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Field of the Invention
The present invention relates to a method and

10

stimulation to the patlent.

Background of the Invention
Among the known types of apparatuses for applying

an elec

15

trical stimulation ¢to a

patient
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ion relates to

ng el ectrical

g t he known
a patient

én§ﬁ?ﬁEPures

i's

such as nuscles and/or the nerves that
that are reached with relatively high frequency

but are respofsbye-Rerdrahabi ¥8| Kol ted rmqr&gia'hgnal S.
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1989 and which is

20 The

apparatus for treatlng a patlent by providlng electrical

is the

interference type apparatus that is used to stimuiate
structures located within the patient’s body,

such as

muscles and/or the nerves that control muscle action,

‘that are reached with relatively high frequency signals,

but are responsive to relatively low frequency signals.

20
~ primary

' different,

signals

The interference apparatus operates by applying two
of relatively high,
frequencies to the patient’s body.

but slightly

The

primary signals, dﬁe to their relatively high frequency,

penetrate

25

aforementioned

the patient’s body

structures where they

and

reach the

intersect and "

'produce a beat signal having a relatively low frequency

that is

frequencies of the primary signals.
" interference type’ apparatuses is U.S.
to Hudek (1983) which illustrates the use of a square-

30

egqual to the

slight difference

in the

Exemplary of known
Patent 4,374,524

wave signal generator in conjunctlon w1th a plurality of

.. phase-locked loops and low-pass filters to produce a

plurallty

of sine-wave,

primary

-signals.

Also

representative of known interference type apparatuses

35

to

providing two

" are U.S. Patent 4,071,033 to Nawracaj et al.
U.S. Patent 4,153,061 to Nemec (1979) which,

primary signals
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di fferent, frequenci es to the patient’'s body. The primary signals, due

to their relativ I g4)7f requency, penetrate the patient's body PoI/USH6574
t he 25 aforenentloneg structures where they intersect and produce a
beat signal having a relatively low frequency that is equal to the slight
difference in the frequencies of the primary sh%gals Exempl ary of known

I nterference type apparatuses is U S. Patent 4 4,524 30 to Hudek (1983)

which-illustrates the g4gen@hdesyualige myﬁﬁiwadodma%amé b 'la"i@tha
with a plurality of p ase- Io.cked Ioo§ rape ass fflltgrs t'?’[p & in
plurality of sine-wd Bgn % CsETFERFRsent & | SRETR S

known interference tyﬂbwapwanaﬂm@e§qu§reaWéV@:SprtaﬁéhtSIHuﬁlﬁ(Ri?taﬁplltude
Nawr acaj et al. (1978)mocﬁﬂ¢»déd8 oy’akebhes &535cﬁfa1ret-&auar,m<‘ra(m19979éxg$ﬂéﬁlaun

addition to prowgl ngs rimar signal s di -I[f el[xent
eml—S:L e or 1ne ve 51gnal. emec two 51ne-wave,

primary signals are modulated by two low-~frequency sine-
wave signals to achieve stimulation at the point of
application to the patient’s body in addition to
producing a beat signal therein.

10 Another known type of apparatus for applying an
electrical stimulation to a patient’s body is
exemplified in U.S. Patent 4,392,496 to Stenton (1983).
Stenton applies two, apparently, square-wave signals to
a patient’s body in an alternating fashion to achieve

i5 muscle stimulation and prevent disuse atrophy. Further,
in order to achieve optimal muscle stimulation and
enhance the comfort of the patient, Stenton provides for
the adjustment_of several parameters associated with the
applied signals, such as amplitude and frequency.

20 Yet another apparatus for administering an
electrical stimulation to a patient’s body is
illustrated in U.S. Patent 4,580,570 to Sarrell et al.
. (1986) . The method of Sarrell is characterized by the
application of pulses that have a relatively high

25 voltage, high.peak but low average'current, and short

' duration. Moreover, the apparatus of Sarrell can be
adjusted to apply the aforementioned pulses ™
continuously;"peribdically, or in an altetnating

_ fashion. _

30 Typlcally,_the patient’s body produces electrical

. signals, in _the form of sensory and mnmuscle nerve
impulses, that 'are exponentlal_ in character.
Characteristic, hoﬁever, of the foregoing apparatuses is

: the appllcatlon of signals, like sine-waves and square~

35 waves, that are alien to the typical patient’s body.

' Consequently, the patient can - experience a certain
amount of discomfdrt,'?noreover, exposure to such alien
signals can traumatize certain biological structures

is Sheet Has Been Replaced

TR v L




-2- frequencies, also anplitude nodul ate the primary signals to achieve

various therapeutic effects. For exanple, in Naw acaj two square- Wqeys90/06574

primary signals ms’yﬁfﬂlf’t ude nodul ated by either a square-wave, ranp,
exponential, 5 sem -sine or sine-wave signal. In Nenec two sine-wave,
primary signals are nodul ated by two | owfrequency sine- wave signals to
achieve stinulation at the point of applicati oT3f0 the patient's body in

addition to producing a beat si.gnal..therein. ' Kk t

apparatus for applyi n§SS¥3PEERs V&gﬁ’ Qf% %#a’teljng:ﬁ tg°§s§§?|££ﬁy'sr%\(l)%/e %égéis(&fs
exenplified in U S P& aeed foglrasnethed Qe mlactrebdsyrarenthe orreafiients that
two, apparently, squargosté@ssal3lghalOoz RiAGhals' €haPdiord EToslye iedicmbde

Lashion to ach ove, 19 o ClgRbh ULt S ADA oBe" 1> SEL ALY pppuras

confort of the patdentsignadson probhere f #13Pe &FiskFrent omerderfpr an

paranet ers associ at ed ghiddtridterapeutic method that produces a signal capable
of penetrating the patient’s body and that reduces any
trauma imposed upon biological structures associated
with the patient’s body.

10 °  Further, others have used electrical stimulation to
treat "the  internal structures of a patient by
penetrating a"surface that overlies the structure,
typically by surgery, and then directly applying the
Signalltc the structure. This is known as an invasive

15 application of an electrical signal to the structure
that is to be treated.

Preséntly; invasive application of electrical
~ signals is being experimentally used in treating the
" structures associated with the eye that are not directly

'20° exposed. These structures include structures interior to

" the eyeball, such as the vitreous humor and the terminal
"pértion of the optic nerve, as well as structures
_exterior-to the eyeball, such as the muscles that rotate
the eyeball. Typically, electrical signals are applied

- 25 to these structures by surgically exposing the

'_stfhctuz"e, which typically occurs via the roof of the

‘mouth, and then directly applying a signal to the

afflicted structure using, for example, needle probes.

" Typically, this procedure can cause a patient

' 30 significant amount of pain, 'inflamg the tissues

associated with the éeye, and/or traumatize certain

 structures associated with the eye.  Moreover, this

'procedure can facilitate infection of the exposed

_ ';stfﬁcfufes;" ' ?ﬁ:ﬁhef, fthe procedure is generally

- 35 "iﬁéractical for use in correcting afflictions that may
require multiple treatments. '

a COnsequentiy, based on the foregoing, there is also

'a need for an apparatus and method of non-invasively
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applied signals, such as anplitude and frequency. 20 Yet anot her

apparatus for $) ;ﬁgri ng an electrical stinulation to a pat pertUs90/06574
body is illustrate R ’S. Patent 4,580,570 to Sarrell et al. (1986). The
met hod of Sarrell is characterized by the application of pulses that have a

relatively high 25 voltage, high peak but |ow gverage current, and short
duration. Mreover, the apparatus of Sarrell can be adjusted to apply

the aforenentioned ﬂ%ﬁ aﬂe@ qaldy, '@Eudﬁh%@. ced
al ternating fashion. %3hﬁ§a X 0fla '8 associate

|1y, atlent qQd roduces
el ectrical signals, iniH ¥ae nf}ég‘F g@nﬁiﬁ? AN ?tfg‘r‘\‘% Bﬂﬁul°§e§“a
are exponential in chaassnamate@h&hecstrmsxuna- h@wwwsrthefvahzoﬁswaiﬁﬁqulons

appar at?ﬁets s thle app%i-crti’éiéﬁtlég t‘ﬂa&naltf%ectal k_ﬁeswe a@aeéhé)@cal taasaecio?ﬁof

batfent can exper i Bncel BLPERHIPEHEIYT B cBR SAEToRy B0 R kDG, AT

to such alien presbyopla, muscle imbalance, cataract, glaucoma,
inflammation, headache, iritis, anterior ureitis,
postefior' ureitis, optic nerve neuritis, optic nerve
ischemia and visual field defects.

10 Summa of th nvention

The present invention involves a method for
relieving symptoms associated with injured tissue in a
particular region of a patient. The method comprises
- providing a periodic-exponential signal in that region
15 of the patient. o
‘The present invention also involves a method for
_decreasing inflammation in an afflicted region in a
patient by providing in the region a) a first periodic,
dpuble—exponehtial signal having a frequency between
20 about 0 H and 1000 Hz and b) a second periodic, double-
Co 'éxponential signal having a frequency between about 1000
' Hz and 100,000 Hz. o
;_ In another enbodiment, <the present invention
_ " involves a method for relieving symptoms associated with
'f25 __;njured tissue in a region in a patient. The method
. :%féompfiseSg a) providing a first periodic-ekponential v
" signal; b) providing a second periocdic-exponential
"51gna1, c)_ summlng the first and second signals to
_ :;produce a sunm signal, and d) applying the sum signal to
”aTéduuxthe region of the patient.
- CT In a further embodiment the present invention
”f;involves a method for improving the relative strength of
;muscles' associated with the eyeball. The method
| comprises prov1d1ng a periodic-exponential signal to a
'35 selected group of the muscles.
In another embodlment “the present invention
1nvolves a method for treatlng an ulcer by prov1d1ng a
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signal s can traumatize certain biol ogi cal structures -3- associated with
the patient. Consequently, there exists a need for a nethod of /US90/06574
electrotherapeuﬂVQ%Fﬂggf nt that produces a signal or S|gnals tha

closely resenble the exponential character of the patient's natural 5

si gnal s. -There also exists a need for _an electrot herapeut I C

nmet hod that produces a signal capable of penetr§r’ng the patient's bgdy and
t hat reduces any traupa_li osed upon bJ tures, ass ted wi.t
the patient's body. 18T+ lcFex?ﬁ qheS%Sg §§8 5?%1:?’?&“;&‘* Patlent

stimulation to treat pnetamnenqathstumm es of a patient by penetrating a
surface that overlies the ghottlel € .edidd CRéhty ¥ SUEKRET VinvdHt ildMeN involves

directly applying thet§ gggkgtglgg%eéta% A1 Tmé% S knowg § %Qobggggévg
5 periodic-exponential signal to the tissue. ' .
A further embodiment of the instant invention
involves blocking plasma kinins from receptor sites in a
region in a patient by providing a periodic-exponential
signal to the region.

10 The present invention also provides an apparatus
and method for non-invasively applying an electrical
signal to a structure associated with a patient’s eye.
The apparétus includes a device for positioning a
conducting device for the electrical signal on an

15 exterior surface of a patient where a substantial
portion of the applied electrical signal reaches one or
more structures associated with the eye. In the
preferred embodiment of the invention, the device for

_ positioning 1locates the conducting device on the

20 exterior surface of the patient at a 1location

Suhstantially interior to the bone structure defining

. the‘patient’s eye socket.
In operation, the conducting dev1ce is positioned
_ on the exterior surface of the patient at a position

25 that results in a substantial portion of an electrical

signal béingn applied in the region of the eye.
- Preferably, this involves positioning the conducting
'ﬁdevice at a poiht that is substantially within the area
defined by the bone structure that forms the frontal

30  aspect eye socket. An appropriate electrical signal is

" “then applied to the eye via the conducting device. The
preferred electrical signal is shaped such that an
electrical charge is 1mparted to one or more structures

R associated with the eye. A signal that has been found
35. to achieve this is the aforementioned periodic
B exponential signal. Another signal that is believed to

" be useful in imparting an electrical charge to a '
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15 application of an electrical signal to the structure that is_to be

treated. Pr esen&gé 270 17& wasive application of electrical si gna?gr ‘%S9B/é)ﬁ§17d
experinental ly i treating the structures associated with the eye that

are not directly 20 exposed. These structures include structures interior
to the eyeball, such as the vitreous hunor and-ghe term nal portion of the
optic nerve, as well as structures exterior to the eyeball, such as the

nmuscles that rotate therarebat! asSypliatdd Witk diter ieysl l@n@nﬂ#s ar singsnidad
25 to these structures 82¥na?£%é=éﬁﬁ#dﬁenexﬁﬁé'dicté&%ﬁihéﬂﬁlure whi ch

a1y et b e o sri Aot nERrSHEE H Ol " ne
Typlcally, this prOCGQH@%eﬁ%n1&&&&61ﬁnpafeeappéibnt3|gn¢t|:n§Manqgnnpﬁ neyf-
pain, inflame the ftjssues é§$éyk t e AeRtraBd] Or sigRaIBIEEE the
certain structures® assotiatod y Mor eover,  this procedure can
facilitate infection @kxmnguggpggégclate with the eye, 'the presen invention
substantially reduces, if not e11m1nates, the amount of
pain, inflammation, and/or trauma associated with
invasively applying an electrical signal to the
10 structures associated with the eye. Moreover, the
present invention applles an electrical signal to a
structure associated with the eye while also
substentially'avoiding'the exposure required in invasive
_applications of = electrical signals that facilitates
15 infection of the structures associated with the eye.
Moreover, the present invention facilitates the
treatment of afflictions or maladies of structures
associated with the eye that require multiple
treatments. currently, the present invention is
20 believed to be useful in treating the following
B “'afflictions that affect theh eye and associated
structures: ” ptesbyopia, muscle imbalance, cataraet;
. glaucomna, inflammation, headache, iritis, anterior -
ureltls, posterlor ureitis, optic nerve neuritis, optic
25” nerve 1schem1a and visual field defects.

' Brief Description of the Draw1ngs
. Fig. 1 illustrates a first embodiment of the

apparatus useful in the invention; _

Fig. 2Aa illustrates several cycles of the sum
30" signal that is applied to a patient’s body by the

; ﬂapparatus shown in Fig. 1._
Fig. 2B 111ustrates a portlon of a single cycle of
" ‘the sum signal that is applled to a patlent's body by

“ the apparatus in Fig. 17

35 Fig. 2C illustrates the substantially constant
o amplitude per10d1c—exponent1al portion of the sum signal
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'structures. Further, the procedure is generally 35 inpractical for
use in correcting afflictions that may require nmultiple treatnents
Consequent |y, bas¥® ¥MOT6A% foregoing, there is also a need for an BppAruP(¥s574
and net hod of non-invasively -4- applying an electrical signal to
structures associated with the eye to treat various afflictions or nmal adi es
associ ated the structure. Anong the various affl+d7cti ons or nal adi es that

af fect_the eye and that agglication of 5 an electrical signal nmay be

useful in correcting ar®@tpriipPBRriedmioci® PRELFRN R, PRAY ab¥c tthey| aRRagAEUS

i nfl ammati on, headache shown iig, Fagtekfor ureitis, posterior ureitis, optic
nerve neuritis, -optic nervepjgchem gngdd thalalidna9l 8oL doqucddMBYY a
of* the Invention .
human patient;
5 - Fig. 4 illustrates a second apparatus useful in the
invention;
Fig. 5 illustrates another embodiment of the
- apparatus useful in practicing the invention;
Fig. 6A is ‘a frontal view of the preferred
10 embodiment of an apparatus for use in applying an
_electrical 'signal to structures associated with a
patient’s eye; |

_ Fig. 6B is a top view of the apparatus shown in

Fig. 6A; ' '

15 Fig. 6C is a side viéw.of the electrode positioning

member of the apparatus illustrated in Fig. 6a;

~ Fig. 6D is a detailed view of the electrodes and a
portion of the electrode positioning member illustrated
in Fig. 6a; '

20 Fig. 7 1is a "frontal illustration of the
 relationship between the electrode positioning member
 and a patient’s eye; and |

Fig. 8 is a cutaway side view that illustratés the
positional relationship of the conducting pads to the

25__ bone structure that defines the frontal aspect of a
' patient’s eye socket. )

o ‘With reference to Fig. 1, a first embodiment of an

" apparatus, useful in the practices of the instant

30 ﬁethbd,fthe electrothérapeutic apparatus 20 (hereinafter
'"_refefred'to as the apparatus 20), is illustrated. The

o éppa:afds 20 géperates a .periodic-eXponential signal

R ' i “'that“is_app1ied'£o a patient in order to provide the
o ' o 'desired treatment. The apparatus also, preferably,
35 generates a periodic-exponential signal .that causes

sensory stimulation. The term patient as used herein

This Sheet Has Been

LT

o3




The present invention involves a method for rel i eving synptons associ at ed
with injured tissue in a particular region of a patient. The nethod

conpri ses providi 3 B%f odi c- exponential signal in that region 15(:19!‘.155096’6574
patient. The presgﬁ? |nvent|on al so involves a nethod for decreasing

i nflammation in an afflicted region in a patlent by providing in the region
a) a first periodic, double-exponential signal %lng a frequency between
20 about 0 H and 1000 Hz and b) a second peri odl doubl e- exponentlal

si gnal-having a frequengxcpg&(g\geQeqiegg}af_gogmaq_gd clig?kpogs:_‘z% anl(l)t ers’

enbodiment, the present _Invention invo or re
synpt oms associ at ed wi t fiassle, |‘?’ﬁ‘iﬁ'ed=att|sssaérfiﬁ'as’ﬂ%’§‘?%r?qu télep&ﬁtkent

The nethod conprises a) provrie nappanatsis peoi odlhelvdgoneant ippwvesi 98abp1P) 22,
providing a second perlggégeﬁmgﬁpegtgak_sbgg atg;fg ng&gg g81éi£%taﬁ'%gtlng

m-si a
second signals to pgodu 1€agsejs tso gt e remaln er %pf the apparatus 20. A power

. supply switch 24 allows an operator to selectively turn
"on” and ~off” the apparatus 20 by, respectively,
connecting and disconnecting the power supply 22 from
the remainder of the apparatus 20.-

10 The apparatus 20 further includes a sine-wave
generator 26 for producing a constant amplitude sine-
wave signal with a frequency of approximately 10-kHz.
The 1l0-kHz sine-wave signal is within the frequency
range that is typically used to stimulate the -sensory

15 nerve_s- of a patient, i.e., in the range of about 1,000-
160,600 Hz. If frequencies outside of this range are
found to provide sensory stimulation to the patient,
then the frequency of the sine-ﬁave signal produced by
the sine-wave generator 26 can be adjusted accordingly.

20 Adjustment of the ampl:x.tude of the s:.ne-wave signal is,

o at least in. part achieved by a f1rst rheostat 28.
' Preferably, the first rheostat 28 is adjusted when the
apparatus 20 is manufactured and is thereafter
1naccess:|.b1e to an operator of the apparatus 20.

-25 - The apparatus 20 further includes a periodic-pulse

generator 30_ for produc1ng a constant amplitude"
periodic-pulse signal with a frequency ranging from 40
Hz to 500 Hz. The frequency of the periodic-pulse
signal encompasses the frequency spectrum that is

30 "g"eherally__ used to stimulate the muscles of a patient,
i.e. D.C. to 1,000 Hz. 1If frequencies outside of this
"range are found to prov:.de muscle stimulation to the

;patient, then the frequency of the perlodlc-pulse s1gna1

,produced by the perlodlc-pulse generator 30 can be

_ 35 _’adjusted accord:.ngly. Adjustment of the frequency of

'the periodic-pulse s:l.gnal is provided by a second
rheostat 32. ‘ '

“‘ﬁfiiiﬂ‘li‘iilﬁi“li‘l‘ﬁn




30 the region of the patient. In a further enbodi nent the present

I nvention involves a nmethod for inproving the relative strength of nuscles
associ ated with WOI92/0761ebal | . The method conprises providi nd@/US0/06574
peri odi c- exponential signal to a 35 sel ected group of the nuscles. In

anot her enbodinent, the present invention involves a nmethod for

treating an ulcer by providing a -5- periodi esexponential signal to the
region of the patient containing the ulcer. Another enbodi ment -of the

i nvention invol ves treati ngA}$esinedudetednethei apparatysu2oyisproyatiing medns

peri odi c-exponenti al spgnator Osb!lﬁci:iﬁ&ﬂf- datiiltig hﬁheerﬁ&qjdﬁ'&tpﬁflshhesignal

Instant invention i nvo£)_¥§<§u9é&)d%§'g 'tﬁleasrrpaezl%o irgzs-'p]:.zlfl.gtg.1 §&R ey 'hea

periodic fashion. 1In other words, the gating means 34

] operates to alternatingly allow and inhibit the passage

of the stimulation periodic-pulse signal to the

patient’s body. The preferred gating means 34 includes

a gating signal generator 36 for producing a periodic-

o pulse signal, hereinafter referred to as the gating

10 signal. The period of the gating signal can be -adjusted

~ from approximately five seconds to one minute by a third

rh_eostat 38. A fourth rheostat 40 allows the duty cycle

of the gating signal to be adjusted from about five

percent to about ninety-five percent. Further included

15 in the preferred gating means 34 is a gradual on-off

:i_neans 42 for selectively smoothing the rising and

falling edges of the gating signal thereby producing the

effect of gradually ailowing and inhibiting the passage

of the stimulation signal. The preferred gradual on/off

20 mer—ins 42 includes a resistor 44 and a capacitor 4s6

which, when a first switch 48 is closed, act as a low-

pass filter that smoothes the rising and falling edges

of the gating signal. The preferred gating means 34

\ further includes a multiplier 50 for alternatingly

25 allowing and -irihibiting the passage of the periodic-
' ‘pulse signal output by the periocdic-pulse generator 30 .

according to the gating signal. For example, if the

_gating signal is zero then the multiplier 50 inhibits

_ tﬂhe~passage of the periodic-pulse signal. If, on the

.3'0 other hand, the gating signal is non-zero, then the

'_niiiltiplier." 50 allows the periodic-pulse signal or a

' portion thereof to pass. Additionally, the preferred

'g-at;hg means 34 includes a second switch 52 for allowing

.. . ., an operator to selectively allow or inhibit the gating

35. _s.ignal from reaching the multiplier 50. In other words,

: | ".the second _s#iiféh" 52 gives the: -operator the option of

using or not wusing the gating apparatus 34.

Specifically, wh‘e_n the second switch 52 is open, the
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region in a patient by provi di ng a periodi c-exponential signal to the

region. 10 #ggent invention also provides an appar at us PEROUS90/06574
met hod for non- |nva5|ve y applying an electrical signal to a structure
associated wwth a patient's eye. The apparatus includes a device for
positioning a conducting device for the el ectrjgal signal on an 15

exterior surface of a patient where a substantial portion of the

aﬁpl ied el ectrical hsi gga{;lﬁ@ae]ﬂ@ﬁaDHESOapﬁ])?.ethbr mbum&tlpsseegabeﬁna:c tdhe
the eye. In the pg 0 e ev
NG A %rl%con %gf%ﬁ al é gﬁ{:Q%thiggdntng% 'W%%n Yhe

positioning | ocates
surface of the patigpeondt swatcho 3t |5efn §h%%%damt1'-’a?l garingr iséﬁnﬁé tiie not

bone structure defini ngpﬁ,tlge@atﬂoenthé ewd tiptietr. 300 apar aﬁhé)nmutllugpller 50

conducting device gesugiggwgnggeogsg fé_ﬁ{ioér)gt’ éfrgﬂa?f:%&f ng#ggﬁugéﬁé

position 25 that 'n a su |aI
bei ng applied in the rZ@ecaPpAratns @yefurther 1nc1udes a summ:mg ampllfler 54

for adding the sine-wave s.tgnal produyced by the sine-

wave generator' 26 and the periodic-~pulse signal output

by the multiplier 50 to produce a sum signal. One cycle

10 of the sum signal, less any DC component, includes a

' first portion and a second pbrtion. The first portion

reflects the sum of the sine-wave signal and the pulse

portion of the periodic-pﬁlse signal. @ The second

portion reflects the sum of the sine-wave signal and the

15 portion of the periodic-pulse signal when the pulse is

absent. Since the periodic-pulse signal is zero when

the pulse is absent, the second portion of the sum
sxgnal is, essentially, just the sine~wave signal.

Apparatus 20 further includes an AC coupling

20° 'ca"pacitor. 56 and, a power amplifier 58 and a zener diode

" 60. The AC éoupling' capacitor 56 serves,. at least in

part, to eliminate any DC component in the sum signal

_‘output by the summing amplifier 54. The AC coupling

- capacitor 56 can be either a discrete component or the

25 dapacitance associated with the power amplifier 58 can

7" be used. Similarly, the zener diode 60 can be either a
_"_discrete component or the breakdown characteristics of -

" the powe"f 'a‘mplifier 58 can be employed. Preferably, the

_ AC coiipling capacitor 56 and the 2zener diode 60 are

30 realized by usirig the capacitance and breakdown
""" - "7 characteristics of the power amplifier 58, respectively.
"ConSequently, the AC coupling _capacitor 56 and zener
dlode 60 shown in Fig. 1 are ref:resentations of the
- capacrt:ance and breakdown character:.stlcs of the power
. ’35", 'ampllfler 58. The operat:_l.on of the capacn.to: 56, power
e T ampwlifiler 58 and zener diode 60 is now described during
**" the first and second portions of a single cycle of the
- sum signal output by the summing amplifier 54. The
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Preferably, this irvolves positioning the conducting device at a point

that is substantially within the area defined by the bone structur

forms the front aI“"'@Q¥ ag ect eye socket. An appropriate electri caﬁﬁ%ﬁ%“sn
is then applied to the eye via the conducting device. The preferred

el ectrical signal is shaped such that an electrical charge is inparted to
one.or nore structures associ at ed vmth the eye. M3ignal that has been
found_35 to achieve _hi f or,ement i oned $ ri_odi c exgﬁ)nent al

stgnal . Another signafft Fﬁgt ?%rfb]e?rf eP&d ¥ b WsefuP ﬁ?ﬁfﬁgl NP aRigh  the
el ectrical charge to acapagitert Gfetasdbei aoserianplifiegy S8 nblexgedta drives

fSl nusoi dal or al tFrngt 'tﬂtﬁ ﬁ@ﬁ&?nﬁ%‘ iif‘ﬂe:.aﬁf 19&'393Qtﬁﬁnbut5§§gﬂe?§beﬂ he when the
(or0901 1. several a0\ gl 2=3anl ERELPLBoR Gl LA AT o nor
t he - 5 output any current. The 2ener diode 60, however,
. cooperates with a transformer to maintain a defined

voltage at the output of the power amplifier 58 for the

duration of the first portion of the sum signal.

Further, the zener diode 60 operates to blank out a

10 substantial portion of the sine-wave signal aspect of

the first portion of the sum signal. Consequently, a

- pulse having the defined current is produced at the

' output of the power amplifier 58 even though the power

amplifier is operating in  the cutoff region.  In

15 - addition, while the power amplifier 58 is in cutoff, the

bias voltage supplied by the power supply 22 charges the

capacitor 56. ~The second portion of the sum signal is

‘substantially unaffected by the operation of the zener

’ diode 60. The capacitor 56 and the power amplifier 58

20  do, however, affect the second portion of the sum

signal.'_ Specifically, the capacitor 56 passes the

- second portion of the sum signal on to the power

O " amplifier 58 and discharges the charge accumulated

“ " during the first portion of the sum signal into the

25 power amplifier 58 in an exponential fashion. The
i dischai'ging’ of the capacitor 56 results in the second

- portion of the sum signal being exponentially amplitude

‘modulated. Once the capacitor 56 is completely

‘discharged, exponential amplitude modulation of the

" ’30 ' second portion of the sum signal ceases and a constant
“amplitude stee;iy state is attained. The second portion .

! of ‘the sum signall also drives thé power amplifier into

saturat:.on durlng a portlon of each cycle of the sine-
wave signal that comprlses the second portion of the sum
c 35 signal. Consequently, the power ampl:.fler 58 also clips
o a"portion of each cycle of the sine-wave signal. In
""‘summary, the one cycle of the sum signal produced at the
bu‘i:;.aut of the power amplifier 58 includes a pulse, the
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structure associated with the eye, the present invention subétantially

reduces, if not Vhbgé”@é , the amount of pain, inflanmmation, andpet/Uige0r66%74
associated with i \y applying an electrical signal to the 10

structures associated with the eye. Nbreover t he present invention
applies an electrical signal to a structure §20|ated with the eye
while also substantially avoiding the exposure~fFequired in invasive

appl i cations of electrkggﬁ s%gpgightkggdfgcbii%é?éﬁggg;.wabgf%q%hgﬂ ¢hathgs,

structures associ at ed Nbr e resent inyve
facilitates the treat mERF Bf %H?dl?ﬁﬁqBﬁE %%J%Rﬁ%%?“ﬂﬁ ?P?Et??ﬁ%athe second

associated wth the eyporhabdnrequire nultlple treat nments. Currently,

the present invention ispgl aphiglrgye oAPSob&ef&%w& ih&1udd£a Idtp-up

the follow ng afflictions t at- ‘afrect, the eye and aSSOCIated structures:
presbyopia, nuscl & i nERBRERImEL fox; RCTeRFing i VAlkpree Rhtths sum signal
headache, iritis, anesibbingirattthe potpeti of thei (powerophptifibeyress. 1In

neuritis, optic. the preferred embodiment the step-up transformer is a
1:10 step-up transformer 62. The sum signal at the
output of the step-up transformer 62 is, following

10 further processing discussed hereinafter, distributed to
means for applying it to the patient. 1In the embodiment
~illustrated in Fig. 1, the sum signal output by the
step-up transformer 62 'is, int he preferred embodiment,
distributed to a first pair of pads 64 and a second pair

15 of pads 66 that are applied to the patient’s skin.
Alternatively, the sum signal can be distributed to
applicators, such -as point applicators, that can be
' moved over the patient’s skin during treatment. Other
:means for applying the' sum signal to the patient include

' 20 an internal applicator that is inserted into the body of

c the pat'ient, such as a needle electrode, and a remote
applicator, such as a transmission antenna.

A double-pole, dou.ble-throw sw:.tch 68 allows an
_ _'operator to change the polar:.ty of . the sum signal

25 applied to the first and second pairs of pads 64,66.

' The apparatus 20 further 1nc1udes a shaping means
'that is. used to exponent:.ally shape the sum signal
'output the transformer 62 and applied to the patient by

.. the first pa:.r of pads 64 and/or the second pair of pads

30 66. With reference to a ‘single cycle of the sum signal,
) expcnentlal shap:mg results int he rising and/or falling

' aspects of the first portion of the sum signal including

an exponent1a1 component., Exponential shaping also,

_ 'preferably, results int he‘r151ng and/or falling aspects

_3‘5" " of each cycle of the s:me-wave signal comprising the
‘second port:Lon of the ,sum signal including an
: exponential component. Preferably, the shaping means is
used to impart a double-exponential character to the sum

BT




25 nerve i schem a and visual field defects. Brief Description of the _
Drawings Fig. 1l illustrates a first enbodi nent of the apparatus /o574
the invention; FiWO9#76}7 ustrates several cycles of the sum 30 si gf’qé_b“
that is applied to a patient's body by the apparatus shown in Fig. 1; Fig.

2B illustrates a portion of a single cycle of the sumsignal that is

applied to a patient's body by the apparatus in~87y. 1; 35 Fig. 2C

[ exponpenti al
ortTon of “the sum ot gidenal whera RO RIPHINE B9 SELLREPERIE Lo pe
appar atus shown in Fi gflrStFlRyrté-OQh% the sugnaional uand| ¢aghodycke bf &he
sine-wave signal in the second portion of the sum signal
include an exponential component. = Preferably, the
5 shaping means includes an inductor-resistor network
comprising an inductor 70, a fifth rheostat 72, a sixth
rheostat 74 and a seventh rheostat 76. The inductor 70
can be either a discrete component or incorporated into
_ the transformer 62. The inductor 70, the fifth rheostat
10 72, sixth rheostat 74, seventh rheostat 76 and the
electrical load provided by the patient cooperate to
expon.entially. shape the sum signal existing at the first
pair of pads 64. While not wishing to be bound by
theory, it is believed that the following explanation
15 correctly models the interaction of the shaping means
and the patient in exponentially shaping the sum signal
produced at the first pair of pads 64. The inductor 70,
fifth rheostati 72 and sixth rheostat 74 define, at least
in part, the “L/R* exponential time constant that
20 -determines the 'exponential character of the sum signal
applied to the patient by the first pair of pads 64.
The electrical load provided by the patient also
defines, at least in part, the ”L/R” exponential time
constant that -dete_rmines the exponential character of
25 . . the sum signal applied to the patient by the first pair
‘ of pads 64. Specifically, the inductor 70 defines the
S 7 portioh- of the exponential time constant and the
fifth rheostat, sixth rheostat and resistance provided
by the patient across the first pair of pads 64
30 determines the #“R” portion of the exponential time
' 'constant. " The resistance across the first pair of pads
64 is substant:l.ally infinite when they are not attached
_' to ‘a patlent. : Consequently, "the exponential time
'constant approaches zero and the sum signal output by
35 ' the transformer 62 is substantially unaffected. If,
" however, the _fJ.rst pair of pads 64 are attached to a
pat:.ent, then a non-zero exponential time constant is

established and the sum signal is shaped accordingly.
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human patient; 5 Fig. 4 illustrates a second apparatus useful in the
I nvention; Fig. 5-illustrates another enbodi nent of the apparatus t"fﬁj b/
practicing the i WP Fig. 6A is a frontal viewof the preferre
10 enbodi mrent of an apparatus for use in applying an electrical

signal to structures associated with a patient!s eye: Fig. 6Bis a top view
of the apparatus shown in Fig. 6A; 15 Frg4-6C is a side view of the

el ectrode positioning nmember of the apparatus illuStrated in Fi 6A; Fi
6D is"a detailed view %Pef’l%éﬁé?ae]c]ﬁ'ode'g negP Qtfﬁ i off % &aq‘i %ct?odglngte
posi tioni ng menber il |ossistteonte radiiaqps Gvhe 20irst paifigf pddsi 64 shich, in

frontal illustration cofy;ddis drf! ﬁitﬂnsimd%c@@&rv"e%‘ t B rehecifiRat 72 and

posi tioning nenmber and axiphti_ggéstsatey

5 constant. COnsequently, the exponential character of
the sum signal applied to the patient is defined in part
by the resistance provided by the patient, i.e., the sum
signal accommodates to the patient. The patient is
roughly modeled as a resistance in series with a large

10 capacitor. The #“RC” exponential time constant
associated with the patient is relatively large with:
respect to the aforementioned ”L/R” time constant.
Consequently) the capacitance associated with the
patient is relatively insignificant and can be ignored

geflnes a non-zero exponential time

i5 for purposesoof explaining the interaction between the
patient and the shaping means. Adjustment of the fifth
rheostat 72 and/or the sixth rheostat 74 alters the
exponential time constant and, hence, the exponential
character of the sum signal applied to the patient by
20 the first palr of pads 64. 1In addition, adjustment of
o :the fifth rheostat 72 and/or the sixth rheostat 74
‘affects the amplitude of the sum signal applied to the
.patient by the"first pair of pads 64. The inductor 70,
_ fifth rheostat 72 and seventh rheostat 76 operate in an
25 fldentloal fashlon with respect tot he sum signal applled
| to the patient by the second pair of pads 66. A shaping
means that does not 1nteract with the electrical load

| prov1ded by the patlent is also feasible.

