
(a) said second primary timing interval in each said group
contains a rectangular wave having a non-zero D.C amplitude, and
(b) said third primary timing interval in each said group has an
opposite D.C. amplitude, causing said electrical signal to be
30  substantially charge-balanced.

25. The apparatus as recited in claim 22, wherein said second and

third primary timing intervals within at least one of said groups of

three have opposite polarities from those in at least one other of said
35  groups of three.



(b) charge bal ance instead is achieved, in whole or in
part, through polarity reversal between at |east one

wokisaidexzecond primary timng intervals, and BCT/USZ84/020207

one other of said second primary timng intervals,
within said groups of three. 27. The apparatus as
recited in claim?22, whereingpat | east one of said
second prirrary tlmng intervals, within at |east one
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(a) Li is substantially zero; (b) The remaining said
vol tage and current levels L2, L3 and so forth form at
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other said primary timng ingggvals T2, T3 and so
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(e) a maximum signal amplitude is present during T?2; and
(f) during the remaining said primary intervals, said signal
amplitudes decrease progressively with time throughout said primary

timing cycle, thereby approximating an exponentially-decaying
30  envelope with its maximum during T2 and minimum during TPp.

32. The apparatus as recited in claim 31, wherein each iteration of
the primary timing cycle is initiated by an external signal.
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human or ani mal body or tissue, or part thereof, my

be i mrersed. 39. The apparatus as recited in claim12,
wob@seizesai d el ectrical signal is applied by PCT/US2004/020207
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39. The apparatus as recited in claim 12, wherein said electrical
signal is applied by conductive material to a human or animal body,
isolated tissue or cell culture, food, beverage or other material in

30 order to devitalize selected pathogenic organisms which may be
present.



(a) said electrical signal within any given primary
timng interval has both an A.C. and a D.C. anplitude
weRaok®eo2665 whi ch may be zero, and (b) said A QCT/US2004/020207
anplitude wthin said primary timng interval, if not
zero, results fromthe presence of a said secondary
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wherein: (b) said A C conponent has an anpl |tude of
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41.  The method as recited in claim 40, wherein the selection of

25  said primary and secondary timing intervals, and of said voltage or
current levels within each, cause said electrical signal to emulate a
‘specific, defined mathematical function having an amplitude which
varies with time.

30 42. The method as recited in claim 41, wherein:

(a) said electrical signal within any given primary timing
interval has both an A.C. and a D.C. amplitude either of which may
be zero, and

(b) said A.C. amplitude within said primary timing interval, if

35 not zero, results from the presence of a said secondary timing cycle.



constant current levels lying within the range between
+10.0 and - 10.0 mllianperes. 46. The nethod as

w0 e@sneded n claim5, wherein said primary cyclBCT/US2004/020207
conprises two |ongest primary timng intervals TA and
Tb, having the relationship 2 TA < T < 20 TA where Tb
is the longest primary interl9al and TA is the second
| ongest, thereby yielding an asymetric primry cycle
Wi tﬁB'a't gymgwdea&%g%%h @@fyﬁrkpgt,%%eit&h?. The]c met hod
as reci I, I mb5, rein at l.ea WO
foast fdl S%‘Bim 9@%%@%%%%? %di%f?fte%er?ﬁn |aiﬁéga?h8}le
andofsuid primagconoagy ptayelsesndvhi ch al so differ in
frequen : Rflt BSs 4 B6hy&8 dripletudeTh 44 least one

C(%églséﬁ A.B?%ggfddﬁ f B2 S0 drfip

wherein secon y CYycC gﬁon'prl ses exactly two
Sai othes obsudBIMAR; BHIRGIEEYAHS t i and t2, having the
relationship 2 tAtB 20 tA where tA may be either of