. . Figures 2A and 2B illustrate the sum signal applied
30 to the patlent by either the first pair of pads 64 or
- _;.the second pair of pads 66 with the double-pole, double-

| throw switch 68 1n a first orientation. The sum signal

~includes a substantlally constant amplitude, periodic~

:Jexponentlal portion 78 suitable for muscle stimulation.

| _35:"The sum s1gna1 also includes an exponentlally amplitude

”'f 'modulated, ollpped, periodic-exponential portion 80. As

'i__showﬁ in 'Figs;',ZA-zc, the exponential amplitude

_modulation eventually terminates and a clipped,
e
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Fig. 8 is a cutaway side view that illustrates the positional relationship

of the conducting pads to the 25 bone structure that defines the %iquéﬂ
aspect of a pati eWO%/@687 socket. Detailed Description Wth referef 06574
Fig. 1, a first enbodinent of an apparatus, useful in the practices of the
instant 30 nethod, the el ectrotherapeutic apparatus 20 (hereinafter

referred to as the apparatus 20), is illustratedl5The apparatus 20

generates a periodic-exponentjial signal ,that ,is apglied to a patient .in

order to provide the d&8% RIS exPrEfptial pignal 82,1 IRSuWitso,  Bher Gldpppd,
35 generates a peripziiodicpexpohentiaki grignalt hg2 shawnesimerFdiqly 2C was

stinulation.  The ter fBzQﬁigic’é&t withUERE &6 dlpoled dBabYEEEnYE; LENAUE 68 in

afi mal s, such as hunans, rses . .
. a second orientation. Consequeritly, the clipped,

5 periodic exponential signal 82 in Fig. 2C is the mirror
image or opposite polarity of the corresponding clipped,
periodic-exponential signals shown in Figs. 2A and 2B.

Figure 3 shows a natural signal 84 produced by a

human patient. The natural signal 84 includes a double-

10 exponential portién 86 that corresponds to the constant

amplitude, periodic-exponential signal 78 produced by

the apparatus 20. The natural signal 84 also includes

an exponentially amplitude modulated portion 88 that

corresponds to the exponentially amplitude modulated,

15 clipped, periodic-exponential signal producéd by the

apparatus 20. Consequently, the sum signal produced by

the apparatus 20 corresponds, at least in part, to the

'signal 84 naturally produced by the human patient.

Operatipn of the apparatus 20 includes an

©©20  initialization phase where the power supply switch 24 is
placed in the "off~” poSition to insure that when the '

pads are subSequently applied to the patient an

undesirable signal is not also applied to the patient.

Initialization also involves setting the fifth, sixth

25 and seventh rheostats 72, 74, 76 for maximum attenuation

) to . insure _that' the minimum amplitude sum signal is,
applied to the patient'when the power supply switch 24
'is closed. Further, the second rheostat 32 is set such
that the periodic-pulse generator 30 will produce a

30: pefiodic-pulse éignal'haﬁing a frequency at or about the

' mid-range of pdséible frequencies when the power supply
switch 24 is closed. Also during initialization, the

' third and fourth rheostats 38, 40, are set such that

" when the poﬁe_f""supply switch 24 is closed, a gating

" 35 signal will be produced by the gate signal generator 36
' ~that has a frequency in the mid-range of possible

" frequencies and a duty cycle of about fifty percent.
During initialization, the second switch 52 is opened to

R




cattle, dogs, cats, birds, snakes and the like. The apparatus 20 includes a
power supply 22, preferably a six-volt battery, for providing oper at |

vol tages to the meow2/oder? of the apparatus 20. A power supply swk @4‘1830’%574
allows an operator to selectively turn "on" and "off" the apparatus 20 by,
respectively, connecting and di sconnecting the power supply 22 fromthe

remai nder of the apparatus 20. 10 The apparatus 20 further
includes a' sine-wave generator 26 -for producing a constant anplitude

sine- Wwave signal wi thiastrequthay otheppgakingt esignal ks wppliedkHEo the

si ne- }Nave SIh gnal is w hhnalbmei‘:rgmwmv ﬂwgﬁwbﬁabupﬁlf)’s&r}fﬁdﬂ )24U§%dc§,gsed.
T o Dot Y MayelReElr o Beielh hefien gl Epr TR bR
provi de sensory stinul dnishalbzahiopase ehhatt WBANt ﬁéef Peqaénéypglymsltch 24
si ne-wave signal produgedchpskhe theNgabang se@ﬂwtpfocaﬁ:esaarmyb&h@djga&bedlgnal
accordingly. 20 Adjugtient, ol tie 30! Lhudengh Wiecie CaPBY feSt &R €65 the
multiplier 50. Following initialization of the
aforementioned switches and rheostats, the first pair of
~ pads 64 and/or the second pair of pads 66 are attached
10 to the patient’s body at the points where muscle
stimulation is desired. Preferably, treatment is
effected along the 1longitudinal axis of the muscle.
Preferably a pad is placed at each end of the muscle
along the 1ongitudina1 axis of the muscle with the
15 muscle itself between the pads with one pad preferably
placed closer to the center of the body of the patient.
_ 'If the muscle being treated is a frontal muscle, then
the pad should be placed on the frontal part of the
‘body. If a dorsal or posterior muscle is involved, then
20 the pads should be placed on '_the dorsal part of the
body. If it is not possible to treat the muscle along
_ its longitudirial axis, then transverse treatment of the
" muscle ‘can be effective. In this case, the pads are
o ﬁiaced perpendicular to the 1longitudinal axis of the
- 25 . muscle being treated. Once the pads are attached to the
' patient, the power supply switch 24 is closed and the .
. appafatus 20 generates the sun ~signal comprising the
substéntially constant amplitude, periodic-exponential
Sighal 78 and the éxponentiaily amplitude modulated,
'3,0.. ; cl:.pped, perlodlc—exponent;\.al signal 80. The sum signal
| "'_:Ls appl:.ed to the pat:.ent via the pads. Due to the
aforementioned adjustment of the fifth, sixth and
seventh rheostats 72, 74, 76 the sum signal applied to
“the patient is of ninimum ampl:.tude. At this point the
35 'e_xponentlal character and amplitude of the sum signal
- ._being applied' to the patient can be adjusted using the
' fifth rheostat 72 and the sixth or seventh rheostats 74,
76. In addition, the fregquency of the periodic-pulse
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at least in part; achieved by a first rheostat 28. Preferably, the first
rheostat 28 is adjusted when the apparatus 20 is manufactured and is

t hereafter inaccsadpbomiro an operator of the apparatus 20. 25  PCI/USH£06574
apparatus 20 further includes a periodic-pul se generator 30 for producing a
constant anplitude periodic-pulse signal with a frequency ranging from 40

Hz to 500 Hz. The frequency of the periodic-pakse signal enconpasses the
frequency spectrumthat is 30 generally used to stinulate the nuscl es of
a«patient, i.e. D.C tpotti00 ¢£. thie fswyuedghal marsi ble aﬁjubi:edraﬂgagartﬁxe

found to provide WSC'@eé&ﬁ&mfﬁééﬁhﬁ ozphe pRdj Eitmerdtheds t BRef fﬁ%&ﬁ% Ofang
t he periodic-pul se sig éh prquced b%?the erlodtc ulse ener at or
be 35 adjusted accor aﬁb FrePR 19 t HeSH %qﬁ%%g?eo?c??ﬁpllshed by
peri odi c- pul se si gnal menqmld\ntd-ad hea tbdrdndndhfourth BReostats 38, 40. If
5 the gating signal is not desired, then the second switch
' 52 can be closed. '
Figure 4 illustrates a second embodiment of the
invention, i.e., the electrotherapeutic apparatus 90
(hereinafter referred to as the apparatus 90).
10 Apparatus'so,_in contrast to apparatus 20, does no sum a
a sine-wave signal and a periodic-pulse signal. Rather,
' apparatus .90 applies the a periodic-exponential signal
suitable for sensory stimulation and a periodic-
exponential pulse signal suitable for muscle stimulation
15 _'to the body of the patient over separate paths. The
o 'apparatus 90 allows an operator to control whether the
- periodic-exponential signal suitable for sensory
stimulation, periedic-exponential pulse signal suitable
for muscle stimulation or both signals are applied to
o 20 ° the patient. The apparatus 90 also allows the operator
to selectively blank, exponentially amplitude modulate,
and clip the periodic-exponential signal wused for
sensory stimulation. -
' " The apparatus 90 includes a power supply 92 and
- 25 ~ power supply switch 94 which operafe in a substantially
' - similar fashion to the power supply 22 and the power
‘supply switch 24 of apparatus 20.
The apparatus 90 further includes a periodic-
o exponentlal 51gna1 generator 95 for producing a constant
307 'amplitude perlodlc-exponentlal signal having a frequency
P approprlate for stimulation of the sensory nerves of a
'*.pat;ent. The preferred period1c-exponent1a1 signal
”generator 95_1nc;udes a periodic signal generator 96 for
o oﬁ#putting a _conStant amplitude.'periodic signal.
'35 Pfeferably, the 'bower associated with the periodic
S signal output by the periodic signal generator 96 is
.sufficient to penetrate the patient’s body. Amplitude
"adjustment_of the_periodic signal output by the periodic
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Al'so included in the apparatus 20 is a gating nmeans 34 for selectively

gating the periodic-pul se signal produced by the periodic-pul se FEEURDEY06574
30 in a periodi cW@e®®17 In other words, the gating nmeans 34 5 o%%?at es

to alternatingly allow and inhibit the passage of the stinulation
periodi c-pul se signal to the patient's body. The preferred gating neans 34
I ncl udes a gating signal generator 36 for prod'ul:ﬁ'ng a periodic- pulse

signal, hereinafter referred to as the gatin nal peri o f
the gating signal can $t9nak HINSFFCE 8p FogF %?‘é/g%'\?e @é’@%n&g’efﬁgaﬁegs'
mnute by a third rheoptrefedthly) fthertﬂlnsheameasta’c 4Bl dws adhustied ywhen| the

of the gating signal }:%??ﬁ QGhHStgg fram ghokiraldetarLer Gaid 1 0s abepéreafter
ninety-five percent. er irnclu

is a gradual on-off neh%%cqﬁsﬁ’tﬁleselegc&?‘ﬁel I?n§$'r€€} .r%f‘h@d tl n% anstgé
falling edges of tbe gpérigdid gsdgnéhergemerptotdudéngcehe ta‘weecvlnlf-ually any
gradual l'y al | ow ng a”dsiﬁ% i {20 thidepP@feAa periodic-exponential generator
95 includes a wave-shaper 100 that is designed to modify
the shape of whatever signal is being output by the
periodic signal generator 96 to produce a constant
10 amplitude periodic-exponential signal. For example, if
the periodic signal generator 96 is outputting a
cbnstant amplitude square-wave signal, then the wave-
shaper is designed to modify the square-wave shape to a
periodic-exponential shape. Exponential shaping of the
i5 perJ.odJ.c signal output by the perlod:.c signal generator
' results int he rising and/or fallmg aspects of the
‘periodic signal having an exponential component.
'Pre’ferably , the wave-shaper 100 imparts a double-
eiponential character to the periodic signal where both
20 thé -rising and falling . éspects have an exponential
component. '
'~ The apparatus 90 further includes a periodic-pulse
'signal generator 102 for generating ‘a periodic-pulse
signal having a fregquency suitable for muscle or motor
25 stimulatibn of a patient. The frequency of the
stimulation pulse signal output by the stimulation
periodic pulse signal generator 102 is adjusted by
manlpulatlng a second rheostat 104.
' '~ The apparatus 90 further includes a gating means
30"j | 106 that ‘alternatingly allows and inhibits the passage
" of the periodié-pulse signal. = The preferred gating
means 106 - J.ncludes a gat:mg s:.gnal generator 108 for
"-"produc:.ng a gatlng signal. The period and duty cycle of
' the ‘'gating signal produced by the gating signal
35 'generator 108 can be adjusted by, respectively, a third
' rheostat 110 and a fourth rheostat 112. A gradual
) on/off means 114, preferably comprising a resistor 116,
a capacitor 118 and a first switch 120, p_rov:.des an
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of the stinulation signal. The preferred gradual on/off 20 neans 42 _

I ncl udes a resistor 44 and a capacitor 46 which, when a first switch 65359'0?06574
closed, act as a WOW2/QI8t% filter that snoothes the rising and fal PR

edges of the gating signal. The preferred gating neans 34 further

includes a nultiplier 50 for alternatingly 25 all owi ng and i nhibiting the
passage of the periodic- pulse signal output by-the periodic-pul se .
generator 30 according to the gating signal. For exanple, if the gating
stgnal is zero then t hORAFRLEE| iEytI50th@hioptasnt IRE peRceifeing the rising and
periodic-pul se signal. fallfiingnetiges36f tivé hpatdasiignadlneugat tAgt St Periodic-

on-zero, then the mul tjRl.er.s | 1s I QdL.¢=RUI! signal_or a
B‘ortion’ t hereof to 'pasyu[iseA(ﬁ“%&a%né I ,rtatﬁﬁgag&e?ghgégagife’?nsﬁ?%aﬁ%m%yf? ff°m
i ncl udes a second swi t &ResPatdenkt | oby %‘%ﬁ Wt RIgen d23ebates vehy patindic-
or inhibit the gatisng Pulsesi giighalr oproduedd Ndpy haehdll pepib8icSPulsd N signal
ot her wor ds, the secondeirhthyo% 03l EBotAIngPELALAL LEsRY &Y. U Wi

not using the gating appara . ) i )
switch 124 provides an operator with the option of using

or not using the gating apparatus 106.

_ The apparatus 90 further includes a third switch
10 126 that gives an operator with the option of providing
or not providing the background periodic-exponential
signal output by the waive-shaper 100 toc a means for
applying the signal to .the patient. Specifically, if
the third switch 126 is open then the periodic~
15 exponential signal is not applied to the patient. When
~ the third switch 126 is closed, the periodic-exponential
signal is applied to the patient using one or more pads
attached to the patient’s skin. Preferably, a first pad
128 and a second paid 130 are employed to apply the
20 periodic-exponential signal to the patient..
Alterriatively, the periodic-exponential can be applied
to the patient’s skin using a point applicator that can
be moved over the pétient's skin during treatment.
‘Other means for applying the periodic-exponential signal
- ' 25 to the patient include an internal applicator, such as a
: ' needle electrode inserted into the body of the patient,

and a remote applicator, like a transmission antenna.
| The apparatus 90 further includes a fourth switch
132 for providing an operator with ' the option of
30 iapplying'_' or not applying the periodic-pulse signal to
.~ the patient. Specifically, when the fourth switch 132
is open, the stimulation periodic-pulse signal is not
" applied to the patient. However, when the fourth switch
N : ':_f 132 is closed, the periodic-pulse signal output by the
" 35 first multiplier 122 is applied to a power amplifier 134
" which amplifies the periodic-pulse signal. The
| ainplified -periodic-pulse signal is then applied to a
" regulator, which in the preferred embodiment is a zener

I




Specifically, when the second switch 52 is open, the -10- gating signal

is applied to the nultiplier 50 and the periodic-pul se signal is

accordi ngly. V\heanrfE/%%é'bnd switch 52 is closed, the gating signal 8590’?6574
applied to the multiplier 50 and the nmultiplier 50 5 all ows the _
periodic-pul se signal to pass unattenuated. The apparatus 20 further

I ncl udes a summ ng anpllfler 54 for addi ng the 3#%e-wave signal produced by

t he sine- wave generat the rlodlc ulse Si | output by the
nul tiplier 50 to produ ﬂggtgna S OfEI8Fc| 3195 qg% s§ﬁ1§¥gﬁéﬁ?rete
| ess any DC conponent, ccmnqmﬁatayﬁlhnﬁ kxﬁahdmwnam@aaaséennstpwrofohheThewer

first portion reflects 43 15f‘i'E‘r0f13t4hQ:a$i rwewe«ﬁ@mal &k t PRodel S b){gthe

portion of the perlodlc- ul | . econd ortjon refl ect
sum-of the sine- mave Sliﬁd% %ﬁ 392 ‘the perlé%lc pu18e'signal Is Sppii

a step—-up transformer for increasing the voltage of the

periodic-pulse 51gnal. - In the preferred embodiment of
apparatus 90, a 1:10 step-up transformer 138 is used.

The periodic-pulse signal output by the transformer

138 is, following processing described more thoroughly

10 hereinafter, distributed to means for applying it to the

patient. 1In the embodiment illustrated in Fig. 4, the

periodic-pulse signal is applied to a patient using one

or more pads attached to the patient’s skin.

| Preferably, a third pad 140'and a fourth pad 142 are

15 used to apply the periodic-puise signal to the patient.

K Alternatively, the periodic-pulse signal can be applied

) to'the'patient's-skin using a point appiicator that can

“"be moved over the patient’s skin during treatment.

' Other means for applying the periodic-pulse signal to

20 ”"the"ﬁatient include a device inserted into the interior

' of the patient’s body, like a needle electrode, and a

remote applicator, like a transmission antenna.

: .~ ' The apparatus 90 further includes a shaping means

. that is used to exponentially shape the perlodlc-pulse

'ésf-e51gna1 output by the transformer 138 and applied to the

- ’-petlent by the third and fourth pads 140, 142.

” Exponential shaping of the periodic-pulse signal results

in the rising and/or falling aspects of the pulse in the

: i perlodlc-pulse ‘signal include an exponential component.

3b i.Preferab1y, -the shaping means imparts a double-

' *iexponentlal character to the periodic-pulse signal where

- fﬁoth the rising and falling of the pulse in each cycle

" "6f the periodic-pulse signal include an exponential

__' ﬂfcomponent. Preferably, the shaping means includes an

735 ' inductor-resistor network comprising an inductor 144, a

" " “pifth rheostat 146, a sixth rheostat 148, and a seventh

- rﬁeostat 150. The inductor 144 can be either a discrete

eemponent or incorporated into the transformer 138. The

BN



15 portion of the periodic-pul se signal when the pulse is absent. Since

t he periodic-pul se signal is zero when the pul se is absent, the second
portion of the swo92/@mel7 i s, essentially, just the sine-wave si gPgI/US90/06574
Apparatus 20 further includes an AC coupling 20 capacitor 56 and, a power
anplifier 58 and a zener diode 60. The AC coupling capacitor 56 serves, at

| east in part, to elimnate any DC conponent i Rr2ahe sum signal output by

the sunm ng anplifier 54. The AC coupling capacitor 56 can beé either a
di.scret e conponent or fhdul$or-gcasdsittancmetwork at epevatési heapovpreviously

anplifier 58 can be usgflscwiddd Hrih Eagpééﬂetodh@@%rggugaaobeﬁgtﬁ3§ é% the

di t onent or the, byeakdown charagterj sti ower
SESggﬁ gecgggloyed Pr%?Eﬂ%éﬂ?FPQ%ﬁ? RE908apPRHgH gﬁéJWFbFrg sgﬂﬁmﬁﬁe1§§nﬁ30h

di ode 60 are 30 real thatl the periadict+prelseapignadlancapplded ti cihelopatient

characteristics of st heppowge apiidd | §ha SEour®RPSSdds/eLYo, Ceﬂﬁeqwlaoné%t

ener .di.Qde 60 sho
fgpfgggLigglgﬁgag;t?Leampfﬂtu&e perlodgc-exponentgel 51gﬂ% 1s.

A double-pole, double throw switch 152 allows an
operator to change the polarity of the constant
amplitude periodic-exponential signals applied to the

10 patient by the third and further pads 140, 142.

The apparatus 90 also includes a blanking, clipping
and exponentially amplitude modulating circuit 154 for
blanking the periodic-exponential signal output by the
wave shaper 100 when a pulse associated with the

15 periodic-eprnentiel signal output by the multiplier 122

is present and clipping, together with exponentially

t amplitude medulating, the periodic-exponential signal

otherwise. The blanking, clipping and exponentially

amplitude modulating circuit 154 is comprised of a fifth

20 switch 156, a. blanking, clipping and exponential

C ampiitude modulating signal  generator 158 and a second

multiplier 160. The blanking, clipping and exponential

amplitude modulating circuit 154 operates such that when

the fifth switch 156 is closed, the blanking, clipping

25 'and;exponentially amplitude modulating signal generator
158 produceS' a signal that, upon application to the .

second multiplier 160, results in the periodic-

‘exponential signal'being blanked during the presence of

a pulse associated with the periodic-exponential pulse

30 signal and clipped, together w1th exponentially

a amplltude modulated, otherwise.

With reference to Flgs. 2A-2c, the various signals

" 'that can be applled to the patient by manipulation of

_ ‘the thlrd switch 126 and the fourth switch 132 are
- %" 35 . illustrated. When the third switch 126 is closed and
R ©  the fourth switch 132 is open, a constant amplitude,
'periodic-exponehtial signal 82 having a frequency

suitable for sensory stimulation is applied to the

This Sheet Has Been Re;ilaced
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capaci tance and breakdown characteristics of the power 35 anplifier 58.

The operation of H# /gﬁgfam tor 56, power anplifier 58 and zener dpOr/eIS66Y06574
now descri bed dd¥ g"[ first and second portions of a single cycle of the

sum signal output by the sunming anplifier 54. The first portion of
the sum signal passes through the capacitor 56 212 the power anplifier 58
where it drives the povver amplifier 58 into théTutoff region. Wen the

power -anpl i fier 58 isy %e Cutﬁién“l%ﬂéon&hll adags g Hre gendbha the
current. The . zener however, cooper at eaevmth a transSforner

mai ntai n a defined voIfPﬁﬁﬁhatSYh'%prbut];iﬁ df t fE°F6 %n’pﬁ‘?‘ﬁt@l"t's8a?8}1?‘%e
duration of the firstppeicdic-dxpdweerstinlsi gsiagnalFurighehaviing zanefrdguercy

00 operates to blank gibegnid pUDSLANAY e snh%gt%nt hfss'ar&w.%&e £b9ndle

aspect of the fi rst portion of sum si nsequent
patient. When both e thJ.rd swi ch 126 and the fourth

switch 132 are closed, both of the constant amplitude

periodic-exponential signal 78 and the periodic-

exponential signal 82 are applied to the patient.

Further, if both the third switch 126 and the fourth

10 switch 132 are closed, then the fifth switch can be

closed to blank, clip and exponentially amplitude

” modulate the periodic-exponential signal 82. Once the

appropriate signal or signals have been selected then

the operator can manipulate the rheostats to further

15 modify the signal or signals being applied to the
7 patient.

Operation of the apparatus 90 includes an

initialization phase where the power supply switch 94 is

_ placed in the noffr position to insure that when the

20 pads are subsequently applied to the patient an

undes:.rable signal is not also appl:l.ed to the patient.

Initialization also involved setting the fifth, sixth

and seventh rheostats 146, 148, 150 for maximum

_ attenuation to insure that N the minimum amplitude

25 periodic-exponential signal, if selected, is applied to

the patient upon the closing of the power supply switch

- 94. Further, the second rheostat 104 is set such that

' ) the periodic-pulse generator 102 produces a periodic-

_ p_tﬁse signal having a frequency at or about the mid-

30 """"’“1‘:'_'a,11<';e of possible frequencies.  Also during

" " initialization the third and fourth rheostats 110, 112,

are set such thét" 'upon the closing of the power supply

.swi-..tch_ 94 a gating 's=ig4na1 is produced by the gate signal

L “ generator 108 that has a frequency in the mid-range of
557 poésib’le frequencies an a duty cycle of fifty percent.
' During initialization, the second switch 124 is closed

" to insure that the gating signal is applied to the
'.m'ultiplier 122 vwhen the pbwer supply switch 94 is

. is Sheet Has |1|3een|||eﬂlaced



pul se. having the defined current is produced at-the output of the pbmer

anplifier 58 even though the power anplifier 1is operating in't f
regi on. | n 15WQnIPT61dn, while the power anplifier 58 is in cupg'f‘&g()@ﬁ{ésu

bi as vol tage supplied by the power supply 22 charges the capacitor 56. The
second portion of the sumsignal is substantially unaffected by the
operation of the zener diode 60. The capacitor-%&and the power anplifier
58 20 _ do, however, affect the__second_portion of the sum signal.

Specifically, the cap’é’ﬁ%ﬁ?r 5cARALEIaNalY ;s S df bEFE | BHLEF { hROsdm Sipred
on to the power anpli fdwririaB anﬂtih]scdaan@as sbe tihetr gehancuiie apedetlursurply

ronent ol aoiron, ‘SN 8025 P “acsp ESaRED, bEbRcEE, b, Hhe
second portion of the akf ﬁlgﬁép- 5@?@%&9@0&%?@9%%@’@%@#%&&9]&1@&1%
Once t_he capaci t®r t&ﬁthémumempliaézelao.dlWg&d;ngxﬁaﬂtiﬁ1ﬁaﬁﬁﬁ idfdhe
ggﬁg't ZHO“ of the 30 ¢iRGPALiRBH!1DE, Yo th T TL2hIF3L SRESEEeA Lwfitch 156
are opened or closed depending upon what type of signal

is desired. Following initialization of the
aforementioned switches and rheostats, one or more of

10 the pads are attached to the patient’s body at the

' points where muscle stimulation is desired. Preferably,

' treatment is effected along the longitudinal axis of the
muscle. Preferably a pad is placed at each end of the
muscle along the longltudlnal axis of the muscle with

15 the muscle itself between the pads with one pad
preferably placed ‘closer to the center of the body of

the patient. If the muscle being treated is a frontal
muécle, then the pad should be placed on the frontal

_ part of the body. If a dorsal or posterior muscle is
20 -involved, then the pads should be place don the dorsal
part of the body. IF. it is not possible to treat the
muscle along its lcngitudinal axis, then transverse

' treatment of the muscle can be effective. In this case,
: the ‘pads are placed perpendicular to the longltudlnal'

25 axis of the muscle ‘being treated. Once the pads are
attached to the patient, the power supply switch 94 is

- closed and the desired signal is generated by the
apparatus 90 and applied to the patient via the pads.

" pDue to the aforement:.oned ~adjustment of <the fifth,
""'30' :'f:."s:thh, and seventh rheostats 146, 148, 150 the periodic-
pulse signal, if applied to the patient, is of a minimun
‘.'_amplitude. If the per:.odlc-exponential pulse signal is

~ applied to the’ patient, its amplitude can be adjusted
.'us:mg the fifth, sixth and seventh rheostats '14.6, 148,
' 35 "._'150. ~ In 'addition,' the frequency of the periodic-
. exponential pulse can be adjusted usuxg the second
-'i"_rheostat 104. PFurther, if the gating signal is being
.'used , its frequency and duty cycle can be adjusted by

-
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anplitude steady state is attained. The second portion of the sum si ghal

al so drives the power anplifier into saturation during a portion §¢T 806574
cycl e of the sin®O%d0B1Ej gnal that conprises the second portion o /t%%g sum

35 signal. Consequently, the power anplifier 58 also clips a portion of
each cycle of the sine-wave signal. In summary, the one cycle of the sum
signal produced at the output of the power anpté4ter 58 includes a pul se,

t he first portion, and, a cli,pped sine- e signal that is, for a tine
exponéntial |y anpl i tud%awa;}e%a e s‘g‘b’g% ﬁ’&‘#t ESHFtH'h’éhﬁ‘b?)fa?%ﬁ uil%o 2t2o
preferably includes a ®fephap gatingr mighedneis frot | desbead ngthére tbét sgeond
the sum signal existingyfécH & 40ehRUbe Obpdieg pover anplifier 58. In the

preferred embodirent  the Stog;n, LEAISLAEL b3g7 5 LOatlied P ekt 80EHOH b e

5 apparatus for generating a periodic-exponential signal
230, hereinafter referred to as apparatus 230, is
illustrated. The apparatus 230 includes a battery 232
for selectively providing power to the remainder of
apparatus 230. The apparatus 230 also includes a

10 ' background signal generator 234 for producing a
substantially constant peak amplitude sine-wave signal
having a frequency of approximately 10-kHz. Also
included in the apparatus 230 is a main pulse generator
236 for producihg a substantially constant peak

15 amplitude periodic-pulse signal having a frequency

 ranging from approximately 40 Hz to 500 Hz. The
frequency, amplitude, and duty cYclé of the periodic-

pulse proddced,by the main pulse generator 236 can be
édiﬁsted'usihg'rheostats (not shown). The apparatus

20f' fufther includes a gradual envelope'generator 238 that

- is appiied to an envelope modulator 240 to “smooth” the
'pefibdic—pulse signal produced by the main pulse
generator 236, which is also applied to the envelope
 modulator 249, by exponentially modulating the periodic-

325 ' pulse signal. = The gradual enVelopé generator 238

‘ " functions in much the same manner as the gradual on-off
'f-ﬁeahs shown in Fig. 1. A summer 242 is employed to sum

the sine-wave signal produced by the the background

méignél geherator 234 with the “smoothed” périodic-pulse

- 30;”_si§na1 output by the envélqpe modulator 240. = The output
' of the summgr-u242 is applied to a waveshaping,
: invéfsion, balance,u and power control circuit 244,
"_hereinafter:réferred to as circuit 244. The circuit 244

o ”:‘pfévfaes_ﬁhg ﬁaveshaping, which ﬁay include inversion,
R 3'5:j"""'1'1"ef'c'essary_'tc'> achieve a signal substantially like that

" shown in Figs. 2A-C and Fig. 3. The circuit 244 also
inblﬁdes rheostéts'(not shown) for adjusting the balance
fand-the pcwe: of the signal output by the circuit 244.

' This Sheet Has Been Replaced
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out put of the step-up transformer 62 1is, followng 10 further processing
di scussed hereinafter, distributed to neans for applying it to the patient.
In the enbodi mentWOIRMFEIAted in Fig. 1, the sum signal output by PrE/US/06574
step-up transforner 62 is, int he preferred enbodinent, distributed to a
first pair of pads 64 and a second pair 15 of pads 66 that are applied to
the patient's skin. Aternatively, the sum signaksean be distributed to
applicators, such as point applicators, that can be noved over the

patient's skin during {Theatvhenstagishcasseciatddrvithl ghag dircustmadiqgradhiteye
L hg pa]E i eﬂt i ncl ude 20 subgftanBiglng! tﬁalo}shﬁat gt‘ffbbaé abSthaSei eyl %ﬁ&é&%ﬁ 72,
ody of the patient, s S e, el ectrode renmot e_appl 1 cator,_,
such as a transni ssi ongg'ntgnﬁg.egg_ggéu%fé-% &SR é"-%teﬁfgﬁ/%sﬁ?t %’P‘ﬁ; in Fig.
al |l ows an operator to éhang®heheigsudti 1344f oubiputsintwpgedl 26 appéprEichtedy

the first and secomd pahapedl sizthale] Ghe Thérarpahaldss 20phift B dadel WARS,
a shaping nmeans that '%4%§?d tﬁbé@%égf”%éfﬁ}d’Eﬂgpgiéﬂglgug}glgg%&ied to the
' pads 246a, 246b, the signals are amplified by power
amplifiers 248a, 248b, and applied to impedance matching

circuits 250a, 250b. The power amplifiers 248a, 248b,

10 increase the power of the signals output by the circuit

244. The impedance matching circuits 250a, 250b, reduce

any impedance mismatch between the circuitry preceding

the impedance. matching circuits 250a, 250b, and the

impedance of the patient as it exists across the pads

15 246a, 246b. By reducing any impedance mismatch, more of

the signals produced by the circuit 244 are applied to

-the patient. Preferably, the impedance matching
circuits 250a, 250b, include appropriately would
transformers.