sal gy secpnda v, dd J RQiieAb R CYAlS4 MW h&eln:| S the ot her,
thegéb c#}h an. asymmetri ¢ .Sec
e s L AT, Pl M o
r ecttreent devélailm 4¢lecitibribronghwivg, spadtingcan ai gwal A&
lcally turned off after a presel ected period of
16?%&%&%&&(% thod as recit.ed.ip clabm.40. -further .:
conpri si ¥y SCFPRL SRIGPENREY P@Egrlflge %ﬁr gﬁ%ﬁwlgg@telﬁn@vseald
unwesdcadacy igieneibt 1, t51andTée fonth hisaming sais secgndary cycle
cl aj e i i rsdig segeddd ]
hel 'B{P"é lé?%ﬁqg{es !’;ﬁﬁgﬂ] ;q#n%ﬂrll?tat%r) rlnﬁt%g%?ﬂ?%r s/egla .T], . Tlg, .g}rllcde
so fodetgoingranphyakai af copaeteniFRSHitioRs yWhtBE} saidgprimary
13 heinterhddons of éoided. 1y hocimal so Sarth Weang selected foutepah of
of Sl ihRLAs SPILSARATsol féE MeBdltiniein 6l Abiaeo A.C.

| eng : sard prinary timng interval s.53.
met bowpliedeg;ecited in claim4l, wherein a nultistep

f.equenC_G(ci)i tﬁiﬂdls@ﬂ?ltﬁiﬂtﬁgfw tigsingriatervalaTd, $eedhdaid/ primary
I m.n I n rv an SQ.: . I;
r ep&SHE ngeégglni%’r @ﬁ%%?}% .S%gzlpnﬁfﬁg %ilﬁgéme%lsﬁ’dgg and
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as, recl
20n sbaforth53f pwisentimay teatheuicputasn f single emptans vgsfage or
seqeeaneat l¢lel ¢n thaendnner bETyt, iorebd arglivisledfinghe dnanner of

sec%%%éi er ng intervals.
(d) each said secondary interval or undivided primary interval

within said primary cycle has a uniquely assigned voltage or current
25  level, from among L1, L2 and so forth, which is always selected when

that interval recurs; and therefore,
(e) said electrical signal is substantially identical between any

two repetitions of said primary cycle.

30 45. The method as recited in claim 44, wherein said substantially
constant voltage or current levels L1, L2 and so forth take the form of

constant current levels lying within the range between +10.0 and -
10.0 milliamperes.



55. The nethod as recited in claim40, wherein said

el ectrical signal is periodic and in which said
w@eoosmozseand secondary timng intervals have PCT/US2004/020207

approxi mately the magni tudes and rel ationships: (a) 50

msec < (Tl, T2, ) < 30 sec; (b) 200 nmsec < (Tl + T2 +

...) < 120 sec; (c) 2.5 nsecl08 (tl, t2, .-) < 50 nsec;

(d) 5 nmsec < (ta + fl>+ ...) < 0.5 TA; and (e) (tx ,

EI% il6: - - Th& nﬁ\etﬁbgl a5 1tlekzéit$ -ih;clé‘f?ﬁrS?*v@{éreinT ig%pafi Zb' Eycle
Uy, Coimpyisgs Lo lcpgpst Bimbry drding icals,ThoAd sk, Hiine
met blodiredatiomship ed i n cl ai m 55, wherein are gener at ed

flour lsaigi’[g*ig‘fpggsg@qg(\éal s Ti, T2, I T3 Iand '2I'4, a
t . r. nt. tl, 2. SO
or TRt BBy i SbS JRREY oPrgE dRISFErY afy Tavdf ah; Secppd
andldizess uthierathayicldimp 44 asgnswdisicapdimaly cyzkr with B) duty
L2 a0l ?66%%@?540"’." |y equal nagnitudes but

C

oppogl te po%\grltl es,; Tl is spent at a constant Li;
and (d) T2, T3 and T4 all contain secondary timng

cycH@s. 5The higho@tb octird ihadained, whefdiniablBt twhof ehid: at

. _ oot of sal . : T .
th3) 1ekst Sy AriREY G5l il UAR . Rt Contain
|en§@<mnd@s) cydes shighhglep difaninefreqeency2 or T4; and (d)

the A . C. anplitude produced by said secondary tim ng

cyche W Afl rh%%‘o%n % %éciééc’dc rl(g chgl\%q téﬁff L\%ﬁ'%}qutgsa? %%H&%jary

by sai.d secondar n
ot REEIC SOMRIE GHAFTD E1RiISRIGSECORABTEAIING Bieriads t and 12,

15 epabiinigQhe relatiofthipai d prinary timng cycle may be
varied, £oRtd BUIQUSR] Y, Or stepw se, across sone portion
of the r e"ﬁgﬁm ho 500 Hz in order. to sgsi[t t.he .
desi éeg‘bﬁ’ﬂ%é gicdther ghapidpcppdary dpama inderviaky winlgftB is

o a0 sy
,ap pﬁé‘a.@ r?g?‘g?%ﬁ’ %@%@ar@gg%d 200 KHz. )

49. The method as recited in claim 44, wherein said electrical
signal is automatically turned off after a preselected period of time.