20 The operation of the apparatus 230 is substantially
- similar to that described with respect to the
embodiments illustrated in Figs. 1 and 4. Specifically,
the battery 232 is placed in the ”“off” condition so that
_ no power is being applied to the remainder of the
25 apparatus 230 and the rheostats associated with the main
pulse generator 236 and circuit 244 are adjusted so that .
 the minimum signal will be produced at the pads 246a,
246b, when the apparatus 230 is turned on. One or both
pairs of the pads 246a, 246b, are then applied at the
3b_ appropriatePIOCations on the patient and the battery 232
is switched “on” to apply power to the remainder of the
e 'F_ aﬁpératus 230. The rheostats associated with the main
' * . pulse generator 236 and circuit 244 are then adjusted to
produce the appropriate signal for treating the
35 patient’s affliction. ' '
"°:' ' application of the above-described periodic-
'-_ exponential signal is particulary useful in the
treatment of a number of afflictions of vertebrate
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output the transfornmer 62 and applied to the patient by the first pair of
pads 64 and/or the second pair of pads 30 66. Wth reference to a sin

cycl e of the sum WQ@ER0761Exponenti al shaping results int he risi nd@iHP 06574
falling aspects of the first portion of the sum signal including an

exponenti al conponent. Exponenti al shaping al so, preferably, results int

he rising and/or falling aspects 35 of each cyxd-e of the sine-wave signal
conprising the second portion of the sumsignal including an exponenti al
conporient . Preferably, aH@adigapi pnesandyi §nysondustingathe gtreatment, it is
doubl e- exponenti al charpfiferrea e apply thel3igaagnak wheobeebokBttbRy which

rising and falling edgeg, gln " Enb! RO1n® Ud | QA ek ERHISL AN T ARECEREE bu

cycl e of the sine-wave Si SUMm Si
include an exponenti &el %rﬁ’@néﬁ@tresmm’r‘éfe?% Theh@pplication of such a
5 signal is wuseful in treat:.ng or relieving certain

symptoms associated with injured tissue in a patient.
The present process is also useful in treating certain
problems of a patient by stimulating muscles. The
instant method is advantageous in muscle stimulation -
10 compared to other electrotherapeutic treatments in that
fewer treatments are required with this process.
The afflictions and symptoms which can be treated
are believed to be associated in some way with tissue

~ damage including without limitation: inflammation;

15 contusion; edema; hematoma; ulcers; block plasma kinins

' in particular'bfadykinins and affecting viral diseases

and insect and snake bites; arthritis symptoms; strains;

and sprains.  The “instant method can advantageously
decrease pain associated with a traumatic injury.

20 : The present method can be particulary useful in.
reduciné inflammation. The process can be used to treat
gingivitis; treat tendinitis including, but not limited

-to the achilles, elbow and hand; treat contusions
including but not limited to the ankle, arm, . breast,

25 buttock; collarbone, elbow (to include the ulnar nerve),

' %face, foot, hand, kidney, knee, leg, thigh, and wrist;

" treat synovitis including but not limited to the ankle,

" 'knee and hip; treat. tenosynovitis including but not

"limited to the ankle,.knee, hip, arm, shoulder, foot,

30 'hand and wrist, and treat shin splits. The treatment
' can be used to reduce or eliminate trauma induced edema.

o Thé'présgnt meth@d can also reduce or eliminate hematoma

‘including that of the foot, leg, thigh, arm, and hand.

;ZThe treatment can “also induce regeneratlon " of soft

- 38 'tissue, bone and nerves. o

_ '~ The instant process can be used to: treat certain

"'huicers, especially gastrointestihal ulcers including

' particularly peptic and gastric; intervene in wviral
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5 shaping neans includes an inductor-resistor network conprising an
I nductor 70, a fifth rheostat 72, a sixth rheostat 74 and a seventh

rheostat 76. The WQA@6H 70 can be either a discrete conponent orPCI/US90/06574

i ncorporated into the transformer 62. The inductor 70, the fifth rheostat

10 72, sixth rheostat 74, seventh rheostat 76 and the electrlcal_load
provi ded by the patient cooperate to exponentiafzw-shaﬁe t he sgn1zlgnglb
existing at the first pgir of pads 64 Wi | e not Wi shing to be boun y
theory, it is believed %4F52SERe3PY ASGFRESExPF abBRiBit 1the inmmesse pfnwdals,

the interaction of thepsissibly nbpnsimerkdsimgpatthent elfﬂlea@pneama-_lﬂey immune

shapi ng the sum si gnal educedt dhuidee fH nob The duc
70, fifth rheostat 72ad§r s?ﬁxtﬁﬁﬂgotat{f}tg? i ne, n?a? R"fo'i‘Ee
"LIR" exponential tif®Ldonst &kl ffiexend iafetemni r%%dt héﬂeﬂpomuéltlng
character of the su&m sixrgddlffapphtiatien the yrliockihgbyephesdéd Jerai.,r oOf

pads 6% The el ectiical 10andr RHedgdcL ) RRBdA bd! 0ed/*Eb P B108k £i82ha
'n part, the ex?cqrﬂ?.rr]xs, J.n part:.cular bradykinins, from receptor sites;

neutralize inset and arachnid bits; neutralize poisonous
snake bites, both protoplasmic and neurological; and

10 anesthetize locally and globally. The instant process
can be useful in the alleviation of drug dependency.

The treatment using the instant signal can also be
used to maintain and increase the range of motion of
body limbs. It can be useful in the treatment of

is strains, including, but not limited to, ankle, achilles

‘tendon, abdominal wall, arm, back (grades 1 and 2,

lumbodorsal region), back (grades 1 and 2, sacroiliac

region), back (grades 1 and 2, lumbar region), chest

muscle," collar 'bone, elbow,. foot, groin, hand, hip,

20 .knee, leg, thigh, wrist, and fingers. Sprains can also

) be treated, including but not limited to, ankle, arm,

oo ' back (grades 1 and 2, lumbodorsal region), back (grades

7 1 and 2, sacroiliac region), back (grades 1 and 2,

lumbar regioh) + breast bone (sternum), chest muscle,

‘25" eibow, thumb and fingers. Relief of bursitis can also

' - be provided, including, but not l:Lm:Lted to that of the

"_elbow, foot, hip and knee. Treatment of elbow

' eplcondylltis (tenn:Ls elbow) can also be provided.

. 'Symptoms associated with arthr:.t:.s can also be treated,

) 3_0 :mglud:.ng Reiter’s syndrome. 'I‘endonlt_ls,_ including that
" "of the’ achilles, elbow and hand can also be treated.

e The application of the above-described signal is

o “assoc:.ated with muscle spasms or weakness can be treated

‘35 " with the instant process.

N The appl:.cat:l.on of such a s:Lgnal is wuseful in

'.":promotlng the relaxation of muscle spasms, for example,

the relaxation of mnuscle cramps, the treatment of

TR
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constant that determ nes the exponential character of 25 the sum signal
applied to the pa&, &07g¥7the first pair of pads 64. Specifically, p¢ttyeso0/06574
i nductor 70 defines portion of the exponential tine constant and

the fifth rheostat, sixth rheostat and resistance provided by the patient
across the first pair of pads 64 30 deternLpes the "R' portion of

t he exponential tinme constant. The resistance across the first pair of pads

64 is substantially 'nfniéhéﬁ-ddiencfé@/s apadnOthet t@ebeﬂeﬁ@ o¥ tpﬁédu%llt _The
consequently, the ex one tial tine agnst ant ches zero a

signal output by 35 S oF R 209 % u BBPR (Tl PR LReR | BeEDHS, | Tebax

however, the first pai erOOnpadsaM Mmesglieghed nel bepat i @uerchee a induced
hon-zero exponenti al t'B‘ﬂ%rFéMfsb&Qin | 2Rt A0l 1 e bPdrbr iR Sl Sy N@ndestion.

shaped accordi ngl y Rejllef of headaches can be achieved including migraine,
tension and muscular. Relief of vascular spasms can
also be achieved. The treatment can also be used to
relax intestinal muscle spasm including providing relief
of diarrhea.

10-_ Prevention and retardation of disuse atrophy can
also be accomplished, for example treatment of damage of
the thigh hamstring. 'similaz"ly, the treatment can be
used to correct muscle weakness, increase muscle
strength and improve muscle tone.

15 The present process is also useful for muscle re-
education, for ' example correction of muscle weakness,
increasing muscle tone and increasing muscle stretch.
Application of the periodic-exponential signal can be
useful in correcting certain vision system defects by

20 balancing the various mnuscles associated with the

' eyeball. The method can be used to treat scoliosis;
reduce fatty tlssue, ‘and reduce pain, specifically but
not 1limited to 1lower back pain. Cosmetic body
alteration can_be accomplished including but not limited

25 to face 1ift, breast toning, buttock toning and 1lifting

" (tucking). The process can also be used to treat

. hernias (hiatal). ' |

' Applicetion of the above-described signal can also
S iSe used to reduce stress. The instant process can also
30 "be used to prov:.de immediate post-surgical stimulation

' of calf muscle to prevent venous thrombosis."
_ Local blood circulation can also be increased
';through use of .the instant treatment. The increase in
N ""blood clrculatlon can be beneficial in the treatment of
35 (a) treatment of bone fractures to facilitate mending,
(b) treatment of dislocations in any joints, (c)
"accelerated heallng of damaged tissue, and (d)

" accelerated healing of spinal injuriee.

-




Specifically, the patient establishes a finite resistance across the first
pair of pads 64 which, in conbination with inductor 70, fifth rheog éﬁﬂp

and si xth rheost aWO™2/07§¢% i nes a non-zero exponential time 5 cons SH/06574
Consequently, the exponential character of the sumsignal applied to the

patient is defined in part by the resistance provided by the patient, i.e.,
the sum signal accommpbdates to the patient. ThéS-pat lent is roughly
nodel ed as a resistance in series with a |arge ‘capacitor. The "RC

exponential time constant Hssthe abeeatirent t‘h% Ba%ﬁ?n’r‘s fog| Mmusedley SRASES,
with respect to the af otleeremusched whildR' fsneircospaamt .sHomlseqbentdeternifed.

capaci t ance associ at ed P N Oa?ﬁypartrﬁgtméét red qetff\é@t\édl Qibﬂgitﬁ&aﬂh%%ﬁ%gl

be ignored 15 for purposes |'alni ng the interaction
patient and the shapi nP¥ufE tﬂﬁ] E}Eﬁﬁ%ﬁt Hrefrraplyt f PREoE R1lacedimly dreach
the sixth rheostat §4 adndereft theenprrdet iallonty Nehe oObshgituditthl hevi€, oEhehe

exponential character Qfyddye SHPR tHe2mulBRE! ¢8st e LHGRA YHe lBéds. If the
muscle being treated is a frontal muscle, then the pad
should be placed on the frontal part of the body. If a
dorsal or posterior muscle is involved, then the pads
10 should be placed n the dorsal part of the body. If it
is not possible to treat Ilongitudinally, transverse
treatment can be effective. 1In this case, the pads are
placed perpendicular to the longitudinal axis of the
muscle being treated. For example, if hiccups are being
15 treated, transverse stimulation of the .diaphragm is
preferred. One pad can be placed anterior just below
the sternum. The other pad can be placed on the body
posterior substantially opposite to the first pad.
" The same method of treatment is preferred for
. 20 preventing a retardlng disuse atrophy. Two pad pairs
- can be "used s1mu1taneously to provide more time-
effectlve treatment.
To increase local blood circulatlon, the treatment
reglon must be determined. If the region is in a llmb,
25 treatment is'applied transversely be placing a pair of
- pads so that the region to be treated lies between them. .
e_For.example, if a knee is belng treated, one pad is
piaced on the inside of the knee while the other pad is
o placed on the outs1de of the knee. If the region to be
'",30n__treated is 1n the body, transverse treatment is
similarly preferred, w1th one pad being placed on the
front portlon of ‘the body and the other rad placed on
.{:the back part of the body. Once again, two pad pairs
_i':“can_be used for more efficient time utilization.
35 fl . 7o re-educate’ muscles, the muscles or muscle groups
' to be treated should be determined. The same procedure
"_'1s_followed as_in treatlng muscle spasms. Two pad pairs
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20 the first pair of pads 64. |In addition, adjustment of the fifth
rheostat 72 and/or the sixth rheostat 74 affects the anmpl i tude of pia$9P86574
si gnal applied tdve %’B%‘tlent by the first pair of pads 64. The |n uct or

70, fifth rheostat 72 and seventh rheostat 76 operate in an 25 identical
fashion with respect tot he sum signal applied to the patient by the second
pair of pads 66. A shaping nmeans that does not T i*Yeract with the electrical

| oad provi ded by the patle so feasi.hl e, Ure Aand 2B iJlustrate
the sum signal applied“38 rLfo Pﬁ%‘kpatl ﬁt By %"@#1 P The f’l rit® pﬁ?#bﬁm%ﬁf

64 or the second pair &reptmenieion et Hesdvesd| repird taigapinizehesfeetv t ch
68 in a first orientation. FhetksMEefint 67 WAF &m%@h&baﬁbl Prévew®nadidiis

anplltude peri odi c- e%ﬁ?@nﬂoéf% %ESLQD?Z%%S%EEéﬁksnEO pref%rﬁﬁd Both

stinmul-ation. 35 The su s “An-expohent ude
nodul at ed, clipped5 pePrédi érexpﬁﬁ%?ﬁ#bally raqesh %thﬁsmsﬁom fiwitiriene pad
2A-2C, the exponentigh taeplinktide spduhatileg ementHal byhéeroh NBh& Sowtlide.

cl i pped, Optionally, both legs can be treated simultaneously.

The treatment for maintaining an increase in the

range of motion involves determining which joint and

10 associated nuscle groups are to be treated. Generally,

~ the preferred treatment is transverse across the joint

being treated. If the joint is the Xnee, ankle or

elbow, one pad is placed on the inside of the joint with

the other pad being place on the outside relatlve to the

15 body. If edema is present a first pad should be placed

on the edema with the second pad diametrically opposed

thereto. ' If the joint being treated is the shoulder,

. wrist, knuckle or finger joints, preferably one pad is

placed on the front with the other pad placed on the

- 20 back of the joint. The foot and toe joints are treated

’ by placing one pad on the top of the joint with the

'other pad beneath the joint. In the treatment of a hip

. joint, a remote treatment technique is used. The pads

o t”are placed over the posterior ilium slightly above the

25 gluteal maximum. When the region being treated is the

. 'tbaék for 1limited body rotation, stiff neck, limited
“ﬁfanterior-posterior bending motion, etch., the preferred‘

. N “treatment is longltudlnal in the muscle groups running

1 | T up and down the left and right sides of the spine. The

ST FT " 307 T exact ) pad placement is determlned 1n a manner similar to

gf' -“5-3"“ﬁ"pfhthat used for muscle spasms.

EE In the treatment of ulcers, specifically, but not
fxllmlted to peptlc and gastric, the preferred method of
'ftreatment is -to place the pads transverse. After

”f,BS-'fdetermlnlng the locatlon of the pain, one pad is placed

' "oVer the point of pain on the anterior of the body and
Lthe other pad is placed'on the posterior surface of the
body. Preferably, neither pad is inferior (below) or
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periodi c- exponential signal 82 results. The clipped, periodic-exponenti al

signal 82 shown in Fi 2C was produced with the double-pole, doublex
switch 68 in a §%Q8M%7515r| ent ati on. Consequently, the cli ppeg,&'}gjﬁﬂmﬁu

periodi ¢ exponential signal 82 in Fig. 2Cis the mrror inmage or opposite
polarity of the corresponding clipped, periodic-exponential signals shown
in Figs. 2A and 2B. Figure 3 shows a natural sigﬁ&f 84 produced by a human
patient. The natural signal ,84 includes, a dogg ex onentlal portlon

86 that corresponds toSARETIBRs{aRPValpthReud e’p’emBHFEe et FUpnty grigute
78 produced by the apparsatmeit The nasedal ati gnexBdum| samplhitudies settings

exponential ly anpl i tUd%o?ng 't@ﬁ@dwf’ﬂgtﬂ%‘z.éﬁtffbﬁ dr¥y.responds to the
I

exponential |y anplitud at ed peri odi, c- exponent i al
si gnal produced by the appa?&?usgeﬂ?raéon?éﬁﬁ%ﬂﬂ‘? technighesiofhaViprddraised

by diseases is by the transverse stimulation of the lymph
node area in the neck and the spleen. Preferably, the
pads are placed anterior and posterior to the organ
being treated. However, if the throat is being treated,
the pads can be placed in lateral positions on the left
10 and right side of the throat. Normally, a twenty minute
treatment is used at maximum amplitude setting
consistent with patient comfort. The optimal treatment
period is three consecutive days.
Certain vision system defects can be corrected by
15 balancing the relative strength of wvarious muscles
' associated with the eyeball. 1In the treatment, one pad
pair is used for treatment of a single eye. It is
preferred that only one eye be treated at a time. This
treatment techn.tque involves ”indirect” stimulation to
20 the 1ntr1ns_ic ciliary muscle since neither longitudinal
' nor transverse stimulation is possible. It is expected
that miniaturized pads on LOW powers settings are
 required. The amplitude should be adjusted only to the
“very low edge of patient awareness. The treatment time
25 should be limited to not more than five minutes. Total
. treatment time varies greatly from patient to patient
deﬁending on the nature of the condition and its
' severity. . _
" In using the instant process to selectively block
30 plasma kinins from its receptor sites_, in particular
T bradykinin, any pad placement can be used. This effect
‘occurs quickly' with upper comfort range power settings.
.""""I‘he effects appear to be long term ::i.n nature. This
. effect appears to be directly; related to the reduction
35 of inflammation and to the reduct:.on of trauma induced
" edema. '
' The preferréd means for 'applying the periodic-
exponential signal to a patient and the proper placement
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t he apparatus 20 corresponds, at |least in part, to the signal 84 naturally
produced by the human patient. QOperation of the apparatus 20 include
initialization phwo92/ple t he power supply switch 24 is placed i rF({'ﬁU%’%%" '
"of f" position to insure that when the pads are subsequently applied to
the patient an undesirable signal is not also applied to the patient.
Initialization also involves setting the fifth,=32xth 25 and seventh
rheostats 72, 74, 76 for maxi mum attenuation to insure that the m ni num

anpl i tude sum signal i sCRpEre cWPRHLIIHIPaMERE e FhenPIFIRBE SBppPe FRREEHY
24 is closed. Further, déweraficedd rhehet Properi splaienenth dhathéhapplication

peri odi c- pul se generatorE g‘}gomfl#he %duggem BEr i ?'gkg F&Hﬁ% %llgggl can be

having a frequency at or m d- range posSs e frequencies
the power supply switcHreafily classopplighe d'Eﬁ’l n‘@ff?ﬁtt i élhezath"é'ﬁ Ef&icient
third and fourth rhsostgfeatifenti0, ame sdissusled haherditiabove,powhe SupRtyal

:Mg}[’];h S‘e‘n';aﬂ)‘r’sed a GPiLOfere wih9"daeWela Po¥rPdyged *i%c%lﬂﬁoﬂat 6f the
afflictions with transverse placement of the application
means being initially tried.

With references <to Figs. SA-D, a preferred
10 embodiment of an apparatus for ‘use in applying an
. electrical signal to a structure associated with the eye
of a patient 170, hereinafter referred to as apparatus
170, is illustrated. The apparatus 170 includes first
and second electrodes 172a, 172b, for conducting an
15 electricalfsignal of which at least a portion is to be
applied to a structure associated with a patient’s eye.
First and second electrodes 172a, 172b, are adapted for
_ appllcatlon to the exterior surface of a patlent and are
' preferably made of a conductive, carbonized rubber
20 material, such as the conducting carbonized rubber
material sold'by Ampfex under the trademark FLEXTRODE.
The first and second electrodes 172a, 172b, interface
- with the devices for generating electrical signals shown
in Figs. 1, 4, and 5 via first. and second electrical
25 leads 174a, 174b, and first and second connectors 176a,

' '176b. .
The apparatus 170 further 1nc1udes a positioning
device 178 - for positioning the first and second
_ electrodes 172a, 172b, at a preferred point on the
',30' .exterlor surface of the patlent for applylng electrical
slgnals to structures associated with the eye of the
patient. More specifically, the positioning device 178
:p051t10ns the " flrst and second electrodes 172a, 172b, on
L .pthe exterior surface of a patlent at a location that is
m35.“_substant1ally interior to the area defined by the bones
" that form the frontal aspect’ of the eye socket, the
Supraorbital Ridge and the Zygoma or Mazar bones. The
positioning device 178 includes a base member 180 that

\\n\\\nm\\f\ii‘ i



that has a frequency in the m d-range of possible frequencies and a duty
cycle of about fifty percent. During initialization, the .second switch 52

i.s opened to Wo92r076ir € that the gating signal is applied to tP@EI/US90/06574
mul tiplier 50 when the power supply switch 24 is closed. Additionally, the
first swtch 48 is closed during initialization so that when the power

supply switch 24 5 is closed the gating signalsproduced by the gate

signal generator 36 is snoothed before application.to the nmultiplier 50.
Following initializatismppoaftts tfiesaf andmeetbndedestdéahastenuts he23l,ats2b.

the first pair of pads heandedr hNens Rt R REAAISLPD; LF M%%%%Q

to the patient's body poi.nts ere nuscle
desi r ed. Preferably} ZPr'eé'ﬁT%t inst crpPEgt BERRPHNE84 HEPYT dif tJJUﬁ%HPOé'%P@g
of the nuscle. the chin area of the patient. The first cross member

5 184 includes a first horizontal member 186 on the upper
side of which is located a chin pad 188. The first
horizontal member 186 includes first engaging members
190a, 190b, for contacting the first and second vertical
members 182a, 182b. The first cross member 184 further

i0 includes first adjustment screws 192a, 192b, for fixing
the first cross member 184 at a particular vertical
position on the first and second vertical members 182a,
182b. The positioning device 178 also includes a second
cross member 194 for use in supporting the forehead

15 region of the patient. The second cross member 194

includes a second horizontal member 196 that is curved

to conform to the forehead region of the typical

patient. Attached to the side of the second horizontal

member 196 against which the patient’s forehead rests is

20 a forehead pad 198. The second horizontal member 196

' " "includes second engaging members 200a, 200b, for

ehgaging the first and second vertical wmembers 182a,

182b. Second adjustment screws 202a, 202b, are provided

for '-adjusting the vertical position of the second cross

25 member 194 on the first and second vertical members
182a s 182b. _ .

" The ~elements of the -pbsitioning device 178

described thus far serve to stabilize the patient’s head

_ during application of an electrical signal to a

30 -'s"-tructure associated with the patient’s eye. More

'~ specifically, the first cross member 184 and the second

'."'érOSs member 194 are vertically positioned on the first

-:"and second vert:.cal ‘members 182a, 182b, using the first
adjustment screws 192a, 192b, and the second adjustment

35 screws 202a, 202b, to éccommodate the dimensional
"'chai_":scteristics of the patient’s head. Once adjusted,
_the patient places their chin and forehead against the

chin pad 188 and the forehead pad 198, respectively.
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Preferably a pad is placed at each end of the nuscle along the |ongitudinal
axis of the nuscle with the 15 nuscle itself between the pads mﬁaqp?ﬂgﬁg&%m4
preferably pl aced¥@984861% 0 the center of the body of the patient.

nmuscle being treated is a frontal nuscle, then the pad should be placed on
the frontal part of the body. If a dorsal or posterior nuscle is involved,
then 20 the pads should be placed on the dorsat3gart of the body. If it is
not possible to treat the nuscl

transverse treatment’ ofcqﬁéq?fﬁggﬂgl'g elb%lseé‘lﬁ?'g%lt }[C’\L#gl.tggl P%é_qtt??‘f%‘hg’ggéﬁvtiﬁe 178
pads are placed per pendiesgirdbetio thwes | dingi t stiabdliagi $hef phti@dt’/suselad in
bei ng treated. Once t RRupANSHEI£1 P! 26HEU pOsibforaticit agiecRRWER SHEP! ¥y
switch 24 is closed and_the gpparatus 20 generates the sum Signal
conpri sing the subst'anﬁlﬁcltflﬁgists&ﬁ‘_‘ rrp‘?‘?t BdeS T IRFEG S é%&f&?&?ﬁi ¥ith the
signal 78 and the eéxpompatiiealti’s ays.i t uOsenedviaatede 3F e pelbshents of the
periodi c- exponenti al sigadl ;8Qing TRRVILED Si78"Hedct MR itSfhel CedNe) DAL S0 tpe
via the pads. Due to Egﬁient can quickly and easily remove their head from
the positioning device 178 if something should go wrong
in - applying the electrical signal to a structure
10 associated with the patient’s eye, thus reducing any
possible damage that may result from application of the
electrical signal.
_ The positioning device 178 also includes an
electrode positioning member 204 for positioning the
15 first and second electrodes 172a, 172b, at a location on
the exterior of the patient that is substantially
interior to the area defined by the bone structure
éomprising the frontal aspect of a patient’s eye socket.
The electrode positioning member 204 includes a first
20 'clamp member_éos'and first set screw 208 for attaching
and adjusting the position of the electrode positioning
member 204 with respect to the first vertical member
- 182a. The first clamp member 206 also includes a hole
210 for receiving one end of a z-shaped rod 212. The
25 rotational position of the z-shaped rod 212 with respect
" to first clamp member 206 and the positioning device 178
~can be adjusted using a second set screw 214 that
engages the first clamp member 206. Attached to the
'éecond'end of the.z-shaped rod 212 is a second clamp
| 30 mémber 216. -A third set screw 218 allows the rotational
" " position of the second clamp member 216 relative to the
:z-shaped'rod 212 to be adjusted. Attached to the second
: !clamp'member 21§_§;e first and second electrode mounting
__“_members 220a; 220b. A fourth set screw 222 allows the
' 3$ff:Veiticé1 .spdcihg ‘of the first and second electrode
' H'mounting ‘members 220a, 220b, to be adjusted to
accommodate the vertical- spacing between the bones that
”_define the frontal aspect of the eye socket. To

heet Has Been Reﬁaced




af orenmentioned adjustnent of the fifth, sixth and seventh rheoztatz 72h_74,

76 the sumsignal applied to the patient is of mninumanplitude. At this
point the 35 expw@st/bm17character and anplitude of the sum si gnaPChaiS9§/06574
applied to the patient can be adjusted using the fifth rheostat 72 and the

sixth or seventh rheostats 74, 76. In addition, the frequency of the
peri odi c- pul se -17- portion of the sum signal-sgan be adjusted using the
second rheostat 32. Adj ust nent of the frequency and duty cycle of the

gating signal can be acdpsplatéedhby finrstpuand i sgcohd telliectiraddsf awadd) 172b,
‘heostats 38, 40. If 5 chbR GMel Nbcird b1y "ibuslSS | sod, LA mesossggggmy

swtch 52 can be closed. FEigure 4 trat a secgon nent
i avention, i.e., the eI@E??oPﬁeFﬁpéﬂFF r&ﬁﬁii&tﬁ?“@ECtlve material, the first

and second electrode mounting members 220a, 220b are
5 coated with an insulating material, such as insulating
rubber or thermo-plastic.

. The electrode positioning member 204 positions the
first and second electrodes 172a, 172b, relative to the
bone structure that defines the patient’s eye socket

10 after the patient’s head is stabilized against the chin
paid 188 and forehead pad 198 of the first cross member

184 and second cross member 194, respectively. By use

of the first set screw 208, the electrode positioning
member 204 can be vertically positioned on the first

15 vertical member 182a at the appropriate 1level to
' accommodate the vertical position of the patient’s eye
socket. 'Moreover,-'the rotational position of the
eléectrode positioning member 204 with respect to the
first vertical member 182 can also be established to

20 accommodate the orientation of the patient’s eye socket
o -telative to the positioning device. 178 using the first
Set screw 208. The rotational position of the z-shaped

rod 212 relative to the first clamp member 206 and the
positioning de?ice 178 can also be established using the

25 second set scfew 214. This is typically used to move
the first and Second electrodes 172a, 172b, towards or:

' away from the center of the patient’s face. The
;rotational position of the second clamp member 216
relative to the z-shaped. rod 212 and the positioning

30  device 178 is established. u51ng the thlrd set screw 218
) ':to a team. This allows the first and second electrodes
172a, 172b, to be positloned to accommodate the angle of
_.the patlent's eye socket w1th respect to the centerline

" of the patlent's face. The fourth set screw 222 allows
'35 'the vert1ca1 spa01ng of the first and second electrodes
S 172a, 172b, to be.adjusted to accommodate the vertical
spaoing between the upper portion of the patient’s eye
socket and the 1lower portion of the patient’s eye

This Sheet Has Been Re‘ilaced _
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(hereinafter referred to as the apparatus 90). 10 Apparatus 90, in

contrast to apparatus 20, does no sum a sine-wave signal and a

peri odi c- pul se siwWO®R/O7T&RM her, apparatus 90 applies the a PCT/US90/06574
peri odi c-exponential signal suitable for sensory stinulation and a

peri odi c- exponential pulse signal suitable for nmuscle stinulation 15 to
the body of the patient over separate paths. - Hig-apparatus 90 all ows an
operator to control whether the periodic-exponential signal suitable for
sensory stimulation, pepcketc- edfpurenspetifidaldysi gre Saurtihl eetorsanesc| z22

stinulation or both si Qﬁ!%ﬁsaﬂﬁ‘e msteqnaosaeonah@w@éfﬁus 1728¢ i?FQr atdlpe
90 al so allows the operat OE el ecti \r/'ffa é bl ank eﬁg glnlol:’all f ude

nodul ate, and clip thePB&F b%ﬁ'% ?f)oﬁe CRE18P jRUPSHRR s *s‘?i’f’;Pr to the
stimul ation. The appar ares defimed ubysthepSwventalipediged2ofinth€5Spatpeniets eye

supply switch 94 whai chggereg] ethd Quﬁfmﬂﬁalalﬁmgs Bdrid JA5 A éﬂetb;?goma
power supply 22 and the pﬁazar%JoDxPe % 3w tch 24 of apparatus 20.

In operation, a patient’s head is stabilized in
substantially one position using the apparatus 170 by
initially adjusting the vertical positions of the first

10 cross member 184 and the second cross member 194 using
' the first adjustment screws 192a, 192b, and the second
adjustment screws 202a, 202b, to accommodate the
dimensional characteristics of the patient’s head. Once
the appropriate adjustments have been made the patient
15 places their head such that their chin engages the chin
- 'pad' 188 and their forehead engages the forehead pad 198.
Having stabilized the position of the patient’s head,
the electrode positioning member 204 is then used to
position the first and second electrodes 172a, 172b,
20 substantially flush against the exterior of the patient
' in an area substantially interior to the bone structure
that defines the frontal aspect of the patient’s eye
socket. More specifically, the first set screw 208, the
second ' set screw 214, and the third set screw 218 are
25 used to adjust the position of the first and second
N electrodes 172a, 172b, such that they are located in the .
"aforementioned position. Once the first and second
eiectrodes_ 172a, 172b, are positioned at the
o aforementioned ]_.ocation, the fourth set screw 222 is
30 __ useii ‘to adjust the vertical spacing ‘between the first
' ~and second electrode mounting members 220a, 220b, such
jthat the vertical dimension of the patient’s eye socket
' is accommodated. |
T a structure ' to accommodate the horizontal
35 dimenslon of the pat:.ent’s eye socket has not been found
“ to be necessary as of this time, but a structure for
adjusting this asbect of the first and second electrodes

172a, 172b,  is, of course, feasible. Moreover, an
is Sheet Has |]‘3ﬁie|n‘llle‘ilaced
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The apparatus -90 further includes a periodic- exponential signal generator

95 for producing a constant 30 anpl i tude peri odi c- exponenti al ggr

having a frequendyOAMN6NTr i ate for stinmulation of the sensory ner vEST/3SI§/06574
patient. The preferred periodic-exponential signal generator 95

I ncludes a periodic signal generator 96 for outputting a constant anplitude
periodic signal. 35 Preferably, the power aggociated with the

periodi ¢ signal output by the periodic signal generator 96 is sufficient to
penetrate the patient' sdjuggmenhpifiorutioradputakint obf-sdttipry itdtd pasigrian of

out put by the periodi Cthe #i¢BR! aH&NSESLM dtdaledVhded, bx-/fbf' fén respect
r'heost at 98. Preferabl&P the first rheostat 98 |% d£ ited
apparatus 90 is acPlPe ANOHRET | S (3EF%LaFRRFLP %tceséflﬂFEmnal]m-e an

periodic signal outpadjusfmente sErupduredi £o15i pavingertheat HirH ead l=moend
virtually any 5 electrodes 172a, 172b, independently towards and away
from the patient’s face is also feasible.

Once the first and second electrodes 172a, 172b,
have been_-appropriately positioned using the positioning
device 178, an electrical signal can then be applied to

10 the first and second electrodes 172a, 172b, that results
in an electrical signal being applied to one or more
structures associated with the eye. These structures
include structures interior to the eyeball, such as the
'vitre.ous humor, as well as structures exterior to the

15 eyeball, such as the muscles that rotate the eyeball.
Preferably, the signal that is applied to the structure
associated with the eye is the signal illustrated in

" Figs. 2A through 2C and Fig. 3, and produced by the
" apparatuées shown in Figs. 1, 4, and 5. Characteristic

20 of the signal shown in Figs. 2A-C and Fig. 3 is that the
signal possesses a shape that is believed to result in
an electrical charge being 1mparted to one or more
- structures associated with the eye. This can be seen in -
F:Lgs. 2A and 2B where a greater portion of the signal is

25 Dbelow the zero volt line than is above the zero volt

- line. Stated another way, an integral of the signal .
over time would be a non-zero value. This is believed
to result in the aforementioned electrical charge being
imparted to one or more structures ‘associated with the

30 . eye. In‘any event, the signal illustrated in Figs. 2a-C

and Fig. 3 is believed to be effective in treating
various ailments or maladies that - affect various
structures associated with the eye. Electrical signals
with shapes different from that shown in Figs. 2A-C and

35 Fig. 3 are also feasible. An example of such a signal
is a signal that includes a sinusoidal component as well
as a DC component. In addition, the signal preferably
has a RMS power level between approximately 4.75
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shape since the preferred peri odi c- exponenti al generator 95 incl udes a
wave-shaper 100 that is designed to nodify the shape of whatever SICg'Rﬁg i§6574
bei ng out put by tWe $0763dti c si gnal generator 96 to produce a condt Y
anpl i tude periodic-exponential signal. For exanple, if the periodic
signal generator 96 is outputting a constant anplitude square-wave
signal, then the wave- shaper is designed to nod#8y the square-wave shape
to a periodic-exponential shape. Exponential shaping of the 15 periodic,
si gnal “out put by the patilddvatssgrand gehePaldivatlisd ¢ s FrEeREly; spigliaakien
falling aspects of the firl i¢idictrdicglakigasl ngo athe @t iadlpa®i@neNas8ing the
Preferably, the \A/ave-srha‘%. kh [ r,th Be PPVl E- £ £XBENERELAL s FhaEacter Lo
t he periodic signal wher e%r& Q"@2()1_n)‘:‘)>at_ée r?5|_ng and ?a???ﬁg‘kﬁ‘g%e%?skﬁg#é%ng
an exponential conponerfhe TRellpipicht RELLEFHANSHRT | BRladfes aassociated with
periodic-pul se signal gefheictiureslOdnvolvirger thé Ngeye per i Gliedbydpse, Si gistle
having a frequency sui tﬁﬁla%.afn%re,rr'é%q:lagaQ'Es[m&féucoma, inflammation, headache,
iritis, anterior ureitis, posterior ureitis, optic nerve
neuritis, optic nerve ischemia, and visual field
defects.
10 The foregoing description of the invention has been
presented for purposes of illustration and description.
Further, the description is not intended to limit the
invention to the form disclosed therein. Consequently,
variations and modifications commensurate with the above
15 teachings, and the skill or knowledge in the relevant
art are within the scope of the present invention. The
preferred embodiment described hereinabove is further
intended to explain the best mode known of practicing
. the invention and to enable others skilled in the art to
20. utilize the invention in various embodiments and with
' the various z_nodifications required by their particular
applications or uses of the invention. It is intended
that the appended claims be construed to include
_ alternative embodiments to the extent permitted by the
25 prior art.

(R
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25 stinmulation of a pat] ndeiequency of the stinulation

pul se signal output by t peri odi ¢ pul se signal generator
102 is adjusted bwormsarizeut at EiﬂHBﬁﬂm heostat 104. The appar at BETA#90/06574
further includes a gating ne hat alternatingly all ows and

i nhibits the passage of the perlodlc pul se signal . The preferred gating
means 106 includes a gating signal generator 1083$er producing a gating
signal. The period and duty cycle of the gating signal produced by the

gating signal 35 gene®iad IsoglaimedeoIsitlj usted by, respectively, a third

rheostat 110 and a fourth rhgostgh 1g§pargtg@unggronbggkﬂgggg ldfectrical
gref erably conpr|5|ng a resg & lé? _gp Itor 118 and a first swt cﬁ
120, provides an R8P WPtdh 971 ?ﬁ%ﬂ(ﬁ?mgfl§ﬁﬂﬁthlng the rising

and means for use in providing a periocdic-exponential
signal; and

. 5 means for applylng said perlodlc-exponentlal signal
to the patient. '
2. An apparatus, as claimed in Claim 1, wherein:
said means for use in providing a periodic-:
exponential signal includes means for use in providing a
first periodic-exponential signal having a frequency
5 between about 0 Hz and 1000 Hz.
3. An apparatus, as claimed in Claim 2, wherein:
said means for use in providing a first periodic-
exponential signal includes means for use in providing a
first periodic, double-exponential signal.
4. An apparatus, as claimed in Claim 2, wherein:
said means for use in providing a first periodic-
- exponential signal includes means for use in providing a
first substantially constant amplitude periodic-
'5  exponential signal. |
' 5. An apparatus, as claimed in Claim 1, wherein:
said means for use in providing a periodic-
exponential signal includes means for use in providing a
first periodic-exponential signal -having a frequency
.5 sultable for muscle stimulation.
" 6. An apparatus, as claimed in Claim 5, wherein:
_ said means for use in providing a first periodic-
' exponent1a1 signal includes means for use in prov1d1ng a
'-flrst perlodlc, double-exponential 51gna1.
’ 7. An apparatus, as clalmed in Claim 5, wherein:
_ said means for use in providing a first periodic-
,5exponent1a1 51gna1 1nc1udes means for use in providing a
S first substantially constant amplltude perlodlc-
' 53l'exponent1a1 signal. ' | o '
Y 8. 'An apparatus, as claimed in Claim 1, wherein:
said means for use in prov1d1ng a periodic-
exponent1a1 signal includes means for use 1n providing a

* c L M S * —
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falling edges of the gate mn‘ar’m periodic- pulse signal is
gradual ly applied and then &gﬁﬁﬁg facedpatient. A first multiplier 122
gates the peri od|w0§2/0m1175e ced by the periodic- L$90/06574
signal generator 102 accordi g signal. A second switch 124
provi des an operator with th u5| ng or not using the gating
apparatus 106. The apparat us 90 further I ncl udes4a~third switch 10 126

that gives an operator with the option of providing or not providing the
background peri odi c- expeecond aperigdi¢-exponantiiplt Felangly chaniner alRraguency

nmeans for applying she Eéﬁﬁ&%ntd%chE61ﬂ@blﬁﬂtandfﬁbﬂﬂobhcﬁb|y, if the third
swtch 126 is open then the en

exponentlal nal nQt
applied to the patient. g""t lﬁ‘?p(?rsia\ﬁ“tsc‘fhafzé’laé’me?og@d CItaﬂ'E' ¥, further
peri odi-c- exponenti al S|-'gmelud1819§ppl ied to the patient using one or nore

pads attached to the patientndaniKi for Pegheiaitiially fanmtithad duaatiag said

fgcohﬂepabgtiggtare enpl ébndtﬂ%ﬁ%@@l&-exgogght1§¥”sfa%£i exponential signal

10. An apparatus, as claimed in Claim 8, wherein:
said means for use in providing a second periodic-
exponential signal includes means for use in providing a
second periodic, double-exponential signal.
1i. An apparatus, as claimed in Claim 8, wherein:
said means for use in providing a second periodic-
exponential signal inciudes means for use in providing a
second substantially constant amplitude periodic-
5 exponential signal.
' " 12. An apparatus, as claimed in Claim 8, wherein:
_ said means for use in prpviding'a second periodic-
exponential signal includes means for use in providing a
'secqnd“ﬁeriodic-exponential, clipped signal.
" 13. An abparatus, as claimed in Claim 1, wherein:
said means for use in providing a periodic-
exponential signal includes means for use in providing a
_ ,sesondf periodic-exponential signal having a frequency
5 ' suitable for sensory stimulation. .
 14. An apparatus, as claimed in Claim 13, further
1nclud1ng' | . . | .
. means for exponentlally amplitude modulatlng said
second per10d1c~exponent1a1 signal.
' _ 15. .An apparatus, as claimed in Claim 13, wherein:
_i; sald means for use in prov1d1ng a second periodic-
exponentlal 51gna1 includes means for use in providing a
second perlodlc, double—exponent1a1 signal.
' ';, '16. An apparatus, as claimed in Claim 13, wherein:
“h-sald means for use in providing a second periodic-~
"expohentlal 31gna1 1nc1udes means for use in providing a
. - second substantlally constant amplltude periodic-
5 ; exponent1al signal. '
- . 17. An apparatus, as clalmed in Claim 13 wherein:
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Al ternatively, the.periodic-exponential can be applied to the patient's

skin using a point appli cakhisrSheshHas: cedpved over the patient's skin
during treatment webherélTea I “ g the periodi c- exponent i BCTAISP§HI6574
25 to the patient include plicator, such as a needle

el ectrode inserted into the body of the patient, and a renote applicator,

i ke a transm ssion antenna. The apparatus 90 fygther includes a fourth
switch 132 for providing an operator with the optioen of 30 applying or not
appl ying the periodi c- pul sessidymeans=o fidye ysat iientpro8idingi a aségondvmer iiddd c~

L5010 e o oo SRR R g Re A 5018 50 o
peri odi c- pul se signal %ﬂ??%ﬁaHﬁf¥ﬁ$;°35x9°P??§%a}nHQ¥ pedy 83992l applied to
-a power anplifier 134 whichl8am#n fapparathe, geré¢laiimedyihselaimghalwhereifhe
anpl i fied periodic-pulse sigifd ifedd2en faRP! ed 1302 peavidlsy . Mighiddic-
the preferred enbo_dl negat:pclar?en J'.Za%.ne;ignal includes exponential time constant
means. .
19. An apparatus, as claimed in Claim 18, wherein:
said expdnential time constant means includes an
inductor-resistor means.
20. An apparatus, as claimed in Claim 19, wherein:
said  inductor-resistor means includes variable
resistor means for adjusting the exponential time.
constant of said periodid-exponential signal.
21. An apparatus for providing an electrical
stimulation to a patient, comprising:
_ means for use in providing a first periodic-
exponential signal; having a frequency suitable for
5 muscle stimulation; _
means forfapblying said first periodic-exponential
signal to the patient; _
means for providing a second periodic-exponential
éignal having a frequency suitable for sensory
10 stimulation; and | | |
means for'applying said second periodic-exponential
signal to the patient. ' .
22. An épparatus for providing an electrical
‘stimulation tb;a‘patient, comprising: _
means for. use in providing a first periodic-
' exponential signal; _ -
flﬁff _ ‘'means for use in providing a: second periodic-
E ~ exponential signal; _ o
. “means fpr:suhminé'Said first and second periodic-
:éXpéﬁenﬁial signéls'to produce a sﬁh'signal;'and
o .means fdr.applying said sum signal to the patient.
- 23. An apparatus, as claimed in Claim 22, wherein:
‘said first periodic-exponential signal having a
frequency s@itable'for muscle stimﬁlatiqn.
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-20- di ode 136. The zener di od eenii@ﬂ?agle a discrete conmponent or the

br eakdown characteristic th |f|er 134 can be enpl oyed.
processed by the W@ﬁé&mémod od| c-pul se signal is aprﬂqréﬂs?%‘)@“
a step-up transformer for ln ol tage of the periodic-pul se
signal. In the preferred enbodi nment of apparatus 90, a 1:10 step-up

transfornmer 138 is used. The periodi c-pul se sigéa+ output by the
transfornmer 138 is, follow ng processing described nore thoroughly 10

hereinafter, distributed t $4read® PBPRERHS @AF Aladgedniénpglaimt23,l wherein:
enbodi ment illustrated in [Hagd 4fitdme m:.@due-aubsﬂeﬁt;gﬂal signalbPIASdidP a

patient using one or Ourgﬁg§§§£%ﬁg§§g ééﬁ?éﬂ%e&at'ent s skin. Preferably,

a third pad 140 and a used to apply the
periodic-pul se signal to tH&: pa@PeﬁPpa%’i‘b‘%maﬁ Fapyjmedhan p@kadimias pwhegein:

signal can be applied said first periodic-exponential signal having a
substantially constant amplitude.
26. An apparatus, as claimed in Claim 22; wherein:
said second periodic-exponential signal having a
frequency suitable for sensory stimulation.
27. An apparatus, as claimed in Claim 26, wherein:
_. said second periodic-exponential signal having a
frequency suitable for sensory stimulation.
28. An apparatus, as claimed in Claim 26, wherein:
said second periodic-exponential signal having .
substantially constant amplitude. _
~29. An apparatus, as claimed in Claim 22, wherein:
_ said second periodic-exponential signal is
exponentlally amplitude modulated.
' 30. An apparatus, as claimed in c1a1m 22, wherein:
said secopq parlod;c-exponentlal signal is blanked
when a pulse associated with said first periodic-
exponential'signal is present in said suh signal.
- 31. An apparatus, as claimed in Claim 22, wherein:
‘said second periodic-exponential signal 1s clipped.
- 32, An . apparatus for providing an electrical
'stlmulatlon to a patient, comprlslng° _
. means for.use 1n_prov1d1ng a first periodic signal;
_ means _fgr use in providing a second periodic
5 _51gna1, _ '
T means for summlng said first and second periodic
_signals to produce a sum signal having a first periodic
signaluportidn and a second periodic signal portion;
R . heans for . use . in alterlng said sum signal to
"fflb pproduce a per10d1c-exponent1a1 sum signal; '
""" means for applying said periodic-exponential sum
_'81gnal to the patlent. ,
' 33. An apparatus, for providing an electrical
'stlmulatlon to a patlent comprising:
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to the patient s skin using a point appli cator that'ca_n be noved over the
patient's skin during trea‘l‘hmwetfmmRﬁQ for applying t

t he
periodi c- pul se siWDaR/0761720 i ncl ude a -device i nsert eRCT/US§0/06574
the interior of the patient needl e electrode, and a renote

applicator, like a transm ssion antenna. The apparatus 90 further includes

a shaping neans that. is used to exponentially shgpe the periodic-pul se 25

signal output by the transforner 138 and applied to the patient by the

third and fourth pads 140, mei@ns ERponesei dn shayyiiddngf at fpeermieidiediekpprbieial
sjgnal results in the gighap; s or falli ngI aspects OI tgg pu:ngf;pahlh;
eriodi c- pul se sigpal include an ex onenti,al conponen

Fhe shap?ng neagg i npar tRe2ANE QR#iﬁR? lydngofgiadi Reriofianaxponentind to the
peri odi c- pul se signal pifetentomherkénr i the(edettiabhinqodd tbeoﬁﬂéé@ by the

each cycle of the periggk et Flingaal Loclpdean ;X ggggtl %%tznal

i ncl des an 35 | nduct of -r e5si sto
ELﬁL?[gPLé ahh?ngngfgrghﬁﬁﬁuﬁfr pro uced_by sa1d means for prov1d1ng.

34. An apparatus for providing an electrical
stimulation to a patient, comprising:
means for providing a substantially constant
'amplitude sine-wave signal having a frequency
5 substantially between 1000 Hz and 100,000 Hz;
' means for adjusting the amplitude of said sine-wave
'signal:
means for providing a first'substantially constant
amplltude pulse signal hav1ng frequency substantially
10 between 40 Hz and 500 Hz;
' means for adjusting the frequency of said first
substantially constant amplitude pulse signal;
means for selectively gatlng said first pulse
s1gnal compr1s1ng.
15 means for providing a second pulse slgnal
' - having a perlod.
means for adjusting the perlod of said second
'~ pulse signal;.
means for adjusting the duty cycle of said
20 ' second'pulse signal; and _ oo
o g means for multiplying said first substantially
constant amplitude pulse signal by said second
pulse signal to periodically gate said first
substantially constant amplltude pulse signal;
'?ﬁé$ S means for summing said substantially constant
: :amplitude sine-wave signal and said first substantlally
'__constant amplitude pulse signal to produce a sum signal;
o means for exponentlally amplitude modulating said
_ ;sum s1gna1, .
'30:'  means for cllpplng said substantlally constant
amplitude sine-wave 51gnal in said sum signal;
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fifth rheostat 146, a sixth rheostat 148, and a seventh rheostat 150. The

I nduct or 144 can be either hixBhea Hes ent or incorporated i 8§0/06574
transfornmer 138. wmm?zl mM! B{m tor network operates, r};&/bg 06

previously discussed with re tus 20, to nodify the-
peri odi c- pul se signal output e transforner 138 such that the
periodi c-pul se signals applied to the patient 5'44by the. third and fourth

pads 140, 142, are constant a i tyde i C-ex ent |
doubl e~pol e, doubl e throw svﬂ‘r%f lsf? ggag 109 o S8 "-ﬁﬁt %ﬁ%i}x h&onstant
polarity of the const anamMudmdelmm cstgmpdnein alaldl gunl sspEli evhern a

the 10 patient by thephidd dogndsdsyt h@fs@agﬁb&gntiéglﬁl ThengPRAt alddp13€ude

al so i ncludes a blankln cli in nd.exponentiall.,y a i tude nodul atin
circuit 154 for guls é%%na %s in gaﬂg sum sf/ 9

means for adjustably modifying said sum signal to
produce a periodic-exponential, sum signal;
means for changing the polarity.of said periodic-
exponential, sum signal; and
40 means for applying said periodic-exponential, sum
'signal to the patient at two locations.
35. A method for providing electrical stimulation
to a-patient, comprising:
generating a periodic-exponential signal; and
‘applying said perlodlc-exponentlal signal to the
5 patient.
36. A method, as claimed in Claim 35, wherein:
- said step of generating includes generating a first
periodic-exppnential signal having a frequency suitable
~ for muscle stimulation.
' 37. A method, as claimed in Claim 36, wherein:
said step of generating a first periodic-
- exponential signal includes generating a first periodic,
;double-exponentlal signal.
38. A method, as claimed in Claim 36, wherein:
said step of generating a first periodic-
exponentlal signal includes generating a first,
substantially constant amplltude, periodic-exponential
5 signal. '
B 39. A method, as claimed in Claim 35, wherein:
sald step of generating a periodic-exponential
'51gna1 1ncludes generatlng a second periodic-exponential
"2351gna1 having a frequency .sultable for sensory
.. 5  stimulation. o
- " 40. A method, as claimed in clalm 39, wherein:
said step of generatlng a second periodic-
exponent1a1 signal includes generatzng a second
perlodlc, ‘double-exponential signal. _
41. A method, as claimed in Claim 39, wherein:
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bl anki ng the periodi c-exponential signal output by the wave shaper 100 when
a pul se associated with thﬂuslﬁeetgeme@ndkeplaeedponent ial signal output by the

mul tiplier 122 i eyponemt a get her w th exponenti al RET/US90/06574
anpl i tude nodul ating, the p tlal si gnal otherw se. The
bl anki ng, clipping and exp i fude nodul ating circuit 154 is

conprised of a fifth 20 SMAtCh 156 a blanki&g, clipping and
exponential anplitude nodul ati ng signal generator 158 and a second
nultiplier 160. The bl anki ngaid i plieyy i egepneratiag amrpl isectndrohdridaig-

circuit 154 operates S‘é‘s&érﬁl@ﬁty@f” L'i‘ n&hf”in%Mutcfés 1 ﬁér&%:i’ﬁ&d, at hgecona
bl anking, clipping 25 and ex ntla %g a f gn atln sigha

generator 158 producese§9§P§H§ &tamﬁ ﬁuggpFP BEABR% ¢ oPERE @%ﬁxﬁﬁ?°“entlal
mul tiplier 160, resultsigmaithe periodi c- exponential signal belng bl anked

during the presence of a pulyge agsggtﬁ5 d ggtél%¥ﬂgdpghlegh Yeiin;
pul se 30 signal and clipped, toget onential Ty’ anp |tud

exponential signal includes generating a second
substantially constant amplitude, periodic-exponential
5 signal. _
| 43. A method, as claimed in Claim'39, wherein:
said step of generating .a second periodic-
exponential signal includes generating a second
periodic-exponential; clipped signal.
44. A method for providing an electrical
stimulation to a muscle of a patient, comprising:
generating a first periodic-exponential signal
having a frequency suitable for muscle stimulation;
5 applying said first perlodlc-exponentlal signal t
the muscle of the patlent,
generatlng a second periodic-exponential signal
having a frequency suitable for sensory simulation; and
| ‘applying said second periodic—-exponential signal to
10 the patient.
' 45. A method for providing an electrical
stimulation to a muscle of a patient, comprising:
generatlng a periodic-exponential signal having a-
'fJ.rst portlon for muscle stimulation and a second
s portlon for sensory stimulation, said second portion
being present when said first portlon'is absent;
applylng said 'perlodlc-exponential signal to the
muscle of the patlent.
46. A. method for treatlng a symptom associated
0 "w1th 1njured tissue in a region of a patient comprising
”prov1d1ng' a first per1od1c-exponent1a1 signal to the
reglon of sald patlent.
' 47. The method of Claim 46 whereln said first
periodic-exponential signal has a frequency between
about 0 Hz and 1000 Hz.

—
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Wth reference to Figs. 2A-2C, the various signals that can be applied to

the patient by manipul ati offhis h nReplasst ch 126 and the fourt BcEridoefues74
132 are 35 il| Y@ OMOL7 switch 126 is closed ang?{wf[le
fourth swtch 132 is open, & i tude, periodic-exponenti al -

signal 82 having a frequency suitable for sensory stimulation is applied to
t he -22- patient. Wen the third switch 126 -#&~open and the fourth

e 132 Ll ose 2 ornhh e AT e B ARG TRl *LaRL A

pati ent. Wen bot h t hperhpddcsekpererntialand iomalf odst hasmﬁipuhlesexmreentlal

closed, both of the cogsgaai. anplitude periodic-exponential signal 78 and

the periodic- exponential sjgnal,82 aren8pPliPdci2ih NG Ph&Min sata sirst
. periodic-exponential signal has a constant amplitude.

. 50. The method of Claim 46 wherein a second
periodic-exponential signal having a frequency between
about 1000 Hz and 100,000 Hz is provided to said region
of the patient.

51. The method of Claim 50 where:.n saJ.d second
periodic-exponential signal is exponentially amplitude
modulated. _ ,

' 52. The method of Claim 50 wherein said second
periodic-exponen_tial signal is a° double-exponential
signal. ' '

' 53. The method of Claim 50 wherein the second
periodic-~exponential signal has a substantially constant
amplitude. .

54. The method of c1a1m 50 wherein said second
perlodlc-exponentlal signal is clipped.

' B5. fThe method of Claim 50 wherein said periodic-
exponent:.al s:l.gnal has a frequency between about 0 Hz
“and 100 Hz. _

56. The method of Claim 46 wherein said symptom is
1nf1ammatlon. _ ' .

57. A method for treatlng symptoms assoc1ated with
injured ‘tissue .in a region of a patient comprising
'“'provn.ding _to the reglon of the patient (a) a first
'pefiodio, double-'exponential_ signal having a frequency

5 between about ¢ Hz and 1000 Hz and (b) a second

o .perlodlo, double-exponent:.al s:Lgnal hav:.ng a fregquency

. between about 1000 Hz and 100,000 Hz.
. 58. 'I‘he method of Claim 57 wherein said second
'.‘_'sz.gnal is exponentlally ampl:.tude modulated.
C 59." The method of Claim 58 wherein a portion of
said second slgnal ~has a substantlally constant
i :."amplltude. o

-
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Further, if both the third switch 126 and the fourth 10 switch 132 are

cl osed, then the fifth sw thibShkeetriapBe to blank, clip and

exponenti al |y ansdiopsdesrrodyl E di c- exponenti al signal &ET/USHRE574
the appropriate signal or si n sel ected then the operator can
mani pul ate the rheostats to further 15 nodify the -signal or signals being
applied to the patient. Operation of the appagmatus 90 includes an
initialization phase where the power supply switch:-94 is placed in the-

"of f" position to insure theo.wrethetR6d ofadSlaim e57suikeegiantdaid second

applied to the pati Ny éwg¥%% )l e signal is not also applied to the
prati ent. In|t|aI|zat|o§Q aﬁ 3 5; setting the fifth, sixth gnd seventh

rheostats 146, 148, 150 for %BXI ThenBaYhod, 25 GHEB FhsTReFdimSaife SYRRFAR NS
anplitude 25 per|0d|C1afpammmticn.S|gnal if selected, is applied to the

patient upon the closing of gfhe &%n@%h%\é’a&ihg%‘ympﬂwé@ sokB8t88Pth
rheostat 104 is set such, that
injured tissue in a region of a patient comprising:

a) providing a first per10d1c-exponent1al signal:;
b) providing a second periodic-exponential
5 signal;
c) sumung said first and second signals to
' produce a sum signal; and
' d) applying said sum signal to the region of the
patient.

63. The method of Claim 62 wherein said first and
second signals are each double-exponential signals.

64. The method of Claim 63 wherein said first °
signal has a substanfially constant amplitude and. said
second signal has a dcuble-exponential character.

65. The method of Claim 62 wherein said first
signal is blanked when a pulse associated with said
second signal is present._

66. The method of Claim 63 where:m said f1rst
' signal is cl:.pped.

67. The method of Claim 62 wherein said second
' signal is exponentially amplitude modulated.

_ 68. The method of Claim 62 wherein said symptom is -
inflammation. '

69. A method for 1mprov1ng the relat:.ve strength

' of muscles associated ‘with the eyeball said method

compr1s1ng provid:.ng a first perlodJ.c-expcnentJ.al signal

to a selected group of said muscles.

h 70. The wniethod of cClaim 69 wherein said first

"pericdic-exponentlal signal hav1ng ‘a frequency between

“about 0 Hz and 1000 Hz and a ‘second perlodlc-expcnentlal
""s:Lgnal having a frequency between about 1000 Hz and -

5 100,000 Hz is provn,ded to said group of muscles.
" 71. The method of Claim 70 wherein said second

UL




t he peri odi c-pul se gener at mmri odi c- pul se signal having a

Al so during initWe92/8161dn
set such ‘that upon the cl osi

frequency at or about the n'l] an asBre
signal is produced by the g:}

place@f ~ possi ble frequencies.

l

f
\‘ m\: supply switch 94 a gating _
ator 108 that has a frequency in

the md-range of 35 possible frequenmes an-a dudg-cycle of fifty percent.

During_initialization,

gating signal is appli e®ad adicexpengntial 122igwmh tie powalowlRplexpowehehal

94 is -23- cl osed.
initialization so that
si gnal produced by the
application

the second switch 124 is closed to insure that the

sAdtialli anal iy, eiﬂﬁhénﬁiﬁhl Wh gfléﬁgé'ﬁb (f%ﬁ% d during

when the power I's close e "gati ng
gate SI p ﬁg’? § o€/°r1\(l)\%r?§t’§fﬂ)oﬁﬁed11t5'€ﬁ'or%ald method

compr1s1ng prov1d1ng a first periodic-exponential signal
to said ulcer.

73. The ‘method of Claim 72 wherein said first
perlodlc-exponentlal signal is a double-exponential

- signal having a frequency between about 0 Hz and 1000 Hz

and a second periodic-exponential signal having a
frequency between about 1000 Hz and 100,000 Hz is
provided to said ulcer.

74. The method of Claim 73 wherein said second
per10d1c—exponent1a1 signal is a double-exponential
signal and is exponentially amplitude modulated.

75. A method for treating a viral infection in a

"patient said method comprising providing a first

per10d1c-exponent1a1 signal to the infected region of

the patient.

76. The method of Clainm 75 wherein said first

'?perlodlc-exponentlal signal ‘is -a double-exponential

signal having a frequency between about 0 Hz and 1000 Hz
and a second period1c-exponent1al signal having a
frequency between about 1000 Hz and 100,000 Hz is

_ provided to said region.

77.. The method of Claim 76 wherein said second

hperlodlc—exponentlal signal is a double-exponential

signal and is exponentially amplltude modulated.
"..78. A method for blocking a plasma kinin from it s

“' acceptor 51tes said method comprlslng prov1d1ng a first
-:perlodlc-exponentlal s1nal to a selected group of sald
‘muscles.

79. The method of clalm 78 wherein sa1d first

_iperlodlc-exponentlal s1gna1 is a . double-exponential
> 51gna1 havzng a frequency between about 0 Hz and 1000 Hz

:yand ‘a second period1c-exponent1a1 signal having a

frequency between about 1000 Hz and 100,000 Hz is

:.'prov1ded to said group of muscles.
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5 to the nultiplier 50. -so—durag—initiak zation of the third switch
126, fourth switch 132 and f| th rﬁ}{]e are opened or .cl osed dependi ng

upon what type oﬁv(;gm%r,l Fol lowi ng initializat p@r/Usd0/06574
t he af orenenti oned sw tches one or nore of 10 the pads are

attached to the patient's b hts where nuscle stinmulation is
desired. Preferably, treatnent is effect ed al onggthe I ongitudinal axis of
the nuscle. Preferably a pad is placed at each end-of the muscle along the

|,039i tudi Ral axis 01;I thef rrus@ll e mid hméﬁulad hes rﬁﬁ;ﬂﬁ!ﬁ étwa..—elhethé/ﬁgw séé&d
pads wit one pad prefer y C oser.tot center t he_bo

the patient. If the rruggFg gglcne% g’fq-' ana(}ntg rrﬁscld(?uLE'ﬁeﬁxPﬁﬁ 'bﬁ’oal
shoul d be pl aced on thélghéht@d[i@rtempnﬁh§lébw ampl ituder ;edudatedst eri or
nuscle is 20 involved, then, thmdagstidiwubd R 4inACes dherBEnd WS PPidma

of the body. IF it is {g ossi bl % t the nuscle along its

| ongi t udi nal axi s, theﬁg Pgn%% &gra[d&éc {’géht of the nuscle can be

effective. In thi's case, 82. An apparatus for use in non-invasively
applying an electrical signal to a structure associated
with the eye of a patient, comprising;

means for conducting the electrical signal, wherein
5 said means for conducting is adapted for application to
‘the exterior surface of the patient; and.

means for positioning said means for conducting on
~the exterior of the patient, wherein a substantial
portion of the electrical signal is applied to a

10 structure associated with the eye of the patient. |
- 83. An apparatus, as claimed in Claim 82, wherein:
said means for conducting includes an electrode
that is adapted for application to the exterior surface
_ of the patient located substantially interior to the
5" ‘bone structure defining the eye socket. ' o
84. An apparatus, as claimed in Claim 83, wherein:
said means for pos1tloning- includes means for

"adjust:l.ng the shape of said means for conducting to

‘accommodate the dimensions of the eye socket of the

5 patient. | '_
S 85. An apparatus, as claimed in Claim 82, wherein: .
_ - said means for positioning includes means for
":"'substantlally stabil:.z:.ng the location of the head of

'the patient. _

' - 86. An apparatus, as clalmed in Claim 85, wherein:

_ said means for positioning includes means for
afdjusting .the posi’cidn of said means for conducting to
""iaccommodate the orlentatlon of the eye socket of the
5" 'ipatlent. '

A 87. An apparatus for use in non-invasively
- applying an electrical signal to a structure associated
'fw1th the eye of a patient, comprising:

- means for generatlng an electrical signal:;

-
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the pads are placed perpendicular to the |ongitudinal 25 axis of the
nmuscl e being treated Once the pads are attached to the patient, the power
supply swiitch 94 % Tﬁiﬁlshebﬂ}ﬁsdeeﬁlkélﬁ&e@l gnal is generated by RCEUS0/06574

apparatus 90 and applled to a the pads. Due to the
af orenenti oned adj ust nent of si xth, and seventh rheostats
146, 148, 150 the peri odic- |f appgéﬁd to the patient, is of
a mnimum anplitude. If the periodic- exponentlal pul se signal is applied to
t he patr’]i eRt its arrs>I6| tudg Gi‘anke fod] condbtitignghkhelééttfvalsistighad)dwherein
seventh rheostats 14 14, 0

aid eansigﬁ} congh ?gg ié Qha'%e seconggﬁﬁ%éggg? to

the periodi c- exponentia Se can be a
104. Further, if the gﬁh¢rﬁ¥§ﬁﬁ@ﬁ§lSP§f§E#rﬂf|E§@dPaF#§n¥féﬁvbncy and duty
cycle can be adjusted by  medhs for positioning said means for conducting -on

"the exterior surface of the patent, wherein a
10 substantial portion of the electrical signal is applied
to a structure associated with the eye of the patient.
88. An apparatus, as claimed in Claim 87, wherein:
said electrical signal having an AC component.
89. An apparatus, as claimed in Claim 87, wherein:
said electr1ca1 s1gnal includes an AC component and
~a DC component.
90. An apparatus, as claimed in Clainm 87, wherein.
said electrical signal 1mparts an electrical charge
to the structure associated with the eye of the patient.
' 91. An apparatus, as claimed in Claim 87, wherein:
_ ~ said electrical signal having a sinusoidal
coﬁponent. o -

92. A method for non-invasively applying an
'electrical signal to a structure associated with the eye
of a patient, compris1ng. '

) | generating an electrical signal, and

5 __i applying said electrical signal to the exterior

| surface of the patient at a location substantially
interior to the bone structure defining the eye socket.
- 93. A method, as claimed in Claim 92, wherein: '
_ .f said electrical signal improves at least one of the
following. the strength the flexibility, and the
facility of a muscle structure associated with the eye.
| - 94. A method, as claimed in Claim 92, wherein:
_  said electrical sigﬁal aids in the correction of
';,one of the follow1ng afflictions, presbyopia, muscle
:himbalance, cataract, glaucoma, 1nflammation, headache,

' 5 1r1t1s, anterior uveitis, posterior uveitis, optic nerve
neuritis,: optic nerve ischenmia, and visual field
defects. _ . ' '

' 95. A method, as claimed in Claim 92, wherein:

,_said electrical signal includes an AC component.

A R | .




mani pul ating the third and fourthrheostars 110, 112. If the gating signal
is not desired, then the sqﬁ eﬁ@k%@g degan be opened. Wth reference to

Fig. 5, anot her ewloosh/omsny s for generating a PCT/US90/06574
peri odi c- exponenti al signal er referred to as apparatus 230,

is illustrated. The apparatu a battery 232 for selectively
provi di ng power to the renai nder of apparatus 23@4 The apparatus 230

al so includes a 10 background si gnal generator 234 for producing a
substantial ly constant peak saspl iaf thd€hsH)cayoyba SidiNaln AWiIRI022 wheSEHUENCY

Qf ~approximately 10- ka)rocfal%'l %ﬂec@:@%ﬂ? ?i%ﬁl#f‘eln% e%t légxeggé gmponggc and

pulse generator 236 for ucin y cons
anpl i tude periodic-pulx® é’lqu&lnenﬁaw ng a frequency ranging from
approximately 40 Hz to 5@¥.Hzan méBRofl| eqseETyinstln €1d8m 88¢ @hbYein:

- ner 236
R N e s
structure associated with the eye.

98. A method, as claimed in Claim 92, wherein:

said ~electrical signal includes a sinusoidal
component. _ |

929. A method for non-invasively applying an
electrical signal to a structure associatéd with the eye
of a patient, comprising:

stabilizing the position of the patient’s head;

5 applying an electrical conductor to the exterior
surface of the patient at a location substantially.
interior to the bone structure that defines the frontal
aspect of the patient’s eye socket;

generating an electrical signal; and
10 causing said electrical signal to be conducted by
said electrical conductor: '
wherein, said electricalisignal_is shaped to impart
a charge to a structure associated with the patient’s
eye.