50. The method as recited in claim 40, further comprising filtering
25  said electrical signal to remove unwanted components.

51. The method as recited in claim 40, wherein a multistep
sequencer is used to help generate said primary timing intervals T1,

T2 and so forth, forming said repeating primary cycle.

30
52. The method as recited in claim 51, wherein the outputs of said
multistep sequencer determine the relative lengths of said primary
timing intervals.



59. The nethod as recited in claim57, wherein said
anpl i tude reduction of the signal during T2 and T4,
whedosmoiehat during T3, is achieved, in whole oOPCT/IIS2004/020207
part, through the selection of at |east one said
vol tage or current |evel during T3 which is not used
during either T2 or T4. 60. Tt nethod as recited in
clai m57, wherein said anplitude reduction of the
sigral dgLn n - bel.aw ur | T3, i .
achirsg\'/ed%lbrli;h\/?ll-%j;(fl %r -l;léﬁlt&gr@, cﬁ ﬁ%u‘ﬁg %‘ﬁ%reﬁge fao?n %}UStep
di  FERUSTioct & BoG i RelRr SPreraie sgicksraoB danr ABDE A0iervils 1,
t hatt2 ahil sh foghyfethidgsangrepestieg sddndaryidydd. The
met hod as recited in claim55, wherein are generated a
plurality P of at least four_ of said primary timng_
Pnt eftval $hgimethod apFegiied s clavm $3, whersie thaoutpaits 8f sgid
sai msles@pdasgyichidt deteriRy thel 2ldtlive Ieﬁgtﬂﬁoﬁ@ﬁdséécondary
al

for . dd nunber Q of said voltage or current
Ievté&%mgiqgte?g 8L3 and so forth, such that: (a) LI is

substantially zero; (b) The remaining said voltage and
cur sént Eﬁ&exhq%tﬁdﬂL abﬁeﬁﬁedS%b Ehifh #OQWIE@EM gaﬁi ePilrical
air. S LX. e ers of eac ai air . .
1S S s erivtic, gl it e BamA anch SihrRRD tirwipe
Tl iintesdnhave approstmatedy thd magpidydes dndotetationships:
primary (d)nbOgsentdlvaly, T3.<3IBsaqid so forth contain
secondarg@cz@@gé@@ggﬁgy%g b\sﬂ%ﬂsé 1y equal

repetiti [a g? ym srtgnal’” anplitude is
pr esent r2Rd'secpr (thatdy -+ FPAGNSSE er val TN, where N
1pr ef er ab(d) &qusat s @peut, P/3+<10.5 BA] apt)) during the
remai ni ng,ysai d.pri{ary;i nteryvals, said signal
anpl i t udg? Gﬁcfgaé;gég@ rnrelg’sy\'ié)l’y fromTl to TN going
ei t MErre 6l hal 2 oo Kwh2 d adolAd @hi @, pr flary th imi-pgnd
cycl(, thhe)) aby aagefioed irmtliengpeaifidativaci dal envel ope
with itS maxi mumduring TN and m nimumduring Tl . 62.
The nmethod as recited in claimb55, wherein are
2genébat ethamyethodimsrrecited @ dlapm HEyr wherem nge gatenawal Hur
Tl sdid, pfenafdiserystTy, thy J3i dndeqandarylurhlfyn@f said
i nt [ d reec-sal d_voltage or, Culrent
I evg?&éoqﬁﬁ’r Lla?egﬂ%lgfg, q@u%’%@ t a{“c_)r‘?h, af @' thf%e <8l Voftage or
current levels L1, L2 and L3, such that;
(a) L1 is substantially zero;
25 (b) L2 and L3 have substantially equal magnitudes but opposite
polarities;
(c) T1 is spent at a constant L1; and
(d) T2, T3 and T4 all contain secondary timing cycles.