NI -
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20

the main puls
nodul at or 240

e generator 236, which is also

. by expol®@il al | y mo¥R-BINTHEES

further includes a gradual envel ope generator 238 that is applied to
an envel ope nodul ator 240 to "snooth" the periodic-pul se signal A
applied to the envel ope@gym
TUALTREETS RANISTON | o Nl

pr oGty

si gnal . The gradual envel ope _generator 238 functions in nmuch the same
manner as t he_gr QG 1S TN oW IHE%U(I}'DE]?”EWFOQEER‘T‘?ON.TREATY(PCT
enpl oyed to SuSH tineatvhah Bataneiesimhgndl  pr oduced |y mkditiokdd eubliagds S d Si JNWO 92/07
generator 234 w k@lr‘%%s"srmot hed" periodig-pulse 30 signal output b?/ t he
envel ope modyl at or . The output of thg supn{iiifoteraional Rublicgtion Bageg o 4 May 1992 (14
waveshapi ng, [inversion, bal ance, and power fontrol circuit 244,

her ei naf t er. rigtipintemgionabApplicativh Numbert 24 BCT/UB9/06574 :(ﬂ)tDasisMedpmptég hﬂeﬂ(tdmlpea:: patgené)é Agjlg
waveshapi ng, vk hithg DUELE | 9Y6emibePlBon A 190 “eceﬁ‘&’“ %l&gyfg &, CG (OAPI
si gnal substa\r,@al y |]Eegtﬂat shown in l%ol(gs.- ﬁA—C rﬁt(éﬁémﬁﬁiw gﬁf%eﬁ)rmlj patenxt,f
244 al sa i ncl SiohigQstat s (not shown) for adjpsti $repedn pp : Eu an patent
power of the 39’ gné’ﬁ@h nRHt  bYs id¥enbed 1598 s 1,98 4us (O_A(Plu ;‘L‘:::S,%%%FB (Baropean patent). actgn()z

(71) Applicant: PHYSIODYNAMICS, INC. [US/US]; 7831
West Alder Drive, Littleton, CO 80123 (US). :

(72) Inventors: THOMAS, Gary, E. ; 7831 West Alder Drive,
Littleton, CO 80123 (US). FELLINGER, Michael, W. ;
1590 Quince Avenue, Boulder, CO 80304 (US).

(74) Agents: CLAY, A,, Bruce et al.; Sheridan, Ross & McIn-
' tosh, One United Bank Center, 1700 Lincoln Street, 35th
Floor, Denver, CO 80203 (US).

pean patent), HU, IT (European patent), JP, KP,
LK, LU, LU (European patent), MC, MG, ML (C
patent), MR (OAPI patent), MW, NL, NL (Euro
patent), NO, RO, SD, SE, SE (European patent).
(OA)PI patent), SU*, TD (OAPI patent), TG (OAP
tent).
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(54) Title: APPARATUS AND METHOD FOR ELECTROTHERAPEUTIC EYE TREA;TMENT

'I'lié.i)-fesent- invention involves a method of u"e;ﬁing a 'patient by proﬁ_iding'a siﬂgnal;'that is exponential in character (8:

the patient (84). The signal includes a relatively low-frequency,

constant amplitude, periodic-exponential first component «

Further, the signal preferably includes a relatively high-frequency, periodic-exponential second component (78). The presen
vention also includes 2 method and apparatus for noninvasively applying an electrical signal to a structure associated with
eye of the patient (170). The signal is provided to the stricture associated with the eye in the preferred embodiment of the in
tion by positioning a device for conducting the electrical signal (172a, 172b) at a point on the exterior of the patient that is

stantially interior to the bone structure (224, 226) defining the eye socket. Preferably, the electrical signal is shaped such thz
electrical charge is imparted to one or more structures associated with the eye.

*+ See back of page
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-25- The rheostats associated with the circuit 244 achi eve substantially

the sane effect as the fifth rheostat 72, sixth rheostat 74, and seventh
rheostat 76 showwWO@2MV€7 1. The circuit 244 outputs two of the PCT/US90/06574
appropriately 5 shaped signals, one for, apg of a pair of pads 246a,

246b. However, before the signals are applled t0 the pads 246a, 246b, the
signals are anpllfled by power anplifiers 248a, 248b, and applied to

i npedance mat chi ng CI 250b. The pl.ifiers 248a, 248b, 20
10 i ncrease the go gnhal s out put S rcui t %ﬁ4 70The
|npedance natchlng ' 250h_ red edance)n tch
Pet ween the circuitr ey 2 250D,
and the inpedance of patt=ent ﬂ 15 24164,
246b. By reduci ng any |npedance
+V | PERIODIC-
32 PULSE | :
- |GENERATOR 4
30 | | l |
r______:___' 01 ' f___-
I +V GATE 44 : 68/' /72
| /% oA L ST T4
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the signals produced by the circuit 244 are applied to the patient.
Preferably, the inpedance matching circuits 250a, 250b, include
appropriately woWD®P2/¢76k%f or ners. 20 The operation of the REBA/D0O(PSST4
230 is substantially simlar to that describgg AFh respect to the

enbodi nents illustrated in Figs. 1 and 4. Speei‘ffcally, the battery 232 is

pl aced in the "off" condition so that no power is being amgsmm@f;&{ﬁmmlaced

remai nder of the 25 apparatus 230 and the rheostats assodi
nai n pul se generator 236 and circuit 244 are adjusted so t

gj

signal will be producqd ht pads T46h, 246b, when the a
t¥Urned on. One or WpptH—ppifstbttHe—pads 246a, 246b, are then applied at
the 30 appropriate_IBchtl nlthé phtient and the battery 232 is
switched "on" to apply ppwdr E£D7t He renpi nder of the apparatus 230. The
rheostats associ at ¢@ wt >t 1 pyl sSpQgenerator 236 and circuit 244 are
then adj usted to plpadeetherpppraprtate signal for treating the
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35 patient's affliction. Application of the above-described peri odic-
exponential signal is particulary useful in the treatnent of a nunber of
afflictions of vew@én/are7 -26- animals. Generally in conducti ngPCEAIS90/06574
treatment, it is preferred to apply the signal at a power setting which is
past the point of conplete confort to the pati®ft4dbut bel ow the threshol d

of pain. The application of such a 5 signal is useful 1intreating or
relieving certai R34 ciated with injured tissue in a patient. 230
The present process i alegalise ul in treagting certain probl egg of a ~
patient by stinulati ngl ;’ﬁ The i g'zant megdgyd is advan ous in
nméiscl e stimulation 10 o—other_ele rtherm
tshat fewer treatnents are fequire¢d with thip SS -
ever. B e e T
249 INVERSION, >
SUM BALANCE | POWER T
| AND POWER | AMPS .
CONTROL IMPEDANCE PAD PAIR 246b
MATCHING OUTPUT
_ 2480 - L -
ENVELOPE |, | MAIN PULSE | 2500
24— MODULATOR GENERATION
‘ S
GRADUAL - 2% BATIERY | o=
A ENVELOPE
238~ | GENERATION FIG. 56
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The afflictions and synptons which can be treated are believed to be
associated in some way with tissue damage including wthout [|imtation:

i nfl anmati on; 15wo08201613i on; edenm; henatoma; ul cers; bl ock pl as RETGSP0/E574
in partlcular br adyki ni ns and affecting viral diseases and insect and snake
bites; arthritis synptons; strains; and sp#b/n%- The instant nethod can
advant ageously decrease pain associ ated with a traumatic injury. 20

The present nethod can be pat8@wsylary useful in rpdum ng.| nflm,r_nn The
- process can be useld.o %ﬁpl giRIF Vitis; treat Y

Hot linmted to the achk et 8w_and -ha

met limted to the ankle ar ¥
i'ncl ude the ul nar 1#8ryve), face,
wist; treat synoviti |ncIZ4Q| )
hi p; treat tenosynovitis inclu
arm shoul der, foot, 30 214harg
t r eat ment

220a
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210 206
178, 214 ot 208
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N,
\

can b€ Usgd to reduce or elininate trauma induced edema. The pr eSHAtheTMod
can al so reduce or elimnate hematoma including that of the foot | eq,

thigh, arm  and hand. The treatnent can al so i nduce regeneration of soft 35
ti ssue, bone and nerves. The instant process can be used to: treat certain
ul cers, especially gastrointestinal_uIceﬂs*incIuding particularly peptic
and gastric; intervene in viral. -27- di seases and decrease or inhibit

the increase of Agparatus AESRéthbY foy E1866ro8Rdrageithe 5t fireaeun®! the immune
system stimulate hair growth and regrowth; and initiate cel

dedi fferentiation and the resultlng 5 redifferentiation by unl ocking
repressed genes,

JPLE i 25S. can, } to: block plasma kinins,
in particular EFERSFFFRFASSRISH iejme
5 This is a cont nuation-in-part of application
Serial No. 07/355,422, filgd May 22, 1989 and which is
presently pending.

e e enti¢
The present' invention relates to a method and

apparatus for treating a patient by ﬁroviding electrical
stimulation to the patient.

10

ack ound o e e

Anmong * the ¥nown types of apparatuses for applying
an electrical stimulation to a patient is the
interference tybe apparatus that is used to stimulate

" structures located within the patient’s body, such as
muscles and/or the nerves that control muscle action,
that are reached with relatively high frequency signals,
but are respcasive to relatively low frequency signals.
The interference apparatus operates by app_lying two

" primary signals of relatively high, but slightly
different, frequencies to the patient’s body. The
primary signals, due to their relatively high frequency,
penetrate the patient’s body and reach the

25 aforementioned structures where they intersect and

produce a beat signal having a relatively low frequency
that is equal to the slight difference in the
frequencies of the primary signals. Exemplary of known
interference type apparatuses is U.S. Patent 4,374,524
30 to Hudek (1983) which illustrates the use of a square-
wave signal generator in conjunction with a plurality of
phase-locked looi:s and low-pass filters to produce a -
plurality of sine-wave, primary signals. Also
representative of known interference type apparatuses
35 are U.S. Patent 4,071,033 to Nawracaj et al. (1978), and
U.S. Patent 4,153,061 to Nemec (1979) which, in addition
to providing ¢two primary signals of different
. : . AR L
WT bztes Afﬁ?Oﬂ paged .\ 10 ‘i}s’“gﬂ
W Clk—m(s) pagf*d %10 paged A,

.| ¥ Bawing 3 aged. B to pa;wd %
M’mbﬁ_avt pags" ?z to paged..
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neutiral i ze inset and arachnid bits; neutralize poisonous snake bites, both
prot opl asm ¢ and neurol ogi cal; and 10

anest hetize locally and gl obal ly.
"The instant process can be useful

1 in the alleviation of drug dependency.
The treatnent using the instant signal

can al so be used to nmintain and
I ncrease the range of notion of body |inbs. It can be useful in the

treatnent of 15 strains, including, but not [imted to, ankle, achilles

t endon, abdominal wall, arm back (grades 2t and 2, |unbodorsal region),
back (grades 1

nd 2 acroiliac_regj.on b rades _1.and 2,1 unpar
regi on), chest ?8?‘3?“’38?! a?iﬁﬁn%',“p 'b‘b%ﬁ "?%’lti,"(%r %?‘r? PrARTY flonads
knee, |eg, thigko achieveguariongctherappntic eifacts.coFer exampdd, in '
i ncl udi) ngbbUL ?wadrh&htjeéwboz,sqw&&leem?em pbaﬁhrﬁrgeagaau( apd amp%!ﬁtieégrsal
regi on), bac a 0i i i ar nd 2,
| unbar region), q‘{??g;?tt%go%(?}grﬁ%%n)a, %ﬁ%é’?g-nﬁés}%?'e, 9§§p‘ (ﬁ%&?‘\tgﬁ% and
fingers. R iefsediaing o sine-yave wdanadyi ddh Nenaq dvey sipe-vave,
limted to that mfinid¥y signals are modulated by two low-frequency sine-

‘'wave signals to achieve stimulation at the point of

application to the patient’s body in addition to
producing a beat signal therein.

10 - Another known type of apparatus for applying an
electrical stimulation to a patient’s body is
exemplified in U.S. Patent 4,392,496 to Stenton (1983).
Stenton applies two, apparently, square-wave signals to
a patient’s body in an alternating fashion to achieve

15

nmuscle stimulation and prevent disuse atrophy. Further,
in order to achieve optimal muscle stimulation and
enhance the comfort of the patient, Stenton provides for
the adjustment of several parameters associated with the
applied signals, such as amplitude and frequency.

20 Yet another apparatus for administering an
electrical stimulation to a patient’s body is

i;lustrated_in U.S. Patent 4,580,570 to Sarrell et al.
(1986). The method of Sarrell is characterized by the
application of pulses that have a relatively high

25 voltage, high peak but low average current, and short
duration. Moreover, the apparatus of Sarrell can be
adjusted to apply the aforementioned pulses
continuously, periodically, or in an alternating
fashion.

" 30

Typically, the patient’s body produces electrical
signals, in the form of sensory and

muscle nerve
impulses, ¢that are exponential in

character.
Characteristic, however, of the foregoing apparatuses is

the application of signals, like sine-waves and square-
35 waves, that are alien to the typical patient’s body.
Consequently, the patient can experience a certain
amount of discomfort. Moreover, exposure to such alien
signals can traumatize certain bioclogical structures

This is the replacement sheet
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el bow, ~ foot, hip and knee.

Treatment of el bow. epicondylitis
(tennis el bow) can also

be provi ded. Syrrp_t ons associated with arthritis
cap also be treated, 30 including Reiter's syndrone. Tendonitis, including

that of the achllles el bow and hand can al so be treated. The appllcatlon
of the above-described signal is useful in stimulating nuscles. Afflictions
and synptons associated with nuscle spasns or weakness can be treated 35
with the instant process. The applicati @y_of such a signal is useful in
pronoting the relaxation of nuscle spasns, for exanple, the rel axation:of
nuscl e cranps, assectiatednwiithothe patibntienconselquentlps eheré hexisteat nent
of hi ccups. Lh%ereae?weat néHod! 6 Dipdiribrierapllut it eRabbilne Al
br onchi al nuscles I eve exerC|se i.nduce
i oduces signal or signals that more closely resemble
the exponential character of the patient’s natural
5 signals. There also exists a need for an-
electrotherapeutic method that produces a signal capable
of penetrating the patient’s body and that reduces any

trauma imposed upon biological structures associated
with the patient’s body.

10 Further, others have uéed electrical stimulation to

treat the internal structures of a patient by

penetrating a surface that overlies the structure,
typically by surgery, and then directly applying the
signal to the structure. This is known as an invasive

application of an electrical signal to the structure
that is to be treated.

~ Presently, invasive application of electrical
signals is being experimentally used in treating the
structures associated with the eye that are not directly
exposed. These structures include structures interior to

the eyeball, such as the vitreous humor and the terminal
portion of. the optic nerve,

15

20

as ‘well as structures
exterior to the eyeball, such as the muscles that rotate

the eyeball. 'rypically. electrical signals are applied
to these structures by surgically exposing the
structure, which typically occurs via the roof of the
mouth, and then directly applying a signal to the
afflicted structure using, for example, needle probes.
Typically, this procedure can cause a patient
significant amount of pain, inflame the tissues
associated with the eye, and/or traumatize certain
structures associated with the eye. Moreover, this
- procedure can facilitate infection of the exposed
structures. Further, the procedure is generally
impractical for use in correcting afflictions that may
require multiple treatments..

Consequently, based on the foregoing, there is also
a need for an apparatus and method of non-invasively

25
30

35
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bronchospasm and relieve bronchial cavity congestion. 5 Relief: of

headaches can be achi eved including mgraine, tension and nuscul ar. Relief
of. vascul ar spasms can al so be achieved. The treatnent can al so be used to
rél ax intestinal nmuscle spasmincluding providing relief of diarrhea. 10

Prevention and retardation of disuse atrophy can al so be acconpli shed
exanpl e treatnment of danmage of the thigh hamstring. Simlarly, the

treatment can be used to correct nmuscl e weakness, increase nuscle strength
and i nprove nuscl e tone. The pré&ent process is al so useful for

I - ed i f k
miscl & tone andCPREEE S%Lg %‘% dead r%f#a‘i“ £, BhphLEulls H88Serabed casi g
peri odi c- expon®ithy] hsef gh¥e &on Wreakscrariqus c%??’eiﬁ‘iiﬁﬂ‘sce‘?’f' akaladies
system def ects alspo%ﬂ.ahehannengtrhetmx ousmonts diles vaxdonsatedlicthohse

eyebal | . The Ca@#le‘%eéh%‘%d R ddte e’ d AtaS thatduppriahtYoh! SEUE:
-and reduce goal Q
an 1ectr al "signal may be useful in correcting are:
presbyopia, muscle imbalance, cataract, glaucoma,
inflammation, headac_he, iritis, anterior ureitis,
posterior ureitis, optic nerve neuritis,
ischemia and visual field defects.

for

optic nerve

10 sSummary of the Invention

The present Iinvention involves a method for

relieving symptoms associated with injured tissue in a

particular region of a patient. The ‘method comprises

providing a periodic-exponential signal in that region
is of the patient. _
The present invention also involves a method for
decreasing inflammation in an afflicted region in a
patient by providing in the region a) a first periodic,

double~exponential signal having a frequency between

20 about 0 H and 1000 Hz and b) a second periodic, double-
exponential. signal having a frequency between about 1000
Hz and 100,000 Hz.
In another embodiment, the present invention
involves a method for relieving symptoms associated with
25

injured tissue in a region in a patient.
comprises a)

signal:; D)
signal; c¢)

The method .
providing a first periodic-exponential

providing a second periocdic-exponential
summing the first and second signals to
produce a sum signal; and 4) applying the sum si.gnal to
30 the region of the patient.

In a further embodiment the present invention'
involves a method for improving the relative strength of -
muscles associated with the eyeball. The method
comprises providing a periodic-exponential signal to a

35 . selected group of the muscles.

In another embodiment, <the present invention

involves a method for treating an ulcer by providing a

This is the replacement shest
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not ¥limted to |ower back pain. Cosnetic body alteration can be
acconplished including but not limted 25 to face lift, breast toning,
buttock toning and lifting (tucking). . The process can also be used to
tréat hernias (hiatal). Application of the above-described signal can al so
be used to reduce stress.

The instant process can also 30 be used to
provi de i mmedi ate post-surgical stinmulation of calf nuscle to prevent

venous t hronmbosis. Local bl ood C|rculatLQﬁ.can al so be increased through
use of the instant treatnent. The increase in blood circulation can be

beneficial in tperioddst exppnentisl s{ignal remtthenregiiobon€ thamaki=ntt o

facilitate mendidifhaiiindg that GE8er9f di sl ocations in any joints, (c)
accel erated heal i ng of

spinal injuries. An otanagedmgoaimehtangf(dLh%CCQ E%E?gnhefhvo es
treating tissues infected with a virus by providing a
periodic~exponential signal to the tissue.
A further embodiment of the instant invention
involves blocking plasma kinins from receptor sites in a

region in a patient by prov;ding a periodic-exponential
signal to the region.

5

10 The present invention also provides an apparatus

and method for non-~invasively applying an electrical
signal to a structure associated with a patient’s eye.
The apparatus includes a device for positioning a
conducting device for the electrical signal on an
exterior surface of a patient where a substantial
portion of the applied electrical signal reaches one or
more structures associated with the eye. In the
preferred embodiment of the invention, the device for
positioning 1locates the conducting device on the
20 exterior surface of the patient at a location

substantially interior to the bone structure defining
the patient’/s eye socket.

In operation,

15

the conducting device is positioned
on the exterior surface of the patient at a position
that results in a substantial portion of an electrical
signal being applied in the region of the eye.
Preferably, this involves positioning the conducting
device at a point that is substantially within the area:
defined by the bone structure that forms the frontal
30 aspect eye socket. An appropriate electrical signal is
then applied to the eye via the conducting device. The
preferred electrical signal is shaped such that an
electrical charge is imparted to one or more structures
associated with the eye. A signal that has been found
35 to achieve this is the aforementioned periodic
exponential signal. Another signal that is believed to
be useful in imparting an electrical charge to a

25
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229-49n the treatnent of a patient for nuscle spasns, the nuscle which is

I n spasm shoul d be determ ned. Preferably, treatnent is effected al ong the

| opgi tudinal axis of the nuscle. Preferably a pad is placed at teach 5 :
end of the nuscle along the longitudinal axis of the nuscle with the nuscle
Itself between the pads. If the nuscle being treated is a frontal nuscle,
then the pad should be placed on the frontal part of the body. If a dorsal

or posterior nuscle is involved, then thgupads 10 should be placed n the
dorsal -part of the body. |If it is not possible to treat |ongitudinally,

transverse treajtiitituten aseocibeedi withl thiehieyecdnelutles padinaseig@anced
per pendi cul ar t tﬂq.'é Qli}l#dbggbcgéhé ngdwedé“&ﬁﬂ ,Q g treat ed. For
exanple, if hiccups are transverse stl ‘nul ation of the

di aphragmis pref er BagedoRn p'é\!le c§ﬂr38° dcefie%fral i aivantages of the
sternum The otpmwesqred harertcio ceeal apparenthodyFeosinstancepbbyanbnal | y

opposite togthefii48§vR3Y- applying the electrical signal to the

structure associated with the eye, the present invention
substantially reduces, i1f not eliminates, the amount of
pain, inflammation, and/or trauma associated with
invasively applying an electrical signal to the
structures associated with the eye. Moreover, the
present invention applies an electrical signal to. a
structure associated with the eye while also
substantially avoiding the exposure required in invasive
applications of electrical signals that facilitates

infection of the structures associated with the eye.
Moreover,

10

15

the present invention facilitates <the
treatment of afflictions or maladies of structures
associated with the eye that require multiple
treatments. Currently, the present invention is
believed to be useful in treating the- following .
afflictions that affect the eye and associated
structures: presbyopia, muscle imbalance, cataract,
glaucoma, inflammation, headache, iritis, anterior
ureitis, posterior ureitis, optic nerve neuritis, optic
nexrve ischemia and visual field defects.

20

25

e as O (-}
Fig. 1 4illustrates a first embodiment - of the
- apparatus useful in the invention;

Fig. 2A illustrates several cycles of the sum

signal that is applied to a patient’s body by
apparatus shown in Fig. 1;

\04 =

30 the

Fig. 2B illustrates a portion of a single cycle of

the sum signal that is applied to a patient’s body by
the apparatus in Fig. 1;

35 - Fig. 2C 1illustrates the substantially constant
amplitude periodic-exponential portion of the sum signal

This is the replacement sheet
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The same method of treatnment is preferred for. 20 preventing a retarding
di suse atrophy. Two pad pairs can be used sinultaneously to provide m)re
time- effective treatnent. To increase |ocal blood circulation, the
treatment region nust be determned. If the regionis in a |IITb 25

treatnment is applied transversely be placing a pair of pads so that the
region to be treated |lies between them For exanple, if a knee is being
treated, one pad is placed on the inside the knee while the other pad is
pl aced on the outside of the knee. If the region to be 30 treated is in

the body, traisterse apptiedeto a spatiientrs ybpagf by athe Vappartagrad
bei ng pl aced -orgHdw@ fig,o@-ti Qojtion of the body and the ot her pad pl aced on

t he back part of th bod ce a pad can be used_for nore
efficient tine uti I Ogg"s W ‘i'}@‘?ael eﬂ %s?F@guc?%ebﬁuﬁl es -or
nuscl e groups tm maéié-teéﬂ-zshoul d be determ ned The sanme procedure is

fol l owed assin treatpilw I estPatEs: a T¥E:dR{ dﬁiarr%tus useful in the
invention.

Fig. 5 illustrates anotlier embodiment of the
apparatus useful in practicing the invention;

Fig. 6A is a frontal view of the preferred
embodiment of an apparatus for use in applying an

electrical signal to structures associated with a
patient’s eye;

Fig.
Fig. 6A;

10

6B is a top view of the apparatus shown in
15 Fig. 6C is a side view of the electrode positioning
member of the apparatus illustrated in Fig. 6A:;

Fig. 6D is a detailed view of the electrodes and a
portion of the electrode positioning member illustrated
in Fig. 6aA;

20 Fig. 7 4is a frontal illustration of the

'relationship between the electrode positioning member
and a patient’s eye; and

Fig. 8 is a cutaway side view that illustrates .the

positional relationship of the conducting pads to the

bone structure that defines the frontal a.spect of a
patient’s eye socket.

25

Detailed Pescription

With referénce to Fig. 1, a first embodiment of an
-apparatus, useful in the practices of the instant
method, the electrotherapeutic apparatus 20 (hereinafter
referred to as the apparatus 20), is illustrated. The
apparatus 20 generates a periodic-exponential signal
that is applied to a patient in order to provide the
desired treatnent. The apparatus also, preferably,

generates a periodic-exponential signal that causes
sensory stimulation.

30

35

The term. patient as used herein
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- 30-; can be used. It is preferred to use continuous-on treatment for the
desired period to maximze effect. In the treatnent of calf nuscles to

prevent venous thronbosis, transverse treatnment is preferred. =~ Both 5
_pads are preferably placed on'the md-calf with one pad on the inside of

the leg and the other on the outside. optionally, both |legs can be treated
simul taneously. The treatnent for nmaintaining an increase in the range of

notion invol ves determ ning which joint 10 associ at ed nuscl e groups
are to be treated. Generally, the preferred treatnent is transverse across

t he j oi nt bei ngiidRfe’d. vertébidte | @nlmals,! Nudiicas ankh€nhs) BRbP8WE,ONe
pad is placed O&PI' i
a

% g‘nle hepk QisBt t bei ng pl ace on
the outside relatrve 'tgi%t g %tg'bé%%’gw%“&e%%%;@‘.‘% af‘-resl‘eln " a first pad
shoul d be pl aced The apparatus 20 includes a

. ower supply 22,
preferably a six-volt battery, for providing operating

voltages to the remainder of the apparatus 20. A power
supply switch 24 allows an operator to selectively turn
*on* and %off* the apparatus 20 by, respectively,
connecting and disconnecting the power supply 22 fron
the remainder of the apparatus 20.

' The appératu_s 20 further includes a sine-wave
generator 26 for producing a constant amplitude sine-
wave signal with a frequency ‘of approximately 10-kHz.
The 10-kHz sine-wave signal is within the frequency
range that is typically used to stimulate the sensory
nerves of a patient, i.e., in the range of about 1,000-
100,000 Hz. If frequencies outside of this range are
found to provide sensory stimulation to the patient,
then the frequency of the sine-wave signal 'produced by
the sine-~wave generator 26 can be adjusted accordingly.
Adjustment of the amplitude of the sine-wave signal is,
at least in part, achieved by a first rheostat 28.
Preferably,. the first rheostat 28 is adjusted when the
apparatus 20 is manufactured and is thereafter
inaccessible to an operator of the apparatus 20.

The apparatus 20 further includes a periodic-pulse
‘generator 30 for producing a constant amplitude
. periodic-pulse signal with a frequency ranging from 40
Hz to 500 Hz. The frequency of the periodic-pulse
signal encompasses the frequency spectrum that is

generally used to stimulate the muscles of a patient,
i.e. D.C. to 1,000 Hz.

5
10
15
20
25

30

If frequencies outside of this
range are found to provide muscle stimulation to the

patient, then the frequency of the periodic-pulse sigﬁal
produced by the periodic-pulse generator 30 can be
35 adjusted accordingly. Adjustment of the frequency of

the periodic-pulse signal is provided by a second
rheostat 32.

This is the replacement sheet
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on the edema with the second pad dianetrically opposed thereto. |If the
joint being treated is the shoul der, wist, knuckle or finger joints,
preferably one pad is placed on the front with the other pad placed on the
20 back of the joint. The foot and toe joints are treated by placing one
pad on the top of the joint wth the other pad beneath the joint. In the
treatnent of a hip joint, a renote treatnent technique is used. The pads
are placed over the posterior iliumsligka+y above the 25 gl ut eal

maxi mum  Wen the regqon beldg treated is the back for Ilmaed body

rotation, stiff neci®dt flt LPj the RRRAxathe PO dEng FBELBS, '“%?’&‘h t he
preferred t r eat dentfars Behgctimletml datimige kbeclpewiwlizs-pulise ngigmahnd

ggmﬁn hﬁelde:‘tn apFodiuddd esuoé tﬁ%?dai é:u_ﬂ&@ 3Qeneeaesi~ Pgg pimcegent is
treat nent of uf‘ggf?j}?& pe%g%trg%rh Y, ?tﬁgﬁ I"°§%’?'ed§’§ §§?P€ ﬁﬁﬁnﬁaggrl c,
the preferr&d nepewRtes wealmatmgltm adilave andhd rmgétt thespassage

Af t er of the stimulation periodic-pulse signal to the

patient’s body. The preferred gating means 34 includeJS.

a gating signal generator 36 for producing a periodic-
pulse signal, hereinafter referred to as the gating
10 signal. The period of the gating signal can be adju,st:ed
from approximately five seconds to one minute by a third
rheostat 38. A fourth rheostat 40 allows the duty cycle
of the gating signal to be adjusted from about five
percent to about ninety-five percent. Further included
in the preferred gating means 34 is a grédual on-off
means 42 - for selectively smoothing the rising and
falling edges of the gating signal thereby producing the
effect of gradually allowing and inhibiting the passage
of the stimulation signal. The preferred gradual on/off
means 42 includes a resistor 44 and a capé.citor 46
which, when a first switch 48 is closed, act as a low-
pass filtexr that smoothes the rising and falling edge'é
of the gating signal. The preferred gating means 34
further includes a multiplier 50 for alternatingly
allowing and inhibiting the passage of the periodic-~
pulse signal output by the periodic-pulse generator 30
according to the gating signal. For example, if the
gating signal is zero then the multiplier 50 inhibits
the passage of the periodic-pulse signal. If, on the
- other hand, the gating signal is non-zero, then the
multiplier 50 allows the periodic-pulse signal or a
portion thereof to pass. Additionally, the preferred
gating means 34 includes a second switch 52 for allowing
an operator to selectively allow or inhibit the gating
signal from reaching the multiplier 50. In other words,

the second switch 52 gives the operator the option of

using or not using the gating
Specifically,

15

20

25

30

35

- apparatus 34.
when the second switch 52 is open, the
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35 determning t\he | ocation of the pain, one pad is placed over the point
of pain on the anterior of the body and the other

posterior surface of the body.
(bel ow) or - 31-

treat nent
confort.

the transverse stinulation of the |ynmph,

superior (above) the other.

_ pad is placed on the
Preferably, neither pad is inferior

Preferably a twenty mnute

I's used at maxi mnum anplitude settings consistent with patient

The gener al

spl een. Preferably,
being treated. ghobnyesighblt e tdppidied scdethg mndtipliiethsopadd ame be

Iacedlnlate i 0 | qf
%Or i1y, Wg@hB&ié Gfée Qih%ﬁl ?.st

treatnent technique of viral caused 5 diseases is by

{ge area in the neck and the
the pads are placed anterior and posterior to the organ

10

15

20

25

30

35

- applied ¢to

&&e@nacaamnﬁ e Otm he

used maxi m anppl i tude sett
s closed, &e gatfu ng signal is not

the multiplier 50 and the multiplier 50
allows the periodic-pulse signal to pass unattenuated.
The apparatus 20 further includes a summing amplifier 54
for adding the sine-wave si_.gnal produced by the sine-
wave generator 26 and the periodic-pulse signal output

by the multiplier 50 to produce a sum signal.
of the sum signal,

m nu
second switch 52

One cycle
less any DC component, includes a
first portion and a second portion. The first portion

reflects the sum of the sine-wave signal and the pulse
portion of the periodic-pulse signal. The second
portion reflects the sum of the sine-wave signal and the

oat .
i ng

portion of the periodic-pulse signal when the pulse is

absent. Since the periodic-pulse signal is zero when

the pulse is absent, the second portion of the sum

signal is, essentially, just the sine-wave signal.

Apparatus 20 further includes an AC coupling

capacitor 56 and, a power amplifier 58 and a zener diode
60. The AC coupling capacitor 56 serves, at least in

part, to eliminate any DC component in the sum signal

output by the summing amplifier 54. The AC coupling

capacitor 56 can be either a discrete component or the
capacitance associated with the power amplifier 58 can
be used. Similarly, the zener diode 60 can be either a
discrete component or the breakdown characteristics of
the power amplifier 58 can be employed. Preferably, the
AC coupling capacitor 56 and the zener diode 60 are
realized by using the
characteristics of the power amplifier 58, respectively.
Consequently, the AC coupling capacitor 56 and zener
diode 60 shown in Fig. 1 are representations of the
capacitance and breakdown characteristics of the power
amplifiér 58. The opération of the capacitor 56, power
amplifier 58 and zener diode 60 is now described during
the first and second portions of a single cycle of the
sum signal output by the summing amplifier 54. The

capacitance and breakdown
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conskstent wth patient confort. The optimal treatnent period is three
consecutive days. Certain vision systemdefects can be corrected by 15
balancing the relative strength of various nuscles associated with the
eyeball In the treatnent, one pad pair is. used for treatment of a single
eye. It is preferred that only one eye be treated at a tinme. This
treatment techni que involves "i.ndirect"” -stinulation to 20 the intrinsic

ciliary nuscle since neither |ongitudinalyqior transverse stinulation is
possible. It is expected that mniaturized pads on LONpowers settings are
required. The afjkstudeortiicn dolfe thi usted ehtxyaloptalssesert;htmmedgheof
patient awareneggp a@ﬁ@oirgét 'E%mthte' rB'bv:?e'_i- aﬁﬂﬁ‘i‘f‘ie?e 5'8' Wreed 4@ vdB' €

than five m nut Tot al fﬁ%ge g g %qirom patient to
patient dependi %S‘e Bﬂwﬁﬁea’ﬁﬁ fsq h‘é" FrsR s i

ey the |
using the inst apoweroeepd ifdexelssctiisy dry tlie)odmisiff mm Kitnidoesf mot i t s

receptor sites, dutphd t hfiy! déurrent. The zener diode 60, however,

cooperates with a transformer to maintain a defined
voltage at the output of the power amplifier 58 for the
duration of the first portion of the sum signal.
Further, the zener diode 60 operates to blank out a
substantial portion of the sine~wave signal aspect of
the first portion of the sum signal. Consequently, a
pulse having the defined current is produced at the
output of the power amplifier 58 even though the power
amplifier is operating in the cutoff region. In
addition, while the power amplifier 58 is in cutoff, the
bias voltage supplied by the power supply 22 charges the

capacitor 56. The second portion of the sum signal is

substantially unaffected by the operation of the zener
diode 60. The capacitor 56 and the power amplifier 58
20 do, however, affect the second portion of the sum
signal. Specifically, the capacitor 56 passes the
second portion of the sum signal on to the power
amplifier 58 and discharges the charge accumulated
during the first portion of the sum signal into the

10

15

25 power amplifier 58 . in an exponential fashion. The
discharging of the capacitor 56 results in the second
portion of the sum signal being exponentially amplitude
modulated. Once the capacitoi:- 56 is completely
discharged, exponential amplitude modulation of the

30

second portion of the sum signal ceases and a constant
amplitude steady state is attained. The second portion
of the sum signal also drives the power amplifier into
saturation during a portion of each cycle of the sine-
wave signal that comprises the second portion of the sum
35 signal. Consequently, the power amplifier 58 also clips

a portion of each cycle of the sine-wave signal. 1In
‘summary, the one cycle of the sum signal produced at the
output of the power amplifier 58 includes a pulse, the

This is the'replaceme'nt shest

pate: 2 8 DEC 1958



bradyki nin, any pad placenent can be used. This effect occurs quickly with
upper confort range power settings. The effects appear to be long termin
nat ur e. This effect appears to be directly related to the reduction 35

of inflammation and to the reduction of trauma induced edema. The preferred
means for applying the periodic- exponential signal to a patient .and the
proper pl acenent -32- of the application neans on the patient can be
readily determ ned. The proper placenent.1@k the application nmeans for the
treatment of other afflictions can be readily acconplished to effect the
nost efficient HBirst rpontdon, and /s dlippedecdineevayeabbgnal that isitia

placement will figpendtingn chdponkatdhldy Qhplleudé fhdddliaisa Whhskeangver se
pl acenent of t@omﬂ_cat i on
The apparatus 20 also preferably includes a step-up

transformer for increasing the voltage of the sum signal
existing at the output of the power amplifier 58. In
the preferred embodiment the step-up transformer is a
1:10 step-up transformer 62. The sum signal at the
output of the step-up transformer 62 1is, following
further processing discussed hereinafter, distributed to
means for applying it to the patient. In the embodiment
illustrated in Fig. 1, the sum signal output by the
step~up transformer 62 is, int he preferred embodiment,
distributed to a first pair of pads 64 and a second pair
of pads 66 that are applied to the patient’s skin.
Alternatively, the sum signal can be distributed to
applicators, such as point applicators, that can be
moved over the patient’s skin during treatment. other
means for applying the sum signal to the patient include
an internal applicator that is inserted into the body of
the patient, such as a needle electrode, and a remote
applicator, such as a transmission antenna. -

' A double-pole, double-throw switch 68 allows an
operator to change the polarity of the sum signal
applied to the first and second pairs of pads 64,66.

" The apparatus 20 further includes a shaping means
that is used to exponentially shape the sum signal
output the transformer 62 and applied to the patient by -
the first pair of pads 64 and/or the second pair of pads

30 66. With reference to a single cycle of the sum signal,

exponential shaping results int he rising and/or falling
aspects of the first portion of the sum signal including
an exponential component. Exponential shaping also,
preferably, results int he rising and/or falling aspects
of each cycle of the sine-wave signal comprising the
second portion of the sum signal including an
exponential component. Preferably, the shaping means is
used to impart a double-exponential character to the sum

10

15

20

25

35
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“nmeans being initially tried. Wth references to Fi gs. 6A-D, a preferred 10
enbodi nent of an apparatus for use in applying an electrical signal to a

structure associated with the eye of a patient 170, hereinafter referred to
.as apparatus 170, is illustrated. The apparatus 170 includes first and
second el ectrodes 172a, 172b, for conducting an 15 electrical signal of

which at |east a portion is to be applied to a structure associated with a
patient's eye. First and second el ectrodgé 172a, 172b, are adapted for

application to the exterior surface of a“patient and are. preferably nade of
a conductlve G

oie ] Zvﬁﬂafélmh 26he "21B8Lhg! anaSy@AN1iag ua@escmdw;ﬁé ng
car boni zed bm

er..t t rk
The first and secontms%‘? ’?Aro ‘fgé Aq%?%gmnter ageeaévt\ﬁ% O(?év tes for
generating el ectinenyave 1s ABwhkhe nserepd portion,@f thei gum; signah
second el ectri cihicliide Iaeadzexb?:ﬁantiillb camporientst an®Preferablgpnnelyé or s

176a, 176b.g shaping means includes an inductor-resistor network
comprising an inductor 70, a fifth rheostat 72, a sixth

rheostat 74 and a seventh rheostat 76. The inductor 70

can be either a discrete component or incorporated into

the transformer 62. The inductor 70, the fifth rheostat

10 72, sixth rheostat 74, seventh rheostat 76 and the
electrical load provided by the patient cooperate to

exponentially shape the sum signal existing at the first
pair of pads 64. While not wishing to be bound by
theory, it is believed that the following explanation
correctly models the interaction of the shaping means
and the patient in exponentially shaping the sum signal
produced at the first pair of pads 64. The inductor 70,
£ifth rheostat 72 and sixth rheostat 74 define, at least
in -part, the ~L/R” exponential time constant that
determines the exponential character of the sum signal
applied to the patient by the first pair of pads 64.
The electrical 1load provided by the patient also
defines, at least in part, the ~“L/R* exponential time
constant that determines the exponential character of
the sum signal applied to the patient by the first pair
of pads 64. Specifically, the inductor 70 defines the
*L” portion of the exponential time constant and the
fifth rheostat, sixth rheostat and resistance provided

by the patient across the first pair of pads 64
30 determines the #R*

constant.

15

20 -

25

. portion of the exponential <time
The resistance across the first pair of pads
64 is substantially infinite when they are not attached
to a patient. Consequently, the exponential jt:iiue_
constant approaches zero and the sum signal output by
the transformer 62 is substantially unaffected. 1f,
however, the first pair of pads 64 are attached to a
patient, then a non-zero exponential time constant is
established and the sum signal is shaped accordingly.

35
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The apparatus 170 further includes a positioning device 178 for
positioning the first and

second el ectrodes 172a, - 172b, at a preferred
- paint on the 30 exterior surface of the patient for applying electrical
signals to structures associated with the eye of the patient. Mor e

specifically, the positioning device 178 positions the first and second

el ectrodes 172a, 172b, on the exterior -surface of a patient at a | ocation
that is 35 [

substantially interior to iyie area defined by the bones that
formthe frontal aspect of the eye socket, the Supraorbital Ri dge and the
Zygona or thaSpbmiiicahbyposkmhompupthwtceekt&Hmtﬂnmbs a bssaiwenrber
180 that = -33g eeméésa&aég Q&‘i‘i@%dﬁéﬁrx“&é' H&Eb% fi%ﬁ fif
Supported by t % |caI vES i rst
cross nember 1§ﬁ %%“l °r 7°'

éos 72 and
sixth rheostat 74,

defines-a non-zero exponential time
5 constant. Consequently, the exponential character of
the sum signal applied to the patient is defined in part
by the resistance provided by the patient, i.e., the sum

signal accommodates to the patient. The patient is

roughly modeled as a resistance in series with a large
10 capacitor. The #RC* expongntial time constant

associated with the patient is relatively large with

respect to the aforementioned #~L/R¥

time constant.
Consequently,

the capacitance associated with the
patient is relatively insignificant and can be ignored
for purposes of explaining the interaction between the
patient and the shaping means. Adjustment of the fifth

rheostat 72 and/or the sixth rheostat 74 alters the
exponential time constant and,

15

hence, the exponential
character of the sum signal applied to the patient by

the first pair of pads 64. In addition, adjustment of
the fifth rheostat 72 and/or the sixth rheostat 74
affects the amplitude of the sum signal applied to the
patient by the first pair of pads 64. The inductor 70,
fifth rheostat 72 and seventh rheostat 76 operate in an
identical fashion with respect tot he sum signal applied
to the patient by the second pair of pads 66. A shaping
means that does not interact with the electrical load
provided by the patient is also feasible. )
Figures 2A and 2B illustrate the sum signal applied
to the patient by either the first pair of pads 64 or
the second pair of pads 66 with the double-pole, double-
throw switch 68 in a first orientation. The sum signal
includes a substantially constant amplitude, periodic-
exponential portion 78 suitable for muscle stimulation.
The sum signal also includes an exponentially amplitude

modulated, clipped, periodic-exponential portion 80.
shown in Figs. 2A~2C, the
modulation

20

25

30

35

As
exponential - amplitude
eventually terminates and a clipped,
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the €hin area of the patient. The first cross nenber 5 184 includes a
first horizontal nenber 186 on the upper side of which is |ocated a chin
pad 188. . The first horizontal nenber 186 includes first engagi ng menbers
190a, 190b, for contacting the first and second vertical menbers 182a,

. 182b. The first cross nenber 184 further 10 I ncl udes first adjustnent

screws 192a, 192b, for fixing _the first cross nmenber 184 at a particul ar

vertical position on the first and secongsvertlcal menbers 182a, 182b. The
positioning device 178 al so includes a s€cond cross nenber 194 for use in

supporting the :fe&ﬁ.@h‘i&deiﬁoneﬁwpnsﬂﬁnﬁfﬂe sRati&diits. Thehse

rj_q,ggaoss
menber 194 i ncl h ont,al th .S cur

conformto the pltiore %ggﬂo Q%éft ﬁé‘gpyge f sjnt ?’é‘ntﬂAttgche t §Fhe side
of the second W%‘F@a?’ rrbb? dowbierpala., Mﬂet‘ﬁbrﬁﬁwmds g8 dahead

rests is 20 afwaimtl madehtdtiohbe secondefuenty) al thenmexipha,
i ncl udes S€co

Blr AW dipon gﬁs&ssiaﬁgf 82284Pp1g  Osc LY Gl | T St
and second vertic mage or oppos%g‘e polarity of the corresponding clipped,
ppe
periodic-exponential signals shown in Figs. 2A and 2B.
Figure 3 shows a natural signal 84 produced by a
human patient. The natural signal 84 includes a double~-
exponential portion 86 that corresponds to the constant
amplitude, periodic-exponential signal 78 produced by
the apparatus 20. The natural signal 84 also includes
an exponentially ampl:ltude modulated portion 88 that
corresponds to the exponentially amplitude modulated,
15 clipped, periodic-exponential signal produced by the
apparatus 20. Consequently, the sum signal produced by
the apparatus 20 corresponds, at least in part, to the
signal 84 naturally produced by the human patient.
Operation of the apparatus 20 .includes an
initialization phase where the power supply switch 24 is
placed in the #“off” position to insure that when the
pads are B subsequently applied to the patient -an
undesirable signal is not also applied to the patient.
Initialization also involves setting the fifth, sixth
and seventh rheostats 72, 74, 76 for maximum attenuation
to insure that the minimum amplitude sum signal is
applied to the patient when the power supply switch 24
is closed. Further, the second rheostat 32 is set such
that the periodic-pulse generator 30 will produce a
periodic-pulse signal having a frequency at or about the
mid-range of possible frequencies when the power supply
- switch 24 is closed. Also during initialization, the
third and fourth rheostats 38, 40, are set such that
when the power supply switch 24 is closed, a gating
signal will be produced by the gate signal generator 36
that has a frequency in the mid-range of possible
fregquencies and a duty cycle of about fifty percent.
During initialization, the second switch 52 is opened to

10

20

25

30

35
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182h. Second adjustnment screws 202a, 202b, are provided for adjusting the
vertical position of the second cross 25 menber 194 on the first and
second vertical nenbers 182a, 182b. The elenents of the positioning

device 178 described thus far serve to stabilize the patient's head during

application of an electrical signal to a 30 structure associated with
the patient's eye. More specifically, the first cross nenber 184 and the
second cross nenber 194 are vertically pasiti

)qsd.tioned on the first and second
vertical nenbers 182a, 182b, using the first adjustnent screws 192a, 192b,
and the second gréwsd "BERat3d théCrgu€ing028ignad)2hs ntéaomdatﬁe the

G rons onel L5 F  S lg BB oE 4, B Bl
f or ehead pad 196ddi5%%%3&11(/el ythe first switch 48 is closed during
injtialization so that when the power supply switch 24
is closed the gating signal produced by the gate signal
generator 36 is smoothed before application to the
multiplier So0O. Following initialization of the
aforementioned switches and rheostats, the first pair of
pads 64 and/or the second pair of pads 66 are attached
to the patient’s body at the points where mnuscle
stimulation is desired. Preferably, treatment is
effected along the longitudinal axis of the muscle.
Preferably a pad is placed at each end of the muscle
along the longitudinal axis of the muscle with the
muscle itself between the pads with one pad preferably
placed closer to the center of the body of the patient.
If the muscle being treated is a frontal muscle, then
the pad should be placed on the frontal part of the
body. If a dorsal or posterior muscle is involved, then
the pads should be placed on the dorsal part of the
body. If it is not possible to treat the muscle along
its longitudinal axis, then transverse treatment of the
muscle can be effective. In this case, the pads are

placed perpendicular to the longitudinal axis of the
25 muscle being treated.

5

10

15

20

Once the pads are attached to the
patient, the power supply switch 24 is closed and. the
apparatus 20 generates the sum signal comprising the
substantially constant amplitude, periodic-exponential
signal 78 and the exponentj.ally amplitude modulated,

30 clipped, periodic-exponential signal 80. The sum signal
is applied to the patient via the pads. Due to the
aforementioned adjustment of the £ifth, sixth and
seventh rheostats 72, 74, 76 the sum signal applied to
the patient is of minimum amplitude. At this point the

35

exponential character and amplitude of the sum signal
being applied to the patient can be adjusted using the
fifth rheostat 72 and the sixth or seventh rheostats 74,
76. In addition, the frequency of the periodic-pulse
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-34-:Consequently, the elenents of the positioning device 178 descri bed

thus far stabilize the patient's head in substantially one position for

application of an electrical signal to a structure associated with the 5

" patient's eye. One advantage of the elenments of the positioning device 178
described thus far is that the patient can quickly and easily renove their
head fromthe positioning device 178 if sonething should go wong in

applying the electrical signal to a struygture 10 associated with the

patient's eye, thus reducing any possible danage that may result from

appl i cation of pbetbbRCiof Cehe Sisgmalsig¥ peant beni s ulbedc eudiffly athe

I ncl udes an ele | me r 0 first

and second el ectgru: 98 ﬁ"& 'ots‘l:QE%‘:h at ”gﬁpu%iz% gglos‘lﬁ{eé eg%erl l%%f -'thle _

patient that is9% HSFX PaOfy the gatdng Y chedpb¥e

structure corrprmanﬂgulhbiﬁqot\hal thtpéctmdffwv;h|mﬁds§:a@ﬁe3socltet. If

5 the gating signal is not desired, then the second switch
52 can be closed.

Figure 4 illustrates a second embodiment of the

invention, i.e., the electrotherapeutic apparatus 90
(hereinafter referred to as the apparatus 90).

10 Apparatus 90, in contrast to apparatus 20, does no sum a
sine-wave signal and a periodic-pulsé signal. Rather,
apparatus 90 applies the a periodic-exponential signal
suitable for sensory stimulation and a periodic-
exponential pulse signal suitable for muscle stimulation
to the body of the patient over separate paths. The
. apparatus 90 allows an operator to control whether the
périodic-exponential signal suitable for sensory

stimulation, periodic-exponential pulse signal suitable

for muscle stimulation or both signals are applied to

20 the patient. The apparatus 90 also allows the operator

to selectively blank, exponentially amplitude modulate,
and clip -the periodic-exponential
sensory stimulation.

The apparatus 90 includes a power supply 92 .and

15

signal wused for

25 power supply switch 94 which operate in a substantially
similar fashion to the power supply 22 and the power
supply switch 24 of apparatus 20. :

The apparatus 90 further includes a periodic-
exponential signal generator 95 for producing a constant

30

amplitude periodic-exponential signal having a frequency
appropriate for stimulation of the sensory nerves of a
patient. The preferred periodic-exponential signal
generator 95 includes a periodic signal generator 96 for
outputting a constant amplitude periodic signal.
35 Preferably, the power associated with ¢the periodic

signal output by the periodic signal generator 96 is
sufficient to penetrate the patient’s body. aAmplitude
adjustment of the periodic signal output by the periodic
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The el ectrode positioning menber 204 includes a first 20 clanp nmenber 206
and first set screw 208 for attaching and adjusting the position of the

el ectrode positioning nmenber 204. with respect to the first vertical nenber
182a. The first clanmp nenber 206 al so includes a hole 210 -for receiving
one end of a z-shaped rod 212. The 25 rotational position of the

z-shaped rod 212 with respect to first clanp nenber. 206 -and the positioning
device 178 can be adjusted using a secdBd set screw 214 that engages the

first clanp nber 206. Attached to the _second end of the z-shaped rod 212
is a second GigRglzgensEaler 966 SAPFHViﬂeSePYsErégFEEBr%‘F?% t9fe

rotational pdyeferabdy,t khesdipst othegstatnisd ixladbistied evtien e z- shaped
rod 212 to bapshretes 9ot aghed danhifeceasead ahanp i@eMiderddedd,e first

and second el gct nting nbers..22Qa, 220b.. A foprt et screw 222
all ows the 35&%‘{5’%%%%%%%0% og’e%ﬂ' Fr,sfagﬁalseafﬁﬁn I Z‘E’froﬂ? nmount i ng
nmenbers 220a,Peximdia ospgnalj ganeraterac86miamt bavae wiartuiaddy saaci ng

bet ween the behegse tdfzice the preferred periodic-exponential generator

95 includes a wave-shaper 100 that is designed to modify
the shape of whatever signal is being output by the
periodic signal generator 96 to produce a constant
amplitude periodic-exponential signal. For example, if
the periodic signal generator 96 is outputting a
constant amplitude square-wave signal, then the wave-
shaper is designed to modify the square-wave shape to a
periodic-exponential shape. Exponential shaping of the
periodic signal output by the periodic signal generator
results int he rising and/or falling aspects of “the
pe'riod:lc_ signal having an exponential component.
Preferably, the wave-shaper 100 ‘imparts a double-
exponential character to the periodic signal where both
the rising and falling aspects have an exponential
conponent.

’ The apparatus 90 further includes a periodic-pulse
signal generator 102- for generating a periodic-pulse
signal having a frequency suitable for muscle or motor
25 stimulation of a patient. The frequency of <the

stimulation pulse signal output by the stimulation
periodic pulse signal generator 102 is adjusted by
manipulating a second rheostat 104.

The apparatus 90 further includes a gating means

10

15

20

30 106 that alternatingly allows and inhibits the passage
of the periodic-pulse signal.  The preferred gating
means 106 includes a gating signal generator 108 for
producing a gating signal. The period and duty cycle of
the gating signal produced by the gating signal

35

generator 108 can be adjusted by, respectively, a third
rheostat 110 and a fourth rheostat 1l2. A gradual
on/off means 114, preferably comprising a resistor 116,
a capacitor 118 and a first switch 120, provides an
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defi-ne the frontal -aspect of the eye socket. To -35- insulate the
first and second el ectrodes 172a, 172b, fromthe 'second clanp nenber 216,
which is presently nmade of . an electrically conductive material, the first
"and second el ectrode nounting nenbers 220a, 220b are 5 coated with an

I nsul ating material, such as insulating rubber or therno-plastic. The

el ectrode positioning nmenber 204 positions the first and second el ectrodes

172a, 172b, relative to the bone structungthat defines the patient's eye
socket 10 after the patient's head is stabilized against the chin paid

188 and f or eheadperaktdi®8whtht ithef i spticrt cof mmbehingd thied sixiary andss
menber 194, respeti inel dagdd HEnY ghbe Eignhl SShcr Huk 4% pkbeoglect rode
positioning menbey 202;580 P VEELASA 1Y S5 LT8G WSl e £rom
the patient. A first multiplier 122 gates the periodic-
pulse signal produced by' the periodic-pulse signal
generator 102 according to the gating signal. a second
switch 124 provides an operator with the option of using
or not using the gating apparatus 106. _
The apparatus 90 further includes a third switch
126 that gives an operator with the option of providing
or not providing the background periodic-exponential
signal output by the waive-shaper 100 to a means for
applying the signal to the patient. Specifically, if
the <third switch 126 is open then the pericdic-
exponential signal is not applied to the patient. When
the third switch 126 is closed, the periodic-exponential
signal is applied to the patient using one or more pads
attached to the patient’s skin. Preferably, a first pad
128 and a second p'aici 130 are employed to apply the

20 periodic-exponential signal to the
Alternatively,

10

15

patient.
the periodic-exponential can be applied

"to the patient’s skin using a point applicator that can
be moved over the patient’s skin during treatment.
Other means for applying the periodic-exponential signal
to the patient include an internal applicator, such as a
needle electrode inserted into the body of the patient,
and a remote applicator, like a transmission antenna.
The apparatus 90 further includes a fourth switch
132 for providing an operator with the option of
applying or not applying the periodié-pulse signal to
the patient. Specifically, when the fourth switch 132
is open, the stimulation periodic-pulse signal is not
applied to the patient. However, when the fourth switch
132 is closed, the periodic-pulse signal output by the
first multiplier 122 is applied to a power amplifier 134
which amplifies the periodic-pulse signal.’ The
amplified' periodic-pulse signal is then applied to a
regulator, which in the preferred embodiment is a zener

25

30

35

This is the replacement shesi

oate: 2 8 DEC 199



15 . vertical nenber 182a at the appropriate level to accommodate

the vertical position of the patient's eye socket. Mor eover, the
rotational position of

the el ectrode positioning menber 204 with respect
to the first vertical nmenber 182 can al so be established to 20
accommpdate the orientation of the patient's eye socket relative to the

positioning device 178 using the first set screw 208. The rotational
position of the z-shaped rod 212 relative to the first clanp nenber 206 and
t he positioning devi ce 178 can al so be ®8%9abl i shed using the 25

set screw 214. typ| IIy used OV t e firgt and £con
el ect rodes 1725“@ owar'gge a??@% f’r&’ cgﬁf'ei’eof | h‘i HHTSht ' s
face. The roF&P‘PSﬁ&F‘:pGﬂ thhen 1619-% we ceharastenistish@f ke rpdwsy ve to
the z- sﬂapeﬂ r ashpd 12iapd 13ke qaabiné OBRPTOYEA. demucel e pkttesseas bl tisded g
using the thir t esfi econ
el ectrodes 172%’&1%%2@?.5,[ 0 %ééboes)lllél %%’Z%B%@ﬁﬂe ) SE %L Qﬁé?j‘gg &

comm e of T he
“patient's &e SHEAPIR fore increasipgcth e voltage of the
. periodic~pulse signal.

In the preferred embodiment of
apparatus 90, a 1:10 step-up transformer 138 is used.

The periodic-pulse signal output by the transformer
138 is, following processing described more thoroughly
hereinafter, distributed to means for applying it to the
patient. In the embodiment illustrated in Fig. 4, the

periodic-pulse signal is applied to a patient using one

or more pads attached ¢to the
Preferably,

second

10

patient’s skin.
a third pad 140 and a fourth pad 142 are

used to apply the periodic-pulse signal to the patient.
Alternativé.ly, the periodic~pulse signal can be applied
to the patient’s skin using a point applicator that can
be moved over the patient’s skin during treatment.
Other means for applying the periodic-pulse signal to
the patient include a device inserted into the interior
of the patient' s body, like a needle electrode, and a
remote appli.eator, like a transmission antenna.

The apparatus 90 further includes a shaping means
that is used to exponentially shape the periodic-pulse
signal output by the transformer 138 and applied to the
patient by the ¢third and fourth pads 140, 142,
Exponential shaping of the periodic-pulse signal results
in the rising and/or falling aspects of the pulse in the

periodic-pulse signal include an exponential component.
30 Preferably, <the

15

20

25

shaping means imparts a double-
exponential character to.the periodic-pulse signal where

both the rising and falling of the pulse in each cycle

of the periodic-pulse signal include an exponential

component. Preferably, the shaping means includes an

inductor-resistor network comprising an inductor 144, a
fifth rheostat 146, a sixth rheostat 148, and a seventh
rheostat 150. The inductor 144 can be either a discrete
component or 1ncor§orat:ed into the transformer 138. The

35
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of the patient's face. The fourth set screw 222 allows 35 the verti cal
spacing of the first and second el ectrodes 172a, 172b, to be adjusted to
accomodat e the vertical spacing between the upper portion of the patient's
eye socket and the |lower portion of the patient's eye -36- socket. More
specifically, the fourth set screw 222 allows the first and second

el ectrodes 172a, 172b, to be positioned,al a location substantially
interior to the area defined by the frontal edges of the patient's eye 5
socket, the SupidwsbtorareBiegobonetitiriandopeeatygpneasr pheviodne 226.

I n operation, fald ' | apil i | ust antl .position
usi ng t he appa‘?iat us %‘#O %%/a?ﬁ??%g??é gg u ?iqﬁh%?ﬁegéérﬁacg'}wiﬂ&tgens of
the Tirst 10 RETQIFSRRbSS; siomaY PREPLE b dhe Jranssrrmer 1138 oty

that the periodic-pulse s_igx'\als applied to the patient

by the third and fourth pads 140, 142,
amplitude periodic-exponential signals.

A double-pole, double throw switch 152 allows an
operator to change the polarity of the constant
amplitude periodic-exponential signals applied to the
patient by the third and further pads 140, 142.

The apparatus 90 also includes a blanking, clipping
and exponentially amplitude modulating circuit 154 for
blanking the -periodic-exponential signal output by the
wave sl_xapér 100 when a pulse associated with the
periodic-exponential signal output by the multiplier 122
is present and clipping, together with exponentially
amplitude modt}lating , the periodi.c-}exponential signal
otherwise. The blanking, clipping and exponentially
amplitude modulating circuit 154 is comprised of a fifth
20 switch 156, a blanking, clipping and exponential

amplitude modulating signal generator 158 and a second
multiplier 160. The blanking, clipping and exponential
amplitude modulating circuit 154 operates such that when
the fifth switch 156 is closed, the blanking, clipping
and exponentially amplitude modulating signal generator
158 produces a signal that, upon application to the
second multiplier 160, results in the periodic-
exponential signal being blanked during the presence of
a puélﬁse associated with the periodic-exponential pulse

30 signal and clipped, ¢together with exponentially
: amplitude modulated, otherwise.

5 are constant

10

15

25

With reference to Figs. 2A-2C, the various signalé
that can be applied to the patient by manipulation of
the third switch 126 and the fourth switch 132 are

35 illustrated. When the third switch 126 is closed and
the fourth switch 132 is open, a constant amplitude,
periodic-exponential signal 82 having a frequency
suitable for sensory stimulation is applied to the
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the f#irst adjustnment screws 192a, 192b, and the second adjustnent screws
202a, 202b, to accommpdate the dinensional characteristics of the

patient's head. Once the appropriate adjustnments have been nmade the patient
15 places their head such that their chin engages the chin pad 188 and
their forehead engages the forehead pad 198. Having stabilized the position
of the patient's head, the el ectrode positioning nenber 204 is then used to
position the first and second eIectnmﬂ%?ﬂ]Za 172b, 20 substantially

fl ush agai nst teri f e Ny $¢ € L{{bséﬁn interior
to the bone sb %ﬁg ﬁ?e th'ﬁ'{m'p Fﬁnes t ;Er‘gl'nt hfl %e%ts 0 e“f) tiefit’ s eye
socket. More SPBEER; cs¥iteh  33% ; ds; §&Ps§€reV\F2 ongiant; o appd ifudescr ew
214, and the peridddei~expavetifahlr esib‘nahsemtmai;ngst athefweh n of the
first and secgadegbgse! I £8ES wlsdh 1;@1 \ﬁ.‘d%'iohhai th t in the
aforerrentloned gﬁgil)hl on, 6“ ?1 #git and ecgn e‘l’ectrogﬁ’a %%a 172b,
are posit Pone®2kteple aFbeENEAL roﬁgﬂ rd; gyd ?‘ﬁel?%lﬁ'ﬂl the fourdh 222 is
switch 132 are closed, both of the constant amplitude
periodic-exponential s:lgnal 78 and the periodic-
exponential signal 82 are applied to the patient.
Further, if both the third switch 126 and the fourth
10 switch 132 are closed, then the €fifth switch can be
closed to blank, clip and exponentially amplitude
modulate the periocdic-exponential signal 82. Once the
appropriate signal or signals have been selected then
the operator can manipulate the rheostats to further

modify the signal or signals being applied to the
patient.

_)

15

Operation of the apparatus 90 includes an

initialization phase where the power supply switch 94 is

placed in the ”off” position to insure that when the
20 pads are subsequently applied to the patient an

undesirable signal is not also applied to the patient.
Initialization also involved setting the fifth, sixth
and seventh rheostats 146, 148, 150 for maximum
attenuation to insure <that the minimum amplitude
periodic-exponential signal, if selected, is applied to
the patient upon the closing of the power supply switch
94. Further, the second rheostat 104 is set such that
the periodic-pulse generator 102 produces a periodic-
pulse signal having a frequency at or about the mid-
30 range of possible frequencies. Also during

initialization the third and fourth rheostats 110, 112,
are set such that upon the closing of the power supply
switch 94 a gating signal is produced by the gate signal
generator 108 that has a freguency in {:he mid-range of
possible frequencies an a duty cycle of fifty percent.
During initialization, the second switch 124 is closed

to insure that the gating signal is applied to the
multiplier 122 when the power supply switch 94 is

25

35
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30 ubed to adjust the vertical spacing between the first and second

el ectrode nounting nenbers 220a, 220b, such that _ the vertical dinension of
the: patient's eye socket is acconmpdated. A structure to acconmobdate the
horizontal 35 dinension of the patient's eye socket has not been found to
be necessary as of this tinme, but a structure for adjusting this aspect of
the first and second el ectrodes 172a, 172b, is, of course,. feasible.

Mor eover, an -37- adjustnent for hori28nmtally off-setti ng the position
of the flrst and second el ec des_172a, 17 th.re pec one anot her
is also feasibl 195Ky ti“&ﬂétf‘g nally, ofh ﬁs%ﬂgﬁy i d"r’s fARSRS t he

first and seconddwring| é@ﬁ-tédbtza_ﬁmt S?:thhahdéﬂatdehmiy Rower deupply away

fromthe patientswitcl¢eossial tdokeasithec gating signal produced by the
gate signal generator 108 is smoothed before application

5 to the multiplier 50. Also during initialization of the

third switch 126, fourth switch 132 and f£ifth switch 156
are opened or closed depending upon what type of signal
is desired. Following initialization of the
aforementioned switches and rheostats, one or more of:
the pads are attached to the patient’s body at the
points where muscle stimixlqti.on is desired. Preferably,
treatment is effected along the longitudinal axis of the
muscle. Preferably a pad is placed at each end of the
muscle along the longitudinal axis of the muscle with
15 the muscle itself between the pads with one pad
preferably placed closer to the center of the body of

the patient. If the muscle being treated is a frontal
muscle, then the pad should be placed on the frontal
part of the body. If a dorsal or posterior muscle is
involved, then the pads should be place don the dorsal
part of the body. IF it is not possible to treat the
muscle along its longitudinal axis, then transverse
treatment of the muscle can be effective. In this case,
the pads are placed perpendicular to the longitudinal
axis of the muscle being treated. Once the pads are
attached to the patient, the power supply switch 94 is
closed and the desired signal is generated by the
apparatus 90 and applied to the patient via the pads.
Due to the aforementioned adjustment of the £ifth,
sixth, and seventh rheostats 146, 148, 150 the periodic-
pulse signal, if applied to the patient, is of a minimum
amplitude. If the periodic-exponential pulse signal is
applied to the patient, its amplitude can be adjusted
using the fifth, sixth and seventh rheostats 146, 148,
35 150. In addition, the frequency of the periodic-
exponential pulse can be adﬁusted using the second
rheostat 104. Further, if the gating signal is being
uséd, its frequency and duty cycle can be adjusted by

10

20

25

30
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Oncexthe first and second el ectrodes 172a, 172b, have been appropriately
positioned using the positioning device 178, an electrical signal can then
be_applied to 10 the first and second el ectrodes 172a, 172b, that results

in an electrical signal being applied to one or nore structures associ ated
with the eye. These structures include structures interior to the

eyebal |, such as the vitreous hunor, as well as structures exterior to the
15 eyebal |, such as the nuscles that rotate the eyeball. Preferably, the

signal that is applied to the structure—-a4sociated with the eye is the
signal illustrateq in Figs. 2A through 2 nd Fig. 3, and produced by the
appar at uses sh&WHqPHIPFégg ey TR san 3?35 H%ﬂﬁqg%Qgs 130+t 124 gnal
shown in Figs. ZEA-Gheindafingg Sigmalhdks t hetsdgsiregosfbenethe shepond hat i s
believed to resWiitchn124 ehRChéi 6péné&dar ge being inparted to one or nore

structures associ at it e. Thi angbe _ L.h Ei.as,..2A.and_.2B
where a greater 'porj‘t‘%l;'(%:\r‘]Sf O?e{%en?{egng; -iFZi 5 5'b<§§1(;%\%%t e ‘Lz:‘g%)djv%er'}t I?ﬁe t han
i s above the zaRparxatus for generating a periodic-exponential signal

230, hereinafter referred to as apparatus 230,

is
illustrated.

The apparatus 230 includes a battery 232
for selectively providing power to the remainder of
apparatus 230. The apparatus 230 also includes a
background signal generator 234 for producing a
substantially constant peak amplitude sine-wave signal
having a frequency of approximately 210-kHz. Also
included in the apparatus 230 is a main pulse generator
236 for producing a substantially constant peak
15 amplitude periodic-pulse signal having a frequency

ranging from approxiﬁately 40 Hz to 500 Hz. The
frequency, amplitude, and duty cycle of the periodic-
pulse produced by the main pulse generator 236 can be
adjusted using rheostats (not shown). The apparatus
further includes a gradual envelope generator 238 that
is applied to an envelope modulator 240 to “smooth” the
periodic-pulse signal produced by the main pulse
generator 236, which is also applied to the envelope

modulator 240, by exponentially modulating the periodic-
25 pulse signal.