30



(a) LI is substantially zero; (b) L2 and L3 have
substantially equal nmagnitudes but opposite

w@oedoanileses; and (c) primary intervals are gr OPEEUSI004/020207
threes, wherein (1) the first said primary timng
interval in each said group, such as Tl, T4, T7 and so
forth, are spent at a constamp Li; (2) the second said
primary ti mng interval in each said group, such as

T2, 535, "Fﬁ c?aé?ctn!}dl ahﬂi?é, h&ifl secondary
SR g N R PN

rectfgngul ar wave signal wthin each such said

even-nu ‘BaRd TIBEY ¢ ﬁ%}ﬁﬁf % ﬁlﬁ‘ﬂ@gé‘?hthe third said

I nter oup, such as

r| mar
d gﬂn”dl%slﬁing?ﬁ A SFiGCE b3 a*éll%const ant vol t age
or curre@i) tevel. O/Vfblrﬁ 1ieidef proziulce@nby- | sai deyeebiddrgr ﬁhﬁﬁ

an 3; t n

o Rl P 1 (g ey s
thrd Wﬁlﬁﬁngﬁyﬁ]&r‘vl ﬁi“nffhg cycle is zero, so that
the resulting said electrical signal is

harge anc ecited in claim
1§53 SGher hAMEG 85 rer CaIBRPIRT  Pm¥ DS ng | nt erva
in each @i cthgrr@pptlh@tmtratmsf sarde priamayy| aming\aycheaiayy be
a n%‘rlé@ I BoRifuEh) 'otr%q wﬁ@d aéﬁ%ssﬁin‘ije agi‘tg&l g?l ’L{Egrﬂénge
T b gbo bl & Eegﬁq SuDhRResiaR b RRBRR: %,
subst ant (tal thy repetityen batearcdestid 86corkaey reningdcydes within
15 eCIItzecrg ané B4 meﬁaub%énetﬁl &l eg aaldetnﬁclemm?; eedrd dfglerlﬁbtgveen
pri mar a n at | east one of sai
gr oﬂB%‘y(’GCFm? ggOﬁQﬁz %@8@@?@*% arities fromthose in
at | east one other of said groups of three. 66. The

rreé gd aghé §h fh%g‘ b I‘E(I:I?éd’ntlﬁ%lam e V&}héﬁln abid ea%ﬁéhmde
PoccflushBndef B el REs T e, T2, REHS, Thprbig
2equachieved; ipuvkee drantpad, sivongh tthe selettyomohatleastodra md

bal apkgge andufrbnt Ihal darigI PN ehichE Beduded @ﬁhﬁ%&ﬂﬂer T2
in vvhglée or in part, through polarity reversal between

at Peaét one of said second primary

60. The method as recited in claim 57, wherein said amplitude
25 reduction of the signal during T2 and T4, below that during T3, is

achieved, in whole or in part, through the use of a different said
secondary timing cycle during T3 from that which is used during

either T2 or T4.



timng intervals, and at | east one other of said
second primary timng intervals, within said groups of

WO b0sm0266¥. The nmethod as recited in clai m62, PeTEs®04020207
at | east one of said second primary timng intervals,
within at [ east one of said groups of three, contains
a secondary timng cycle whase repetition rate differs
fromthat in at l|east one other of said second prinary

ervghgd 68 re-mg TRt 8adnass F &4 f’é?g dr8 gélﬁ,“rﬁﬂed a
NI B Rkt SR T e

s ecambleus yotth pamgvemnembet S, of/sdid @geomiary iravay lﬂt@Vélsstl )
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escri be
poWVGLSnLahJJZ é93 a éorff%lftﬁ’osdl°§§ﬁ?%0| ted in %:/I ai m 68,
wher ei n (apild) Bedubstantiallyaepoi ses: (a) the el ectri cal
si gnal 'ﬁl‘é' {ér% ik ﬁg%la?d W)lg% ﬁ{lﬁcﬁﬁéntt@@e@@}mj &@d so