10

20

The gradual envelope generator 238

functions in much the same manner as the gradual on—-off

means shown in Fig. 1. A summer 242 is employed to sum

the sine-wave signal produced by the the background
signal generator 234 with the “smoothed” periodic-pulse

30 signal output by the envelope modulator 240. The output
of the summer 242 is applied to a waveshaping,
inversion, balance, and power control circuit 244,
hereinafter referred to as circuit 244. The circuit 244
provides the w'aveshaping, vhich may include inversion,

35

necessary to achieve a signal substantially 1like that
shown in Figs. 2a~-C ‘and Fig. 3. The circuit 244 also
includes rheostats (not shown) for adjusting the balance
and the power of the signal output by the circuit 244.
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line.” Stated another way, an integral of the signal over tine would be a
non-zero value. This is believed to result in the aforenenti oned el ectri cal
charge being inparted to one or nore structures associated with the 30

eye. In any event, the signal illustrated in Figs. 2A-C and Fig. 3 is
believed to be effective in treating various ailnments or mal adi es t hat

af fect various structures associated with the eye. Electrical signals with
shapes different fromthat shown in Figs. 2A-C and 35 Fig. 3 are also
feasible. An exanple of such a signal T€%3 signal that includes a

I I
S nusol 3l COMRAREnéSe Rl é‘éfé’%fﬁé‘&’”@%\'?“hhe LRH9 LA ddgSona

et ween appr oxl
mlliwatts and %%I“I%%?s gpP‘FCH‘Foﬁiéﬂﬂ eherstate A2.si gnal
to the eye :

of esiseth meoasalhgnheaa@paemm Fhedstabel?6eshdwhoin Fig.
1. The circuit 244 outputs two of the appropriately

5 shaped signals, one for each of a pair of pads 246a,
246b. However, before the signals are applied to the
pads 246a, 246b, the signals are amplified by power
amplifiers 248a, 248b, and applied to impedance matching
circuits 250a, 250b. The power amplifiers 248a, 248b,

10

increase the power of the signals output'by the circuit
244. The impedance matching circuits 250a, 250b, reduce
any impedance mismatch between the circuitry preceding
the impedance matching circuits 250a, 250b, and the
impedance of the patient as it exists across the pads
15 246a, 246b. By reducing any impedance mismatch, more of
‘the signals produced by the circuit 244 are applied to
tHe patient. Preferably,
circuits 250a, 250D,
transformers.

the impedance matching
include appropriately would
20 The operation of the apparatus 230 is substantially
similar to that described with respect to the
ewmbodiments illustrated in Figs. 1 and 4. Specifically,
the battery 232 is placed in the ¥off” condition so that
no power is being applied to the remainder of the
apparatus 230 and the rheostats associated with the main
pulse generator 236 and circuit 244 are adjusted so that
the minimum signal will be produced at the pads 246a,
246b, when the apparatus 230 is turned on. One or both
pairs of the pads 246a, 246b, are then applied at the
appropriate locations on the patient and the battery 232
is switched “on” to apply power to the remainder of the
apparatus 230. The rheostats associated with the main
pulse generator 236 and circuit 244 are then adjusted to
produce the appropriate signal
35 patient’s affliction.

- Application of the

exponential signal is

25

30

for treating the
above~described periodic-
particulary useful in the

treatment of a number of afflictions of vertebrate
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be effective in treating the following afflictions or mal adi es associ at ed
W th structures involving the eye: presbyopia, nuscle 5 i mbal ance,
cataract, glaucomm, inflammtion, headache, iritis, anterior ureitis,
posterlor ureitis, optic nerve neuritis, optic nerve ischem a, and visual
fireld defects. The foregoing description of the invention has been
presented for purposes of illustration and description. Further, the
description is 10 not intended to linit the invention to the form

di scl osed therein. Consequently, variaif8ns and nodificati ons comensurate
with the aboventisaqli.ngcerdhiife ﬁl"é&n&l{céﬁ.’?ﬁv"{ﬁf?etf%ﬂ&%tr el ‘%bai‘t art
are within th erre

f th t ath ment
descri bed heré’rﬁe;%%\%ee%i st WS%I sert i[ an*ex?JlaPﬂthEeBEQg neRAC nown of

15  practici i BAsY thenpedntand complete ccanfiarts tokitheepatbenticbwtt t o
utilize the i meldw dthd ehedshRla %ﬁ)@ﬁ!ﬂiﬂﬁnt ThedpphiBatienVaE!

dificatigns fﬂg e y paLti plicat.i uses the
rﬁvent i on. 9 éIS i eﬁ' ed“ttgg%tlit hgﬁa &':,-' %Eﬁmgl s tfg'quﬁ‘gﬁr uEﬁ‘T‘% ®ncl ude
alternative en"bmm saggosipted v péﬂﬁf-‘??—éd tdpsuge in i ar patientut .
Preferred AspeThe pfesémt | pyvecdsmnis also useful in treating certain

problems of a patient by stimula{:ing muscles. The
instant method is advantageous in muscle stimulation
compared to other electrotherapeutic treatments in that
fever treatments are required with this process.

The afflictions and symptoms which can be treated
are believed to be associated in some way with tissue
damage including without limitation:
15 contusion; edema; hematoma; ulcers:

10

inflammation:

block plasma _kinins
in particular bradykinins and affecting viral diseases

and insect and snake bites; arthritis symptons; strains;

and sprains. The instant method can advantageously
decrease pain associated with a traumatic injury.

20 The present method can be particulary useful in
reducing inflammation. The process can be used to treat
gingivitis; treat tendinitis including, but not limited
to the achilles, elbow and hand; treat contusions
including but not 1limited to the ankle, arm, breast,

25

buttock, collarbone, elbow (to include the ulnar nerve),
face, fdot, hand, kidney, knee, leg,  thigh, and wrist;
treat synovitis including but not limited to the .ankle,
knee and hip; treat tenosynovitis including but not
_ limited to the ankle, knee, hip, arm, shoulder, foot,
30 hand and wrist, and treat shin splits. The treatment
can be used to reduce or eliminate trauma induced edema.
The present method can also reduce or eliminate hematoma
including that of the foot, leg, thigh, arm, and hand.
The treatment can also induce regeneration of soft
3s tissue, bone and nerves.
The instant process can be used to: treat certain
ulcers, espécially' gastrointestinal ulcers including
particularly peptic and gastric; intervene in viral
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1. > A nmethod for providing electrical stimulation to a patient,
conprising: generating a periodic-exponential signal; and 25

appl yi ng sai d periodi c-exponential signal to the patient. 2. The net hod
of clause 1, wherein: said step of generating includes generating a first
peri odi c- exponential signal having a frequency suitable for mnuscle
stinulation. 30 3. The nmet hod of clause 2, wherein: said step of

generating a first periodic-exponential signal includes generating a first

peri odi c, doubl e-exponential signal. 35-274, The net hod of clause 2,
wherein: said st%%

i ncl udes gener &% Gpésggggg%%hﬁg?gﬁz?gfﬁ9gg%%g? ﬁ?e q%%%%gl ﬁ' naLIC_
39 exponentlal poisgidly by increasing the efficacy of -the immune
systenm; stimulate hair growth and regrowth; and initiate
cell dedifferentiation and the resulting
redifferentiation by unlocking repressed genes.

The present process can be used to: block plasma
kinins, in particular bradykinins, from receptor sites:
neutralize inset and arachnid bits:; neutralize poisonous
snake bites, both protoplasmic and neurological; and
anesthetize locally and globally. The instant process
can be useful in the alleviation of drug dependency.

The treatment using the instant signal can also be
used to maintain and increase the range of motion of
body limbs. It can be useful in the treatment of
strains, including, but not limited to, ankle, achilles
tendon, abdominal wall, arm, back (grades 1 and 2,
1dmbodorsa1'reqion), back (grades 1 and 2, sacroiliac
region), back (grades 1 and 2, lumbar region), chest
muscle, collar bone, elbow, foot, groin, hand, hip,
knee, leg, thigh, wrist, and fingers. Sprains can also
be treated, including but not limited to, ankle, arm,
back (grades 1 and 2, lumbodorsal region), back (grades
1 and 2, sacroiliac region), back (grades 1 and 2,
lumbar region), breast bone (sternum), chest muscle,
25 . elbow, thumb and fingers. Relief of bursitis can also

be provided, including, but not limited to that of the -

elbow, <foot, hip and knee. Treatment of elbow
epicondylitis (tennis. elbow) can also be provided.

Symptoms . associated with arthritis can also be treated,
30 . including Reiter’s syndrome. Tendonitis, including that

of the achilles, elbow and hand can also be treated.

The application of the above-described signal is
useful in stimulating muscles.

10

15

20

Afflictions and symptoms
associated with muscle spasms or weakness can be treated
35 with the instant process.

The application of such a signal is useful in
promoting the relaxation of muscle spasms,

for example,
the relaxation of muscle cranps,

the treatment of
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5. *The nmethod of clause 1, wherein: said step of generating a

peri odi c-exponential signal includes 5 generating a second

perd odi c- exponential signal having a frequency suitable for sensory
stimulation. 6. The met hod of clause 5, wherein: said step of generating
a second periodi c-exponential signal 10 I ncl udes generating a second

peri odi c, doubl e-exponential signal. 7. The net hod of clause 5, wherein
said step of generating a second perio@ﬁc—exponential signal i ncl udes

generating a g3 ponential | v. appli tude rm | at
peri odi c- expon%ﬁ%!l!éatra?( toat: Uk ant {I-Iﬁ c? u é‘cgupﬁhere'me sai d
step of gener'&%’?ﬁé}“%!""se&’éﬁd al&q obec ‘lﬁﬁ%n&ﬁt |’%ﬁli§"@1aﬁsthm.udeelax

generating abrmmhcla]subnuamlebl,y realdienrd aﬁﬂdﬁdwe, Z.Qlduced
i odi sai d

d |
gte(ra:ooo:‘ ng)r(lgratl a éé&pa and 1‘1'- g %‘EBQQE{; F &gﬁ’r&g‘gl r]eneratl ng

gg er POl S exponen
a second BeriBgt Exﬁﬁn@ﬁ?ﬁl e‘tl?%‘beb"-s? ghievedsi n° uding m:lgraine,

tension and muscular. Relief of vascular spasms can
also be achieved. The treatment can also be used to

relax intestinal muscle spasm i.ncluding providing relief
of diarrhea.

10 Prevention and retardation of disuse atrophy can
also be accomplished, for example treatment of damage. of
the thigh hamstring. Similarly, the treatment can be
used to correct muscle weakness, '

strength and improve muscle tone.

The present process is also useful for muscle re-
education, for example correction of muscle weakness,
increasing muscle tone and increasing muscle stretch.
Application of the periodic-exponential signal can be "
useful in correcting certain vision system defects by
. balancing the various muscles associated with the
eyeball. The method can be used to treat scoliosis;
reduce fatty tissue; and reduce pain, specifically but
not limited to lower back pain. Cosmetic body
alteration can be accomplished including but not limited
to face 1lift, breast toning, buttock toning and lifting
(tucking) . The 'process can also be used to treat
hernias (hiatal). '

Application of the above-described signal can also
be used to reduce stress. The instant process can also
be used to provide immediate post-surgical stimulation
of calf muscle to prevent venous thrombosis. o

Local blood circulation can also be increased
through use of the instant treatment. The increase in
blood circulation can be beneficial in the treatment of
(a) treatment of bone fractures to facilitate mending,
(b) treatment of dislocations in any Jjointe, (o)

qccelerated healing of damaged tissue, and (d)
accelerated healing of spinal injuries. :

increase muscle

15

20

25

30

35
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10. A method for providing an electrical stimulation to a muscle of a
patient, conprising: generating a first periodic-exponential signal having
a frequency suitable for nuscle stimulation; 30 _ appl ying said first
periodi c-exponential signal to the nmuscle of the patient; generating a
second peri odi c-exponential signal having a frequency suitable for sensory
stinul ation; and applyi ng said .second peri-odic-exponential signal to the
patient. 35 11. A nethod for providing an electrical stinulation to a
muscl e of a patient, conprising: 40 geéRerating a periodic-exponenti al
signal- having a firsl, pa{élepe;&;e'mlsgke séﬁgg e 9 and a econdsj)ortlon
for sensory stinulation, e

sal d second porti I ng res%‘l”ﬁ TP first
portion is absetrﬂe muscle which is in spase should be determined.

Preferably, treatment is effected along the longitudinal
axis of the muscle. Preferably a pad is placed at teach

5 .end of the muscle along the longitudinal axis of the
muscle with the muscle itself between the pads. If the
muscle being treated is a frontal muscle, then the pad

: should be placed on the frontal part of the body. If a
’ dorsal or posterior muscle is involved, then the pads
10

should be placed n the dorsal part of the body.

is not possible to treat longitudinally,
treatment can be effective.

If it
transverse

In this case, the pads are
placed perpendicular to the longitudinal axis of the

muscle being treated. For example, if hiccups are being
15 treated, transverse stimulation of the diaphragm is
preferred. One pad can be placed anterior just below

The other pad can be placed on the body
posterior substantially opposite to the first pad.

The same method of treatment is preferred for

tHe sternum.

20 preventing a retarding disuse atrophy. Two pad pairs
can be used simultaneously to provide more time~
effective treatment. .

To increase local blood circulation_, the treatment
region must be determined. If the region is in a limb,

25

- treatment is applied transversely be placing a pair of
pads so that the region to be treated lies between them.
For example, if a knee is being treated, one pad is
placed on the inside of the knee while the other pad is
Placed on the outside of the knee. If the region to be

30 treated is in the body, transverse treatment is

sinilarly preferred, with one pad being placed on the
front portion of the body and the other pad placed on
the back part of the body. Once again, two pad pairs
can be used for more efficient time utilization. :

To re-educate muscles, the muscles or muscle groups
to be treated should be determined. The same procedure
is followed as in treating muscle spasms. Two pad pairs’

35
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and 5 appl yi ng sai d periodi c-exponential signal to the nmuscle of
the patient. 12. A nethod for treating a synptom associated with |nJured
tissue in a reglon of ‘a patient conprising providing a first

peri odi c- exponential 10 signal to the region of said patient. 13. The

nmet hod of clause 12 wherein said first periodic-eXponentiaI signal has a
frequency between about 0 Hz and 1000

: 14. The nethod of clause 13
wherein said first periodic-exponenti aI ) [

é_qnal is a doubl e exponenti al
signal . 15. The nethod of clause 13 whHerein said first

p}gﬂ Iodl c- eigoneaal ae sueaal hagta wnm&b&aal deaseZOcéx&muomecmet hod
Oor Cl ause

frequency bet 3@? g{éﬁsﬁ’fs M%ﬁ?ﬁ"f@(}%@g ” |aI x%@? %ecrs{g‘i d region

of the patient. 25 Inithe trnetmﬁoafocaéﬁawéclssmh@retwm versend
peri odi c- exponehirbabosigpal tidhsteerc Ntirdatwerrtplist Usite raxctdat ed. Bdtth

method of ¢ auggald AMa° HletetablyS 8188daPEh' RHLCneRRPE \in one paa
on the inside of the leg and the other on the outside.
optionally, both legs can be treated simultaneously.

The treatment for maintaining an increase in the
range of motion involves determining which joint and
associated muscle groups are to be treated. Generally,
the preferred treatment is transverse across the joint
being treated. If the joint is the knee, ankle or
elbow, one pad is placed on the inside of the joint with
the other pad being place on the outside relative to the
15 body. If edema is present, a first pad should be placed

on the edema with the second pad diametrically opposed

tHereto. If the joint being treated is the shoulder,
wrist, knuckle or finger joints, preferably one pé.d is
placed on the front with the other pad placed on the
20 Dback of the joinf:. The foot and toe joints are treated

by placing one pad on the top of the joint with the
other pad beneath the joint.
joint,

The

10

In the treatment of a hip
a remote treatment technique is used. The pads

-are placed over the posterior ilium slightly above the
25 gluteal maximum. When the region being treated is the

back for limited body rotation, stiff neck, limited
anterior-posterior bending motion, etch., the preferred
treatment is longitudinal in the muscle groups running
up and down the left and right sides of the spine.

The
30 exact pad placement is determined in a manner similar to
that used for muscle spasnms.

In the treatment of ulcers, specifically, but not
limited to peptic and gastric, the preferred method of
treatment is to place the pads transverse. After

35

determining the location of the pain, one pad is placed
over the point of pain on the anterior of the body and
the other pad is placed on the posterior surface of the
body. Preferably, neither pad is inferior (below) or
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signal is a doubl e-exponential signal. 30 19. The met hod of clause 16
wherein the second periodi c-exponential signal has a substantially constant
anpl i tude. 20. The met hod of clause 16 wherein said second

peri odi c- exponential 35 signal is clipped. 21. The net hod of cl ause 16
wherein said first periodic-exponenti al 41 signal has a frequency

bet ween about 0 Hz and 100 Hz._ 22. The met hod of clause 12 wherein said
synptomis inflammtion. 5 23. A nmethod for treating synptons
associated with injured tissue in a redgt3dhT of a patient conprising

oubl o- oxponenPiaPeEbe  (fbotel BR6 hndf) forefStally/ ' Sensy, pimate; 000 1
and (b) a secoh¥epEmenty; c isjoumsed erbonwamimun; prplitadeng settiaggency
bet ween about &6fi8ikkentowith pati_r)Cokfort.

' The general treatment technique of viral caused
diseases is by the transverse stimulation of the lymph
node area in the neck and the spleen. Preferably, the
pads are placed anterior and posterior to the organ
being treated. However, if the throat is being treated,
the pads can be placed in lateral positions on the left
and right side of the throat. Normally, a twenty minute
treatment is used at maximum ampiitude setting

consistent with patient comfort. The optimal treatment
period is three consecutive days.

5

10

Certain vision system defects can be corrected by
balancing the relative strength of various muscles
associated with the eyeball. In the treatment, one pad
pair is used for treatment of a single eye. It is
preferred that only one eye be treated at a time. This
treatment technique involves #“indirect” stimulation to
the intrinsic ciliary muscle since neither longitudinal
nor transverse stimulation is possible. It is expected
that miniaturized pads on LOW powers settings are
required. The amplitude should be adjusted only to the
very low edge of'patient awvareness. The treatment time
should be limited to not more than five minutes. Total
treatment time varies greatly from patient to patient

depending on the nature of the condition and its
severity. :

15

20

25

_ In using the instant process to selectively block
plasma kinins from its receptor sites, in particular
bradykinin, any pad placement can be used. This effect
occurs quickly with upper comfort range power settings.
The effects appear to be long term in nature. This
effect appeafs to be directly related to the reduction

of inflammation and to the reduction of trauma induced
edenma.

30

35

The preferred .means for applying the periodic-
exponential signal to a patient and the proper placement
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24. ~ The method of clause 23 wherein said second signal is
exponentially anplitude nodul ated. 15 25. The met hod of cl ause 24
‘wherein a portion of said second signal has a substantially constant
anpl i tude. 26. The met hod of clause 23 wherein said second signal

clipped. 20 27. The met hod of cl ause 23 wherein said synptomis
I nfl ammati on. 28.

A nethod for treating synptons associated with injured
tissue in a region of a patient conprising: (a) provi ding a flrst

periodi c-exponential signal; 25 .(b) V|d|ng a second

peri odi c- expongpt £ﬁ|e %g%gi%:atig)x neiHEMRI g%aféie%{t Q—{Lqu %%C%ﬁ al's to
produce a sum Si applyl ng sa m signal to the reglon of
the patient. 38eterminedn hBAOBRY | BARGPBENS, 10f ojthes ARP¥igatiion, g
second si gnal smeanseadtdr dthkel ctxmgtorentt | af Ltdrat saffDictidie gBhhdek of

clause 29 Vmer%adi‘if' da&b&ﬁﬁliéﬁ al tohaég 8cfUbghanthakty &LPREHL
anpl i tude g% sec nal _has a dqu

pon tla racter
31.  The egEmep use 288 nalsensenty FangPa‘ﬁﬁr i #&z&f
placement will depend wupon the 1ocation of the

afflictions with transverse placement of the application
means being initially tried.

With references to Figs. 6A-D,

S

a preferred

10 embodiment of an apparatus for use in applying an
electrical signal to a structure associated with the eye
of a patient 170, hereinafter referred to as apparatus
170, is illustrated. The apparatus 170 includes first
and second electrodes 172a, 172b, for conducting an

15

electrical signal of which at least a portion is to be
applied to a structure associated with a patient’s eye.
First and second electrodes 172a, 172b, are adapted for

application to the exterior surface of a patient and are

preferably made of a conductive,

carbonized rubber
20 material,

such as the conducting ocarbonized rubber
material sold by Amprex under the trademark FLEXTRODE.
The first and second electrodes 172a, 172b, interface

with the devices for generating electrical signals shown
in Figs. 1, 4, and 5 via first and second electrical
leads 174a, 174b, and first and second connectors 176a,
176b.

25

The apparatus 170 further includes a positioning
device 178 for positioning the first and second
electrodes 172a, 172b, at a preferred point on the
exterior surface of the patient for applying electrical
signals to structures associated with the eye of the
pétient. More specifically, the positioning device 178
positions the first and second electrodes 172a, 172b, on
the exterior surface of a patient at a location that is
substantially interior to the area defined by the bones
that form the frontal 'aspect of the eye socket, the
Supraorbital Ridge and the Zygoma or Mazar bones. The
positioning device 178 includes a base member 180 that

30

35
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42 a-pul se associated with said second signal is present. 32. The nethod of
clause 29 wherein said first signal is clipped. 5 33. The nethod of
clause 28 wherein said second signal is exponentially anplitude
nodul at ed. 34. The met hod of cl ause 28 wherein said synptomis

I nfl ammation. 10 35. A method for inproving the relative strength
of nuscles associated with the eyeball, said nethod conprising providing a
first periodic-exponenti al S|gnal to a sel ected group of said nuscles. 36.
The method of clause 35, wherein said fiLgid-periodi c-exponential 15

signal having a frequency between about 0 Hz and 1000 Hz and a second

peri odi c- expone®ipROrSEq fdirskaandgsecendquenticabt neebers AR22;0002bz and

100, 000 Hz is prompipdatedobgathe Of Dkt Gindnéecond. vértidar nenkwt Q26 ause
36 wherein said S0 s’

doubl e- exponent |1al sctgfnqancgal% @é%%%ﬁgn#g%f 984 §+9[@% Zs‘f%ﬁog&mg

area of t:he patient. 'l.‘he first cross member

5 184 includes a first horizontal member 186 on the upper
side of which is located a chin pad 188. The first
 horizontal member 186 includes first engaging members
190a, 190b, for contacting the first and second vertical
mewbers 182a, 182b. The first cross member 184 further

10

includes first adjustment screws 192a, 192b, for fixing
the first cross member 184 at a particular vertical
position on the first and second vertical members 182a,
182b. The positioning device 178 also includes a second
cross member 194 for use in supporting the <forehead
15 region of the patient. - The second cross member 194
includes a second horizontal member 196 that is curved
tc conform to the forehead region of the typical
patient. Attached to the side of the second horizontal
member 196 against which the patient’s forehead rests is
20 a forehead pad 198. The second horizontal member 196
includes second engaging members 200a, 200b, for
engaging the first and second vertical members 182a,
182b. Second adjustment screws 202a, 202b, are provided
for adjusting the vertical position of the second cross

25 mwember 194 on the first - and second vertical members
182a, 182b. )

The elements of the positioning device 178
described thus far serve to stabilize the patient’s head
during application of an electrical signal to a

30

structure associated with the patient’s eye. More
specifically, the first cross member 184 and the second
cross member 194 are vertically positioned on the first
and second vertical members 182a, 182b, using the first
adjustment screws 192a, 192b, and the second adjustment
35 screws 202a, 202b, to accommodate the dimensional

characteristics of the patient’s head. Once adjusted,

the- patient places their chin and forehead against the

chin pad 188 and the forehead pad 198, respectively.
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38. A nethod for treating an ulcer, said nethod conprising providing a
first periodic-exponential signal to said ulcer. 25 39. The nethod of
cl ause 38 wherein said first periodic-exponential signal is a

doubl e- exponenti al signal having a frequency between about 0 Hz and 1000 Hz
and a second periodi c-exponential signal

havi ng a frequency between about
1000 Hz and 100,000 Hz is provided to said 30

( - ul cer. 40. The net hod of
cl ause 39 wherein said second periodi c¥monential signal is a
double-éxp0ﬂe

A met hod for rea%?&éﬁﬂﬁ 3[].1% FE‘? QQGQEI a‘kygggg{'ﬁ#% ?Aq}itc%t g% 35 41.

conpri sing prﬁ?FﬁF ‘& fhus EéFl oﬂFE @* BRerfthen P§F§ﬁ§F o hepd iny3
infected regi sabstantigkly endne position for application of an

electrical signal to a structure associated with the
5 patient’s eye. One advantage of the elements of the
positioning device 178 described thus far is that the
patient can quickly and easily remove their head from
the positioning device 178 if something should go wrong
in applying the electrical signal to a structure
10 associated with the patient’s eye, thus reducing any
possible damage that may result from application of the
electrical signal. :
The positioning device 178 also includes an
electrode positioning member 204 for positioning the
first and second electrodes 172a, 172b, at a location on
the exterior of the patient that is substantially
interior to the area defined by the bone structure
comprising the frontal aspect of a patient’s eye socket.
The electrode positioning member 204 includes a first
clamp member 206 and first set screw 208 for attaching
and adjusting the position of the electrode positioning
member 204. with respect to the first vertical member
182a. The first clamp member 206 also includes a hole
210 -for receiving one end of a z-shaped rod 212. The
rotational position of the z-shaped rod 212 with respect
to first clamp member 206 and the positioning device 178
can be adjusted using a second set screw 214 that
engages the first clamp member 206. Attached to the
second end of the z-shaped rod 212 is a second clamp
30 member 216. A third set screw 218 allows the rotational
position of the second clamp member 216 relative to the
z-shaped rod 212 to be adjusted. Attached to the second

clamp member 216 are first and second electrode mounting
members 220a, 220b.

15

20

25

A fourth set screw 222 allows the
vertical spacing of the first and second electrode
mounting members 220a, 220b, to be adjusted to
accommodate the vertical spacing between the bones that
define the frontal aspect of the eye socket.

35

To
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42. The nethod of clause 41 wherein said first periodic-exponential signal

I s a doubl e-exponential signal having a frequency between about 5 0 Hz
and 1000 Hz and a second peri odi c-exponential signal having a frequency

bet ween about 1000 Hz and 100,000 Hz is provided to said region. 43. The
met hod of cl ause 42 wherein said second periodi c-exponential 10 signal is
a doubl e-exponential signal and is exponentially anplitude nodul ated. 44. A
met hod for bl ocking a plasma kinin fronmr3%s acceptor sites, said met hod
conpri sing proyidi a first _perjodic- ex onenti al n 0 a_sel ected
group of said 3?85 fde Tﬁgrﬁ’ét Red o? %sﬁfﬂﬂtﬁ%ﬁ%l I’r7§3rd ¥72Pqt

peri odi c- expondinomg| the gaarond glawmpbimembeyrornkifii awhichnds Ipréseptly

f_requlenﬁy bet wagidedlstitaf) Eleabeid00y womﬁv&emﬂwlggutfe i epgyent i al
si gnal havin u i s
prgw ded to galad seé&?c? %3%%};28&&’92{&@%3&{#‘33@9% I% a?g %é Zgg%heq’r& n said
second . peri%ddi & éh‘ffrthl a%léﬂﬁ!ﬂ%%i%ﬁc_tm%ﬁﬁ adopoigh 26 ingwtatingl is

exponential |y amiibeéxide thermsbglhst bd.

The electrode positioning member 204 positions the
first and second electrodes 172a, 172b, relative to the
bone structure that defines the patient’s eye socket
after the patient’s head is stabilized against the chin
paid 188 and forehead pad 198 of the first cross member

184 and second cross member 194, respectively.
of the first set screw 208,

10

By use
the electrode positioning
member 204 can be vertically positioned on the first

vertical member 182a at the appropriate level to
accommodate the - vertical position of the patient’s eye
sdcket. Moreover, the rotational position of the
electrode positioning member 204 with respect to the
first vertical member 182 can also be established to
accommodate the orientation of the patient’s eye socket
relative to the positioning device 178 using the first
set screw 208. The rotational position of the z-shaped
rod 212 relative to the first clamp member 206 and the
positioning device 178 can also be established using the
25 . second set screw 214. This is typically used to move

the first and second electrodes 172a, 172b, towards or
away from the center of the patient’s face. The
rotational position of the second clamp member 216
relative to the z-shai:ed rod 212 and the positioning

15

20

30 device 178 is established using the third set screw 218
to a team. This allows the first and second electrodes
172a, 172b, to be positioned to accommodate the angle of
the patient’s eye socket with respect to the centerline
of the patient’s face. The fourth set screw 222 allows

35

the vertical spacing of the first and second electrodes

172a, 172b, to be adjusted to accommodate the vertical

spacing between the upper portion of the patient’s eye
socket and the lower portion of the patient’s eye

This is the replacement sheet

. pate: 28 OEC 139



47. The nethod of clause 44 wherein said plasma kinin is a bradykinin
48. A nmethod for non-invasively applying an electrical signal to a
structure associated with the eye of a patient, conprising: generating an
el ectrical signal; and applying said electrical signal to the exterior
surface of the patient at a location substantially interior to the bone

structure 35 defining the eye socket. 49 The nmet hod of clause 48,
wher ei n: 44 said electrical signal T roves at | east one of the

fs glrhgmpg ats ngéié%gggt fhowesiaéenbea ,}} e tf@uéapléééyse{:gﬁsgu cle

wherein: said® gﬁsﬂ?r?‘% %’F%‘ua‘?’y‘gﬁffq ﬁ*‘@cg‘ﬁ’?&ﬁt #2% 2ot

following af Positioned at & ogatsion Smfé‘-iqlﬁh'alimmiorc&pam
area defingd by the frontgl edges of the patient’s eye

socket, the Supraorbital Ridge bone 224 and the Zygoma
or Mazar bone 226. '

In operation, a patient’s head is stabilized in
substantially one position using the apparatus 170 by
initially adjusting the vertical positions of the first
cross member 184 and the second cross member 194 using

the first adjustment screws 192a, 192b, and the second
adjustment screws 202a, 202b,

30

10

to accommodate the
dimensional characteristics of the patient’s head. Once

the appropriate adjustments have been made the patient
places their head such that their chin engages the chin
pad 188 and their forehead engages the forehead pad 198.
Having stabilized the position of the patient’s head,
the electrode positioning member 204 is then used to
position the first and second electrodes 172a, 172b,
substantially flush against ‘the exterior of the patient
in an area substantially interior to the bone structure
that defines the frontal aspect of the patient’s eye
socket. More specifically, the first set screw 208, the
second set screw 214, and the third set screw 218 are
used to adjust the position of the first and second

electrodes 172a, 172b, such that they are located in the
aforementioned position.

electrodes. 172a, 172b,
aforementioned 1location,

15

20

25

Oonce the first and second
are positioned at the

the fourth set screw 222 is
used to adjust the vertical spacing between the first

and second electrode mounting members 220a, 220b, such

that the vertical dimension of the patient’s eye socket
is accommodated.

30

A structure to accommodate the horizontal
dimension of the patient’s eye socket has not been found
to be necessary as of this time, but a structure for
adjusting this aspect of the first and second electrodes

172a, 172b, is, of course, feasible.

35

Moreover, an
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gl auconmm, inflammation, headache, iritis, anterior uveiti s, posterior
uveitis, optic nerve neuritis, optic nerve ischema, and visual field 10
def-ects. 51. The nmethod of clause 48, wherein: said electrical signal _

i ncl udes an AC conmponent. 15 52, The met hod of cl ause 48, wherein: said
‘electrical signal includes an AC conponent and DC conmponent. 53. The

nmet hod of clause 48, wherein: said electri cal si gnal inparts a charge to
the structure 20 associated wth the3tye. The met hod of C| ause 48

tructur . q
A mechod for SAJuEEREhE kof, HBLoREA Ll ofe e* 3’ Eng AIRSIB0 pF ey ure
associ at ed withe fdzstyands s'acmﬁ |Q3'|rﬁ°tr(9&ﬁ§r ﬂ-i?ﬂg 1'é¥lab|‘fiﬁ1 mespeetposi ti on

of the patiemttc soheadanctipyyi i adled eeéasmiecondnaaﬂtiéﬂaim exnerior
surface of thg

to the b
structure that 3 Qgtgf ?ér\%%%%lrﬂ% #@%&ﬁgt Iéﬂ yf#gterkgg‘n e Soc

e patl t%9€®e socket ;
gener at i nfg arpkactrodes, B‘i}n a?- Bind ndependently towards and avay

. from the patient’s face is also feasible.

Once the first and éecond electrodes 172a, 172bh,
have been appropriately positioned using the positioning
device 178, an electrical signal can then be applied to
the first and second electrodes 172a, 172b, that results
in an electrical signal being applied to one or more
structures associated with the eye. . These structures

include structures interior to the eyeball, such as ‘i:he
vitreous humor,

15 eyeball,

10

as well as structures exterior to the
such as the muscles that rotate the eyeball.
Preferably, the signal that is applied to the structure
associated with the eye is the signal illustrated in
Figs. 2A through 2¢ and Fig. 3, and produced by the
apparatuses shown in Figs. 1, 4, and §. Characteristic
of the signal shown in Figs. 2A-C and Fig. 3 is that the
signal possesses a shape that is believed to result in
an electrical charge being imparted to one or more
structures associated with the eye. This can be seen in
Figs. 2A and 2B where a greater portion of the signal is
below the zero volt 1i.ne_ than is above the zero volt
line. Stated another way, an integral of the signal
over time would be a noxi_—zero value. This is believed _
to result in the aforementioned electrical charge being
imparted to one or more structures associated with the
30 eye. In any event, the signal illustrated in Figs. 2a-C
and Fig. 3 is believed to be effective in treating
various "ailments or maladies that affect various
structures associated with the eye. Electrical signals
with shapes different from that shown in Figs. 2a-C and
35 Fig. 3 are also feasible. An example of such a signal

is a signal that includes a sinusoidal component as well
as,a DC component.