si gnal reC|t

r echrﬂu Qlﬁn at keaph %e Piﬂﬁ § eq*», Q@%Yeﬁugclpﬂr@gfs gf gk said
i's apebeRfl 6qafidn lnﬁhg%lﬂu@@ b‘iﬁb@p@glwﬁf olaridy;secondary
@el aplgoln f)ﬁa 1§|s?e§@%% rrsec ni%el yl_st e magni ggdes and
(b) 200 (&8 zald pomary tl%lng 111%V§QCT} ?é) néis £0 forth

nseEOSTtafﬁ |sec61?dary c?clés 201 Mg sﬁBQtaﬁtlﬂByECecﬁJaﬂtI&ptttltlbn
; and (e) (tc , ty, ...) <2 (ta +tb

+ | Tatgs; vvhere TI may be arbitrarily |ong, and where
(T2 : T3(e) a maxigiizn Fienal amplitade 1§tpresqrg during a prignary
15D timing Xnt%ﬂ@bl(m whete N preferablyeqaslsddfoun @d2+ by artde
spemhc&ie&)n ]t The net hod .gs r.ecited,i f:slag?a Q 1
wher ei n rg?e‘@%vnlguﬁ%@ PEIREY ST VAl maiq, Siena
ti rmngph‘md@r vBprease , progressyeanditen £ bk ¢ if) “ggand either
nun‘?&rw S &g@ﬁ@o )d 1'séu"df' wmanfyehvﬁh tlclel ZhefeBy

and so

cur PBWEOW\? Pg ?_ISIm}_SQ? 3_3 an S0 fort“%(jlllngfﬁl\é‘ﬁél Qﬁ‘nH% §N
201 andmmsmamd@mng dero; (b) The renmining said
vol tage and current |evel s L2 L3 and so forth form at

LZ??@E onehg %éthgacaps 1%%1‘[% n c aim I%% %J?eelgisar%fge%%%ﬁed any
number of said primary timing intervals T1, T2, T3 and so forth, two
said secondary timing intervals t] and t2, and three said voltage or

25  current levels L1, L2 and L3, such that:

(a) L1 is substantially zero;
(b) L2 and L3 have substantially equal magnitudes but opposite
polarities; and
() primary intervals are grouped in threes, wherein
30 (1) the first said primary timing interval in each said
group, such as T1, T4, T7 and so forth, are spent at a constant L1;
(2) the second said primary timing interval in each said
group, such as T2, T5, T8 and so forth, contains a said secondary
timing cycle alternating between L2 during t] and L3 during t2,

35 thereby forming a square- or rectangular-wave signal within each
such said even-numbered primary interval; and



pair being equal in nmagnitude but opposite in

polarity; (c) Tl is spent at a constant LI; (d) all
wWorwsnozes d primary timng intervals T2, T3 anBCBEUS2004/020207

forth contain secondary cycles all having

substantially equal repetition rates;(e) a maxi mum

signal anplitude is present #lxing T2; and (f) during

the remaining said primary intervals, said signal

ggp' it udesr de@ %éethﬁrdolgala?ﬁﬁfa thhidy :i)ﬁtEPvail hinOesHOWAid

[

exp%ﬁ&ﬁﬁ r%lc}{ Ta.oP6, X6 afid so forfithls RPEttdt J‘E‘éﬁéﬁ%%ltage

dur mgumznhlmf%whlﬁh rﬁg Hewsi fﬁgmr 1 th@reb‘y'rfermnmgerl eaISIathng

rec#g%_l n claim7l, wherein each iteration of the

primary timng cycle is initiated by an external

ignal. 73. The nmethod as recited in claim40, wherein
sai @3el etheimethodi amnadcifed hpplalimd6ib,ywhemincthe\&1m of D.C.

mat %&ﬂm&& Mugmmw hHPalry bd?}ﬁ}h bf&le r5' §§ {Ratthe
cel | ture
|ncF%-°5PiTén& sqid ﬁ%@%@ﬁlg r%llargee PS‘ﬁd

differentiation, or pr oductl on of desired substances.

164 ghhe ﬁ%tﬁ‘i’%hgaa ?gélfe%dm' d]?ﬁlll%Bmvlﬁ reltfere' n Sa' d

con UCtIV% gr ‘g ura fhI gt
bodi es ofd)el @€ rseean ﬂanawcﬁﬁm@gnmt@wa Ny group

dir eoh‘(cjamst o rédiengianwaue haemg & honteeo eChamplitside, and

t
el udes (O HE M ? S B B P T SEoH VA TROED s an
mat @PPasitaph) Cedama if1d%, s saesiag Saide JeHERal RHANEhdO  be

15Ki @ub?t@ntlilﬂlﬁchﬁghqmlmddem ted in claim73, wherein
said conductive material includes at |east one body of
el ectrically-conductive material inserted intqQ or

i npl6dnt ed hei mpthedaahteritedon slaAmb2hodieren $aid sigeondand

: Th!l@lrﬂqiﬂlﬁdrytaﬁnﬁﬁ ihegdval withinma? Sezis\t\hﬁfeed)ﬂ ssidl %roups of
con v er.i
gf;f & C}éq%enéapcpor% Otg &olgﬁ 18@?1%11?&1}138%%% e}tqQ%srtbo%%y Pf said

el e Ve ha
20mmereers eohthage.el ectrical | y- conductive i qui d. 78 The
rret hod as reC| ted in claim73, wherein said conductive

f duct
I [ q é{ﬁgg a%ﬁ%%ﬂé/d 1?1 Clﬁ nsr%ﬁ {Vgl%%/éﬁér C?lnsgﬁel Vgr
part t he(@cﬁt leasgyoniseof saig tbiad pronarpheming frjervals, within at
recilgad one ofl fiidnefu s\/\@ﬁﬂﬁb@ &rl foratigg tani &plalizighplilsesis

pl | h
30 1hf S8 Bl REREHE Ehd GBS pts 2, ot b,

bever age (or charger batanes itpstead is achieved, in whole or in part,
through polarity reversal between at least one of said second primary

timing intervals, and at least one other of said second primary timing
intervals, within said groups of three.
30
67. The method as recited in claim 62, wherein at least one of said
second primary timing intervals, within at least one of said groups of
three, contains a secondary timing cycle whose repetition rate differs
from that in at least one other of said second primary timing intervals.
35



to inactivate sel ected pathogeni c organi sns whi ch may

be present. 80. The apparatus as recited in claiml1,
wob@sezses he el ectrical signal generated is  PCT/US2004/020207

substantially the electrical signal shown in Figure 6,

Figure 7, Figure 8, Figure 9, Figure 10, Figure 11,

Figure 12, or Figure 15. 81.1The apparatus as recited

inclaiml, wherein the electrical signal generated is

subsetaant mkel Mlettlli’&l alsefddifedain %1&&@'4@ hﬁiﬁhe‘r ncd:ﬂq?ﬂél%g6 the
e .et ecl ai.m 40, wherein

or e ofg S5 0 gt %%s%cgﬂw%mgywﬁ@ry timing
el ednterealb, sacgndarystummmg inteRiadsneolBigeRirgmreent lewlguoreany

8, Fdo%lﬁﬁat%n Fdfg'tﬁe%elgo Eé %ﬁr;r?ro%l%lce Fr@“'b? él%)lul‘%l'hty of the
Ei guie 15. ecilt

%ﬂfﬂél@@é@fmgﬁy d, gere ct s

substantially the el ectrl cal signal shown in Figure 6.

84. ¢ appRd 3hithofiOhs IERRIRLH "DaRR & e%’é%éiﬁl sa3d ction

con‘pr|3|n generating prinary timng int'erval s an
secd? imng intervals into which at | east one
pri rrar y (a)rrthugelemtrmai/ailgnahasjracnﬁéddn cail6 Py amdar y

foi mng i Eﬁ)egn@!el%cfrfga%%%g?agg%ﬁ&ﬂ R4nced. primary

cycl e. apparatu apa of generatl ng
subst antially the electrical signal shown in Figure 6,
Fi guite 7ThEi gietleod as Fiegited 18, clairgu4@ D whiclhwagd Jelectrical