20

25

In addition, the signal preferably
has a RMS power 1level between approximately 4.75
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causrng said electrical signal to be conducted by said electrical
conductor; wherein, said electrical signal is shaped to inpart a charge to
35, a structure associated with the patient's eye. -45- CLAI M5 1.

An
apparatus for providing electrical stinulation to a patient, conprising:
means for use in providing a periodic-exggonential signal; and 5 means

for applying said periodic-exponential signal to the patient. 2. An
apparatus, as clainmed in Caiml1, wherein: said neans for wuse in

providing a mipkiwands cendexPauikhitvatts.Si gr'@alentml sptad casiansaddpleseidal
providing a fixsl) RETindbfs B8¥RPPEAER! usihg MRk HRUENRsP170" PHBRDEbed to
be effective in treating the following afflictions or maladies

associated with structures involving the eye: presbyopia, muscle

5 imbalance, cataract, glaucoma, inflammation, headache, iritis, anterior
ureitis, posterior ureitis, optic nerve neuritis, optic nerve ischenmia,
and visual field defects.

The foregoing description of the invention has been presented for
purposes of illustration and description. Further, the description is
- 10

- not intended to limit the invention to the form disclosed therein.
Consequently, variations énd modifications commensurate with the above
teachings, énd the skill or knowledge in the relevant art are within
the scope of the present invention. The preferred embodiment described
hereiné.bove is further intended to explain the best mode known of

i5 practicing the invention and to enable others skilled in the art to

utilize the invention in wvarious embodiments and with the wvarious

modifications required by their particular applications or uses of the .

invention. It is intended that the appended claims be construed to

include alternative embodiments to the extent permitted by the prior
20 art.

Preferred Aspects of the Invention
i. A method for providing electrical stimulation to a patient,
comprising:’ . .

generating a periodic-exponential signal; and

25 applying said periodic-exponential signal to thga patient.
2. The method of clause 1, wherein:
said step of generating includes generating a first periodic-
exponential signal having a frequency suitable for muscle stimulation.
30 )
3. The method of clause 2, wherein:
said step of generating a first periodic-exponential signal
includes generating a first periodic, double-exponential signal.
35 4. The method of clause 2, wherein:

said step of generating a first periodic-exbonential signal
includes generating a first substantially constant amplitude, periodic-
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5 -between about 0 Hz and 1000 Hz. 3. An apparatus, as clained in Caim 2,
wherein: said neans for use in providing a first periodic- exponenti al
signal includes neans for use in providing a first periodic,

doubl e- exponenti al signal. 4. An apparatus, as clainmed in Caim 2,
wherein: said neans foor use in providing3® first periodic- exponentia
signal includes nmeans for use i.n providing a first substantially constant
anplitude periodic- 5 onential signal. 5. An apparatus, as clained
in daiml, \Ahg?pé’l"ﬁ"tigblsdg“ ans for use. in providing a periodic-
exponentlal signal includes neans for use in providing a first '

peri odi c- expongnt | a-h,eshmgh Jragi,ﬁgeq f‘slﬁ._qggncy 5 suitable for nuscle
stimul ation. 6. 13 ar at as ¢l ai ned Claim5, wherei Fu‘d‘zzl means

for use in providi nﬁf‘ fePs P p@?‘?‘iﬁﬂ’&g ae?ﬁ't‘)’r? At ieEPoneP b Is’rq’l‘é ans
for use in Pprogeulraging fi setonde pemiddis-expaneohtiadx pbegnaht hatingi gnétequency

suitable for sensory stimulation.

6. The method of clause 5, wherein:

said step of generating 'a second periodic-exponential signal
10 includes generating a second periodic, double-exponential signal.

7. The method of clause 5, wherein:
said step of generating a second periodic-exponential signal

includes generating a second exponen:tially amplitude modulated,
15 periodic-exponential signal. '

8.  The method of clause 5. wherein:

said step of generating a second periodic-exponential signal
includes generating a second substantiglly constant amplitude,
20 periodic-exponential signal.

9. The method of clause 5, wherein:

said step of generating a second periodic-exponential signal
includes generating a second periodic-exponential, clipped signal.

25
10. A method for providing an electrical stimulation to a muscle of
a patient, comprising:
_ generating a first periodic-exponential signal having a frequency
suitable for muscle stimulation;
30 applying said first per:.odic-exponential signal to the muscle of
the patient;
generating a second periodic-exponential signal having a
frequency suitable for sensory stimulation; and
applying said second periodic-exponential signal to the patient.
35

11, A method for providing an electrical stimulation to a muscle of
a patient, comprising:
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7. - An apparatus, as clainmed in Claimb5, wherein: said neans for use in
providing a first periodic- exponential signal includes neans for use in
providing a first substantially constant anplitude periodic- 5

exponential signal. 8. An apparatus, as clained in Claim1, wherein: said

means for use in providing a periodic- ed4fonential signal includes neans
for use in providing a This is the repl acerrent sheet -46- second

periodi c-exponential signal having a frequen R\tween about 1000 Hz
Dnd 100,000 o 0. ERRSTALITR AN Loe CRURPART A narat BaBing A CHEF RREIE no:

means for expoﬁ‘n@n_mmsﬂlé_ystampilalttmd@ndrwwao_nmgoe@od forc eembory stimulation,
peri odi c- expongfili dcosd PBALion being present when said first portion is absents;
and

applying said periodic-exponential signal to the muscle of the
patient.

12, A method for treating a symptom associated with iﬁjured_tissue in

a region of a patient comprising providing a first periodic-exponential
10 signal to the region of said patient.

13. The method of clause 12 wherein said first periodic-exponential
signal has a frequency between about 0 Hz and 1000 Hz.

15 14, The method of clause 13 wherein said first periodic-exponential
signal is a double exponential signal.

15. The method of clause 13 wherein said first periodic-exponential
signal has a constant amplitude.
20 '

16. The method of clause 12 wherein a second periodic-exponential
signal having a frequency between about 1000 Hz and 100,000 Hz is
provided to said region of the patient.

25 17. The method of clause 16 wherein said second periodic-exponential
signal is exponentielly amplitude modulated.

18. The method of clause 16 wherein said second periodic-exponential
signal is a double-exponential signal.
30

19. The method of clause 16 wherein the second periodic-exponential

signal has a substantially_constant amplitude.

20. The method of clause 16 wherein said second periodic-exponential
35 signal is clipped.

21. The method of clause 16 wherein said first periodic-exponential
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10. An apparatus, as clainmed in Caim8, wherein: said neans for use in
provi ding a second periodi c- exponential signal includes neans for use in
providing a-second periodic, double-exponential signal. 11. An apparatus,
as clainmed in Caim8, wherein: said neans for use in providing a second
periodi c- exponential signal includes neatts for use in providing a second
substantially constant anplitude periodic- 5 exponential signal. 12. An
apparatus, as claimed in Caim8, wherein: said nmeans for use in providing
a second peri ogienal dasondrequency ibgrugen; shoptfbliz @dnO% ¥3- use in providing a
second peri odi c- exponentlal clipped signal. 13. An apparatus as claimed

in Gaiml, whegelng ogeo‘%néliu% fésshérguprsgya %gﬁ:oﬁ #5h ation.

exponenti al si ghal |nc u es neans use in providing a seco
peri odi c- exponenti al signal haV|ng a frequency 5 suitable for sensory
stinul ations 143. AnaaRpRIATHS trédtifg dyiftdns RsSdciiabed 9ithf ikfuded tissue in

a region of a patient comprising providing to the region of the patent
(a) a first periodic, double-exponential signal having a frequency
between about O Hz and 1000 Hz and (b) a second periodic, double-

exponential signal having a frequency between about 1000 Hz and
10 100,000 Hz.

24, The method of clause 23 wherein said second signal is
exponentially amplitude modulated.

15 25. The method of clause 24 wherein a portion of said second signal
has a substantially constant amplitude. '

26. The method of clause 23 wherein said second signal is clipped.
20 27. The method of clause 23 wherein said symptom is inflammation.

28. A method for treating symptoms associatéd with injured tissue in .
a region of a patient comprising:
(a) providing é first periodic-exponential signal;

25 (b) providing a second periodic-exponential signalj;

{c) sumning said first and second signals to produce a sum signal;
and '

{d) applying said sum signal to the region of the patient.

30 29, The method of clause 28 wherein said first and second signals are
each double-exponential signals.

30. The method of clause' 29 wherein said first signal has a
substantially constant amplitude and said second signal has a double-
35 exponential character.

31. The method of clause 28 wherein said first signal is blanked when
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i ncludi ng: means for exponentially anplitude nodul ating sai d second

peri odi c-exponential signal. 15. An apparatus, as clainmed in Caim1l3,
wherein: said neans for use in providing a second periodic- exponential
signal includes neans for use in providing a second periodic,

doubl e- exponential signal. 16. An apparasps, as clained in Caim13,
wherein: said neans for use in providing a second periodi c- exponenti al
signal includes neans for use in providing a second substantially constant:
anpl i t ude per roelilse &sociagedwith isald siegendl sigrpl isnprgspat-at us, as clained in
Claim 13, wherein: -47- said neans for use in providing a second

periodi c- expggent il ghagale L0GldI8s JIEAS 0 MG 'BaRhOYl 4%

'S5 33. The method of clause 28 wherein said second
exponentially amplitude modulated.

signal is

34. The method of clause 28 wherein said symptom is inflammation.

10 35. A method for improving thé relative strength of muscles
associated with the eyeball, said method comprising providing a first
periodic-exponential signal to a selected group of said muscles.

36. The method of clause 35, wherein said first periodic-exponential
.15 signal having a frequency between about O Hz and 1000 Hz and a second
periodic-exponential signal having a frequency between about 1000 Hz

and 100,000 Hz is provided to said group of muscles.

37. The method of clause 36 wherein said second periodic-exponential

20 signal is a double-exponential signal and is exponentially amplitude

modulated.

38. A method for treating an ulcer, said method comprising providing
a first periodic-exponential signal to said ulcer.
25
39. The method of clause 38 wherein said first periodic-exponential
signal is a double-exponential signal having a frequency between about
"0 Hz and 1000 Hz and a second periodic-exponential signal having a

_ frequency between about 1000 Hz and 100,000 Hz is provided to.said
30 ulcer. '

40. The method of clause 39 wherein said second periodic-exponential

signal is a double-exponential signél and is exponentially amplitude
modulated. ’

35

41. A method for treating a viral infection in a patient, said method
comprising providing a first periodic-exponential signal to the
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second periodi c-exponential, clipped signal. 18. An apparatus, as clained
in Caiml, wherein: said neans for use in providing a periodic-
exponential signal includes exponential tine constant neans. 19. An
apparatus, as claimed in Claim 18, wherein: said exponential tine constant
means includes an inductor-resistor .neane3 20. An .apparatus, as clained in
Caim 19, wherein: said inductor-resistor neans includes variable
resi stor neans for adjusting the exponential tinme constant of said
peri odi c- exponiafectdd segipmiof the pgienppar at us for providing an el ectrical
stinmulation to a patient corrpri sing: neans for use in provi ding a first
_peri odi c- exp nt i Vi n fre penc ui t abl é nuscl e
stinul ation; '&‘Sr 85‘?)%‘ n'gl ‘?(ﬁf Yt}eé'? %/%glués rgﬁ Ty P ’é‘fmgﬁ"d‘ﬁgl to
t he patient; slgnal is a double-exponential signal havxng a frequency between about

5 0 Hz aid 1000 Hz and a second periodic-exponential signal having a

frequency between about 1000 Hz and 100,000 Hz is provided to said
region. '

43. The method of clause 42 wherein said second periodic-exponential

10 signal is a double-exponential signal and is exponentially amplitude
modulated.

4, A method for blocking a plasma kinin from its acceptor sites,

said method comprising providing a first periodic-exponential signal to
15 a selected group of said muscles.

45. The method of clause U4 wherein said first periodic-exponential
signal is a double-exponentisal signal having a frequency between about
0 Hz and 1000 Hz and a second periodic-exponential signal having a

20 frequency between about 1000 Hz and 100,000 Hz is provided to said
group of musclés.

L6. The method of clause 45 wherein said second periodic-ekponential

signal is a double-exponential signal and is exponentielly amplitude
25 wmodulated.

47. The method of clause 4li wherein said plasma kinin is a
bradykinin. - '

30 48, A method for non-invasively applying an electrical signal to a
structure associated with the eye of a patient, comprising:
generating an electrical signal; and
applying said electrical signal to the exterior surface of the

patient at a location substantially interior to the bone structure
35 defining the eye socket.

49. The method of clause 48, wherein:
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means for providing a second periodic-exponential signal having a frequency
suitable for sensory 10 stinul ation; and neans for applying said second
peri odi c-exponential signal to the patient. 22. An apparatus for providing
an electrical stinmulation to a patient, conprising: neans for use in
providing a first periodic- exponential gjggnal; 5 means for use
providing a second periodic- exponential signal; nmeans for summ ng said
first and second periodic- exponential signals to produce a sum signal; and
means for appl yi ng satd lecinisalyragndlo ibhreveatdteMéast2dne AN thiep &sldbuiing: as
claimed in O 3l fren weraienné&bﬂuyr%apme' PEHi91 RPN RBLAAL SH:dBalenaving
a frequency SUIta [

muscl e st nul ati on
associated with the eye.

in

5 50. The method of clause 48, wherein:

said electrical signal aids in the correction of one of the
following afflictions: presbyopia, muscle imbalance, cataract,
glaucoma, inflammation, headache, iritis, anterior uveitis, posterior

uveitis, optic nerve neuritis, optic nerve ischemia, and. visual field
10 defects. '

51. The method of clause 48, wherein:

said electrical signal includes an AC component.

15 62, The method of clause 48, wherein:

said electrical signal includes an AC component and DC component.

53. The method of clause 48, wherein:

said electrical signal imparts a charge to the structure
20 associated with the eye.

54. The method of clause 48, wherein:

said electrical signal includes a sinusoidal component.

25 55. A method for non-invasively applying an electrical signal to a
structure associated with the eye of a patient, comprising:
stabilizing the position of the patient's head;
applying an elextrical conductor to the exterior suiface of the
patient at a location substantially interior to the bone structure that
30 defines the frontal aspect of the paﬁient's eye socket;
generating an electrical signal; and
causing seid electrical signal to be conducted by said electrical
conductor; .

. wherein, said electrical signal is shaped to impart a charge to
35 a structure associated with the patient's eye.
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-48f;24. An apparatus, as claimed in Caim23, wherein: said first

peri odi c- exponential signal having a doubl e-exponential character. 25. An
apparatus, as clained in Caim23, wherein: said first

peri odi c-exponential signal having a substantially constant anplitude. 26.
An apparatus, as clained in Caim22, wherein: said second

peri odi c- exponential signal hqvinﬁ*a frequency suitable for sensory

stinmulation. 27. An apparatus, as clained in Caim26, wherein: said second
peri odi c- exponential signal hav frequency suitable for sensory
stinmulation. 28. An apparatus, as clained in Caim26, wherein: said
second periodic-exponential signal having substantially constant
anplitude. 29. An appar abBs, apPagatiufed §9r CRFY NG helECkTical d second
peri odi c- exponeatiﬁdlgﬂigﬁato|&;patient, comprising:

means for use in providing a periodxc-exponential
signal: and

5 means for applying said periodxc-exponent1a1 signal
to the patxent.
2. An apparatus, as claimed in Claim 1, wherein:
said means for use in providing a periodic-
exponential signal includes means for use in providing a
first periodic-exponential signal having a frequency
5 " between about 0 Hz and 1000 Hz.
3. An apparatus, as claimed in Claim 2, vherein.
said means for use in providing a first periodic-
exponential signal includes means for use in providing a
first periodic, double-exponential signal.
4, An apparatus, as claimed in Claim 2, wherein:
sajid means for use in providing a first periodic-
exponential signal includes means for use in providing a
first substantially constant amplitude periodic-
5 exponential signal.
' 5. An apparatus, as.claimed in Claim 1, whereln.
said means for use in 'providzng a periodic-
exponential signal includes means for use in providing a
first periodic-exponential signal having a frequency
5 suitable for muscle stimulation.
6. An apparatus, as claimed in Claim 5, wherein:
said means for use in providing a first periodic-
exponentiél signal includes means for use in providing a
first periodic, double-exponential signal.
7. An apparatus, as claimed in Claim 5, wherein:
sajd means for use in providing a first periodic-
exponential signal includes means for use in providing a
first substantially constant amplitude periodic-
5 exponential signal. '
8. An appatatus,'as claime@ in claim 1, wherein:
sajid means for use in providing a  periocdic-
ekponential signal includes means for use in providing a
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exponential |y anplitude nodul ated. 30. An apparatus, as clainmed in Caim
22, wherein: said second periodi c-exponential signal is blanked when a
pul se associated with said first periodic- exponential signal is present in
said sumsignal. 31. An apparatus, as clainmed in Claim22, wherein: said
second peri odi c-exponential signal is clipped. 32. An apparatus for
providing an electrical stimulation to a patient, conprising: nmeans for use
in providing a first periodic signal; neaps for use in providing a second
periodic 5 signal; neans for sumring said first and second periodic
signals to produce a sumsignal having a first periodic signal portion and
a second periodi c segond periodic-expamentisl $dgnph hbving ngy Saeghesiem si gnal
to 10 producesa pREVESH GbR¥ROIGWY il afdinodi,goalnz.means for applying said
peri odi c-exponential sug si gualapb0rififs,PAG @Ahined in claim 8, further

including:
means for exponentially amplitude modulatlng said
second periodic-exponential signal.
10. An apparatus, as claimed in Claim 8, wherein:
said means for use in providing a second periodic-
exponential signal'includes means for use in providing a
second periodic, double-exponential signal.
11. An apparatus, as claimed in Claim 8, wherein:
said means for use in providing a second periodic-
exponential signal includes means for use in providing a
second substantially constant amplitude periodic-
5 exponential signal. '
12. An apparatus, as claimed in Claim 8, wherein:
said means for use in providing a second periodic-
exponential signal includes means for use in providing a
second periodic-exponential, clipped signal.
13. An apparatus, as claimed in Claim 1, wherein:
said means for wuse in providing a periodic-
exponential signal includes means for use in providing a
second periodic-exponential signal having a frequency
5 suitable for sensory stimulation.
14. An apparatus, as claimed in Claim 13, further
including: _ .
means for exponentially amplitude modulating said
second periodic~exponential signal.
15. An apparatus, as claimed in Claim 13, wherein:
said means for use in providing a second periodic-
exponential signal includes means for use in providing a
second periodic, double-exponential signal.
16. An apparatus, as claimed in Claim 13, wherein:
said means for use in providing a second periodic-
exponential signal includes means for use in providing a
second substantially constant amplitude periodic-
5 exponential signal.
17. An apparatus, as claimed in Claim 13, wherein:
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33..An apparatus, for providing an electrical stinulationto a
patient, conprising: -49- neans for use in providing a

peri odi c- exponential signal; and 5 means for applying said

peri odi c-exponential to the patient wherein the electrical |oad provided hy
the patient defines, at least in part, the exponential character produced
by said neans for providing. 34. An apparatus for providing an el ectrical
stimulation to a patient, conprisingsz-neans for providing a substantially
constant anplitude sine-wave signal having a frequency 5 substantially

bet ween 1000 Hz and 1QQ, 000 Hz: neans, for angsting t he aqPLitude of said
si ne-wave signal; said’ means for use in providing a ‘second periodic-

exponential signal includes means for use in providing a
second periodic-exponential, clipped signal.
. 18. An apparatus, as claimed in Claim 1, wherein:
said means for use in providing a periodic-
exponential signal includes exponential time constant
means, ' .
19. An apparatus, as claimed in Claim 18, wherein:
said exponential-time:constant means includes an
" inductor-resistor means. |
20. An apparatus, as claimed in Claim 19, wherein:
said inductor-resistor means includes variable
resistor means for adjusting the exponential time
constant of said periodic-exponential signal.
21. aAn apparatus for providing an electrical
stimulation to a patient, comprising:
means for use in providing a first periodic-
exponential signal  having a frequency suitable for
5 muscle stimulation;

means for applying said first periodic~exponential
signal to the patient; : _
means for providing a second periodic-exponential
signal having a frequency suitable for sensory
10 . stimulation:; and

‘means for applying said second periodic-exponential
signal to the patient.

22. An apparatus for providing an electrical
stimulation to a patient, comprising:

means for use in providing a first periodic-
exponential signal; '

5 means for use in providing a second periodic-

exponential signal;

means for summing said first and second periodic-
exponential signals to produce a sum signal; and

means for applying said sum signal to the patient.

23. An apparatus, as claimed in Claim 22, wherein:

said first periodic-exponential signal having a
frequency suitable for muscle stimulation.
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means for providing a first substantially constant anplitude pul se signal

havi ng frequency substantially 10 between 40 Hz and 500 Hz; neans for
~adjusting the frequency of said first substantially constant anplitude

pul se signal; neans for selectively gating said first pulse signal

conprising: 15 means for providing a second pul se signa
havi ng a period; neans for adjusting the period of said second pul se
signal; neans for adjusting the duty cycle of said 20 second pul se

signal : and neans for nultiplying s&g first substantially constant
anplitude pul se signal by said second pulse signal to periodically gate
said first substantially constant anplitude pul se signal; 25 nmeans
for summing said s@Kst it iapPhyatesnasanlameg inuchkaisi 28, wehexreingnal and
said first substantialsaya first periodic-exponential signal having a

double-exponential character.

25. An apparatus, as claimed in Claim 23, wherein:

said first periodic-exponential signal having a
substantially constant amplitude.

26. An apparatus, as claimed in Claim 22, wherein:

said second periocdic-exponential signal having a
frequency suitable for sensory stimulation.

27. An apparatus, as claimed in Claim 26, wherein:

said second periodic-exponential signal having a
frequency suitable for sensory stimulation.

28. An apparatus, as claimed in Claim 26, wherein:

said second  periodic-exponential signal having
substantially constant amplitude.

29. An apparatus, as claimed in Claim 22, wherein:

said second periodic-exponential signal is
exponentially amplitude modulated.

30. An apparatus, as claimed in Claim 22, wherein:

said second periodic-exponential signal is blanked
wvhen a pulse associated with said first periodic-
exponential signal is present in said sum signal.

31. An apparatus, as claimed in Claim 22, wherein:

said second periodic-exponential signal is clipped.

32. An apparatus for providing an electrical
stimulation to a patient, comprising:

neans for use in providing a first periodic signal:

means for use in providing a second periodic

5 signal; - .

means for summing said first and second periodic
signals to produce a sum signal having a first periodic
signal portion and a second periodic signal portion;

means for use in altering said sum signal to

10 produce a periodic-exponenﬁial sum signal;

means for applying said periodic-~exponential sum
signal to the patient.

33. AaAn apparatus, for providing an electrical
stimulation to a patient, comprising:
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constant anplitude pul se signal to produce a sum signal; neans for

exponentially anplitude nodul ati ng said sum signal; 30 nmeans for
clipping said substantially constant amplitude sine-wave signal in said
sum signal;  -50- means for blanking said substantially constant

anpl i tude sine-wave signal in said sumsignal when a pul se of said first
substantially constant anplitude pulsg,signal is in said sumsignal; neans
for adjustably nodifying said sumsignal to produce a periodjc-exponential,
sum si gnal ; neans for changing the polarity of said periodic- exponential,
sum signal ; and meangedal [ARPKENInS Bty REINGOY GetBANE N ipBhensid] Si gnal to

the patient at g&gngfg%&hons.

5 means for applying said periodic-exponential to the
patient wherein the electrical load provided by the
patient defines, at least in part, the exponential
character produced by said means for providing.

34. An apparatus for providing an electrical
stimulation to a patient, comprising:

means for providing a substantially constant
amplitude sine-wave signal having a frequency

S substantially between 1000 Hz and 100,000 Hz: '

means for adjusting the amplitude of said sine-wave .
signal;

means for providing a first substantially constant
amplitude pulse signal having frequency substantially

1o between 40 Hz and 500 Hz;

means for adjusting the frequency of said first
substantially constant amplitude pulse signal;

means for selectively gating said first pulse
signal, comprising:

5 means for providing a second pulse signal

having a period;

means for adjusting the period of said second
pulse signal; .

means for adjusting the duty cycle of said

20 second pulse signal; and

means for multiplying said first substantially
constant amplitude pulse signal by said second
pulse signal to periodically gate said first
substantially constant amplitude pulse signal;

25 means for summing said 'substantially constant
amplitude sine-wave signal and said first substantially
constant amplitude pulse signal to produce a sum signal;

means for gxponentially amplitude modulating saia
sum signal; '

30 means for clipping 'said substantially constant
amplitude sine-wave signal in said sum signal;

_'__—‘——_______’____
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35.. An apparatus for use in non-invasively applying an electrical
signal to a structure associated with the eye of a patient, conprising;
means for conducting the electrical signal, wherein 5 said neans for
conducting is adapted for application to the exterior surface of the
patient; and neans for positioninggsaid means for conducting on the
exterior of the patient, wherein a“Substantial portion of the electrical
signal is applied to a 10 .structure associated with the eye of the
patient. 36. An apparmdans, 86r ClrlafRing N sdliai Mhdstanbf By cShpReans for

conducting inclu I Q h ' p f ication to the
exterior 'surfaceqﬁ 1?%@‘%2{1}:& QQT%CS%%,E;%?I %ﬁ% aﬁmyaéi)%ng(rii %’Pg?oat he 5

nt ubs
bone structure déMAEngft ﬁé‘igyef’sr&’fkeqt“ ICIR Ly RANsaRt avPHitidesd in
d ai m 36, wher ei rpulseistomednisfir spddi swmwmigyalncl udes neans for adjusting

the shape of said MeagéadsoredionRdyGbtdly hoALEPMRP MR BaR digmnsiyns of the
eye socket of tt“%roduce a periodic-exponential, sum signal;
means for changing the polarity of said periodic-
exponential, sum signal; and

means for applying said periodic-exponential,-sum
signal to the patient at two locations.

35.. an apparatus . for, use  in‘ non-invasively
applying an eléctrical.signal to a.structure associated
with the eye of a patient, comprising;

means for conducting the electrical signal, wherein

5 said means for conducting is adapted for application to
the exterior surface of the patient; and _

means for positioning said means for conducting on
the exterior of the patient, wherein a substantial
portion of the electrical signal is applied to a

~10 structure associated with the eye of the patient.
38. an apparatus, as claimed in Claim 35, wherein:
said means for conducting includes an electrode
that is adapted for application to the-exterior surface
of the patient .located substantially interior to the
5 Dbone structure defining the eye socket.

37. An apparatus, as claimed in Claim 36, wherein:

said means for positioning includes means for
adjusting the shape of said means for conducting to
accommodate the dimensions of the eye socket of the

5  patient. _ _
38, an apparatus, as claimed in Claim 35, wherein:
said means for positioning includes means for
- substantially stabilizing the location of the head of
the patient, '

3?. An apparatus, as claimed in Claim 38, wherein:

said means for poéitioning includes means for
adjusting the position of said means for conducting to

accommodate the orientation of the eye socket of the
5 patient.

I
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5 patient. 38. An apparatus, as clained in Caim35, wherein: said neans
for positioning includes neans for substantially stabilizing the |ocation
of 4 he head of the patient. 39. An apparatus, as clainmed in C aim 38,
wherein: said neans for positioning includes neans for adjusting the
position of said nmeans for conductxgg to accommodate the orientation of the
eye socket of the 5 patient. | An apparatus for ‘use in '
non-i nvasi vely applying an electrical signal to a structure associ ated Wit h
the eye of a patient, conpr.ising: neans for generating an el ectri cal

signal; nmeans for conducting the electrical signal, wherein satd neans for

conducting is adaptegpfonndPRhp&2htRY 'Por wuse in non-invasively

applying an electrical signal to a structure associated
with the eye of a patient, comprising:

~ means for generating an electrical signal;

means for conducting the electrical signal, wherein
said means for conducting is adapted for application to
the exterior surface of the patient; and

means for positioning said means for conducting on
the exterior surface of the patent, wherein a
substantial portion of the electrical signal is applied
to a structure associated with the eye of the patient.

41 An apparatus, as claimed in Claim 40, wherein:

said electrical signal having an AC component.

42 . An apparatus, as claimed in Claim 40, wherein:

said electrical signal includes an AC component and
a DC component. :

43., An apparatus, as claimed in Claim 40, wherein:

said electrical signal imparts an electrical charge
to the structure associated with the eye of the patient.

4., An apparatus, as claimed in Claim 40, wherein:

said electrical signal having a sinusoidal
component.

M
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the exterior surface of the patient; and neans for positioning said neans
for conducting on the exterior-surface:af : -‘the patent, wherein a substanti al
portion of the electrical signal is: applled to a Stfﬂ?ﬁﬂ{ﬂ,ﬂQQOCiated with
the eye of the patient. 41. An apparatus, as clai ned/Hi SW”Thiﬁpafﬂgerein
said electrical signal having an AC conponent. 42. [ An amma[@gmp
claimed in Caim40, wherein: said el 31 cal signaiTTcHutes—an
conponent and a DC conponent. 43-. An apparatus, as clained in Cla|n140,
wherein: saj I ical sianal | s an electrical charge to the
structure iyggﬁwgfé% éﬁ?haFﬁﬁggyggng KETBQERERAPENE LC\BYR, TRENTUENT, o
claimed in Caim40, wherein: said electrical signal having a sinusoidal
conponent . -

ABSTRACT

The present invention involves a method of treating
a patient by providing a'signal that is exponential in
character (82) to the patient (84). The signal includes
a relatively low-frequency, constant amplitude,
periodic—exponential first component (86). Further, the
signal preferably includes a relatively high-frequency,
periodic-exponential second component (78). The present
invention also includes a method and apparatus for non-
invasively applying an electrical signal to a structure
associated with the eye of the patient (170). The
signal is provided to the structure associated with the
eye in the preferred embodiment of the invention by
positioning a device for conducting the electrical
signal (172a, 172B) at a pbint on the exterior of the
patient that is substantially interior to the bone
structure (224, 226) defining the eye socket.
Preferably, the electrical signal is shaped such that an

electrical charge is imparted to one or more structures
associated with the eye.

This Sheet Has Been Reﬁlaced

This is the replacemeni sheet

Date: 2 8 DEC 1996



1/4

GENERATOR
+V  [PERIODIC-
32 PULSE
31 GENERATOR
30
Fm———m
{ +V GATE
I SIGNAL
1387 i" GENERATOR
1 36
: +V |
' s
o
LN 2
" _
Il 82 .,
. : 82
80
AN
78 : [ 80‘\
787 |
FIG. 24 . - FIG. 2B
82 {
pi
¥ .
N
JAN [ \
~JI /| ~NJ SN o~
22.570 mSec 22,820 mSec 23.070 mSec
FIG. 2C

This is the replacement sheet

" Daie: 2 8 DEC.19%6

PR



2/4

ot 2t SCL gyl vy 9Id P T TR 7
AR X | NQ/H " ﬂwn«l._.m_ 0 u |
= |
054 B ;/H L B _
_ Mo
, U e [ el A !
g mi QR A8 L
N A S| wwass PW\Q:“
».N ARG TR BT R
> 98l _ ———E
_w 2500 1 ] 4
: | | HoLvaNaD |, .
e N,_ R [wal (] 3nd [ Mol
144 8l vo1 1 g5l 128 e d JI00REd | A+
! i ]
_ I 11
. oo “oon " e
g 914 | ounawaea G T - 1
l ONIdINIO ‘ONDINYTIE ] o
I 557 g5 w [
98 ] | ro 1,9 sovsngs| 1
4 . ¥3dVHS i S N
09! H wm VN g6 |
88 _ lgg1 1 o00REd | &
I J7 b= e ——— J
A ~
06
8
_

This is the replacement sheet

2 8 DEC 1956

Date:



3/4

SIGNAL |
GENERATION| 5"4 2480 2500

230
’-/

w‘l\NV\EB!SIo[NI{ G, _ MATCHING QUTPUT }2450
BALANCE | POWER T .
AND POWER AMPS ]
MATCHING QUTPUT 246b
ENVELOPE |, | MAIN PULSE | 950b
940-] MODULATOR || GENERATION
? .
| 236 BATTERY
| avaoe e

This is the replacement sheet

pate: £ 8 DEC 93



o £

4/4

I o
204 . M74a Y794

222 172
212 : ' 220a’

220b

1820 1760 1760 1820

192a . 1925

b (
190qa ( 186 1008

180 . _ ' |

This is the reptacement sheet

' pae: 2 8 DEC 9%



tiesea2-6 105

~-52-

APPARATUS AND METHOD FOR ELECTkOTHERAPEUTIC EYE TREATMENT

Ed

ABSTRACT

The present invention involves a method of treating
a patient by providing a signal that is exponential in
character (82) to the patient (84). The signal includes
a relatively 1low-frequency, constant amplitude,
periodic-exponential first component (86). Further, the
signal'preferably includes a relatively high-frequency,
periodic-exponential second component (78). The present
invention also includes a method and apparatus for non-
invasively applying an electrical signal to a structure
associated with the eye of the patient (170). The
signal is provided to the structure associated with the
eye in the preferred embodiment of the invention by
positioning a device for conducting the electrical
signal (172a, 172B) at a point on the exterior of the
patient that is substantially interior to the bone
structure (224, 226) defining the eye socket.
Preferably, the electrical signal is shaped such that an

electrical charge is imparted to one or more structures
associated with the eye.

Figure 8 : F:'.