F' Q%F@a]r%s ﬁyﬁ\l\ﬁi(’g%& fxﬁvhi%ﬁ sraTH]ﬁDrﬂ'Hﬁ’lg; Qﬁ&'%e@c?n ?ga rﬁﬂlg

s el é@ie%%lé © gRprpxamataly rdé‘:amagngtﬁép%awg r@@tlgmpm ed.
(a) 50 usec <(T2, T3, ..)<30sec,

(b) 200 psec < (T2 +T3 +..) <120 sec,
(¢) 2.5 usec <(t1,t2,...) <50 msec,
(d) 5pusec<(ta+tp+..)<0.5TA,and
(e) (tx, ty, W) X2 (tat+tpt.),
20  where T1 may be arbitrarily long, and where (T2 , T3, ...), (T2 + T3 +
-, TA , (11, 12, ...), (ta + tb + ...) and (tx , ty, ...) are as defined in the

specification.

71. The method as recited in claim 70, wherein are generated any
25 number P of said primary timing intervals T1, T2, T3 and so forth, an

even number S of said secondary timing intervals t1, t2, t3 and so
forth, and an odd number Q of said Voltage or current levels L1, L),
L3 and so forth, such that:

(a) L1 is substantially zero;

30 " (b) The remaining said voltage and current levels L2, L3 and so
forth form at least one pair such as LY, Ly, the members of each said
pair being equal in magnitude but opposite in polarity;

(c) Tq is spent at a constant LL1;
(d) all other said primary timing intervals T2, T3 and so forth

35 contain secondary cycles all having substantially equal repetition
rates;
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(e) a maximum signal amplitude is present during T2; and
(f) during the remaining said primary intervals, said signal
amplitudes decrease progressively with time throughout said primary
timing cycle, thereby approximating an exponentially-decaying

5 envelope with its maximum during T2 and minimum during TP.

72. The method as recited in claim 71, wherein each iteration of the
primary timing cycle is initiated by an external signal.

10 73. The method as recited in claim 40, wherein said electrical
signal is applied by conductive material to a human or animal body,
isolated tissue or cell culture to relieve pain, stimulate healing, or
increase cell metabolism, proliferation, differentiation, or production
of desired substances.

15
74. The method as recited in claim 73, wherein said conductive
material constitutes a plurality of flat bodies of electrically-
conductive material applied directly to the skin surface.

20 75. The method as recited in claim 73, wherein said conductive
material includes at least one body of electrically-conductive material
applied to a tissue surface other than the skin.

76. The method as recited in claim 73, wherein said conductive
25 material includes at least one body of electrically-conductive material
inserted into or implanted within a human or animal body or tissue.

77 . The method as recited in claim 73, wherein said conductive
material includes at least one body of electrically-conductive material
30 wholly or partially immersed in an electrically-conductive liquid.

78. The method as recited in claim 73, wherein said conductive
material includes a body of electrically-conductive liquid in which a
human or animal body or tissue, or part thereof, may be immersed.

35
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79. The method as recited in claim 40, wherein said electrical
signal is applied by said conductive material to a human or animal
body, isolated tissue or cell culture, food, beverage or other material
to inactivate selected pathogenic organisms which may be present.

5
80. The apparatus as recited in claim 1, wherein the electrical
signal generated is substantially the electrical signal shown in Figure
6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, or
Figure 15.

10

81. The apparatus as recited in claim 1, wherein the electrical
signal generated is substantially the electrical signal shown in Figure

6.

15 82. The method as recited in claim 40, wherein the electrical signal
generated is substantially the electrical signal shown in Figure 6,
Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, or
Figure 15.

20 83. The method as recited in claim 40, wherein the electrical signal
generated is substantially the electrical signal shown in Figure 6.

84. An apparatus for generating an electrical signal comprising

generating primary timing intervals and secondary timing intervals
25 into which at least one primary timing interval is divided, said

primary timing intervals forming a charge balanced primary cycle.

85. An apparatus capable of generating substantially the electrical
signal shown in Figure 6, Figure 7, Figure 8, Figure 9, Figure 10,
30  Figure 11, Figure 12, and Figure 15.

86.  The apparatus as recited in Claims 83, wherein the user of said
apparatus can select one of said electrical signals to be generated.

35



