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. BACKGROUND OF THE INVENTION:
30 1. Field Of The Invention:

This invention relates to the field of medical electronics and more particularly to

apparatus for treating human pain by application of an electrical stimulus with the proper
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to in which the stimulus pulses are modulated in both time and intensity in a prescribed manner,

10 the pulse amplitude and width decreasing, while the pulse repetition rate increases and vice
versa. The advantage of this arrangement is said to produce a comfortable and pleasant
sensation at levels sufficient to produce muscle contraction and stimulation of deep afferent
nerves to cause the release of endogenous opiates, such as endorphins, which are thought to
suppress pain. :

15 Deyo, et., al., (NEJM) concluded that Transcutaneous Electrical Nerve Stimulation
(TENS) in patients with chronic low back pain is no more effective than treatment with
placebo, and TENS adds no apparent benefit to that of exercise alone. It is apparent that such
studies are done without the proper application and use of the technology. It is further apparent
that technology is needed that is easier to understand and use by the operator.

20 The reduction of efficacy of a C-fiber input by coactivation of mechanoceptive A-fibers
is the principle underlying transcutaneous electrical nerve stimulation (TENS). The mechanism
involved is referred to as the “Gate Control Theory of Pain Perception” (See Fig. 8). TENS
involves electrical activation of mechanoceptive fibers. Mechanoceptive A-fibers are activated
at lower electrical stimulation intensities than C-fibers, that is, A-fibers have a low threshold.

25  Thus, the mechanoceptive A-fibers can be selectively activated by low intensity electrical
stimulation without increasing the firing rate of C-fibers, that is, A-fibers can be selectively
activated by low intensity electrical stimulation without increasing the firing rate of C-fibers.
As the intensity of stimulation is increased, it is possible to activate both mechanoceptive and
nociceptive fibers. Thus, there is a limit to how much stimulation can be applied in order for

30  the current TENS to work. Patients who use TENS devices are fully aware that if they continue

to increase the stimulus intensity, they have more pain, rather than less pain. The increasing

pain with stimulation is because of C-fiber activation. In some cases, the intensity of
stimulation required to achieve pain relief can be reduced simply by repositioning electrodes

and reducing the current flux through tissues while still reaching A-fiber threshold. In other
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Evidence from the literature, clinical observations and isolated neuronal cell preparation
data suggest that efficacy of this device is best obtained by high frequency, continuous
stimulation with high current density in the area of stimulation. Pacing of A-fibers along with
simultaneous suppression of C-fiber firing provides reliable control of pain syndromes. For

10 the efficacy of the invention to be realized, a quadripolar array of positive and negative
electrodes are arranged in quadrilateral array such that the positive and negative electrodes are .
in the proper close proximity to one another such that high current density can be obtained in
the area of the nerve fiber to be paced. It is a further object of this invention to suppress the
firing rates of C-fibers while increasing the rate of A-fibers. This object is accomplished by

15  placing a Magna Bloc™ device within the stimulating electrode. This device, as will be
demonstrated later, dramatically controls and reduces C-fiber firing. This effect on C-fiber
firing is dramatically illustrated in Fig. 8. Volunteer subjects perceived the pain threshold at
two (2) times the voltage (which translates to current flow) when the Magna Bloc™ device was
placed over the stimulating electrodes. Through this methodology, normal firing patterns can

20  be sent to the central nervous system, frequency coded, for a sensation of comfort rather than
pain,

The device of this invention consists of 4 electrodes per unit. The electrodes consist
of 4 electrodes of alternating polarity and cousist of 2 positive poles and 2 negative poles. The
positive and negative poles of the electrode head are aligned in substantially a single plane and

25  are oriented in a quadrilateral configuration with positive poles oriented diagonally opposite
one another and negative poles oriented diagonally opposite one another. Built into each
electrode is a Magna Bloc™ device U.S. Patent No. 5,312,321 (incorporated herein by

. reference). This device allows maximal A-fiber stimulation without the discomfort of C-fiber
pain and muscle contraction. The Magna Bloc™ controls the excitability of neuromuscular
’ 30  units and blocks C-fiber firing.

Another object of the invention is to maintain current density sufficient to send A-fiber
impulses into the dorsal horn in the area of the innervation of the C-fibers involved in the pain
syndrome, in sufficient density to block C-fiber input into the central nervous system. This is

accomplished by placing electrodes in the correct proximity to each other using the Magna
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method of therapeutically placing an alternating electrode DC frequency modulated device on
the human body to relieve pain, which has well controlled current density in which C-fiber
firing is controlled by a Magna Bloc™ field which generates a flux field gradient in the “2”
axis of 60° to 70°,
This aspect may further provide repetition of these steps for additional containment
20  bodies for attachment to the human body at additional placement positions.
Brief Description of the Drawings
Fig. 1 is a prospective view of the treatment device electrodes according to one
embodiment of the invention.
Fig, 2 is a plan view of the treatment device which powers the electrode of Fig. 1.
25 Fig. 3 is a block diagram of electrical stimulation apparatus according to the invention
(fig. to follow).
Fig. 4 is a circuit diagram of the device in Fig, 2 - pending, will follow up with this submission.
Fig. 5 depicts useful locations for the placement of the electrodes of the invention.
Fig. 6 depicts in graphic form field intensity of the magnetic quadripolar portion of the
30  electrodes of the device, as determined by scanning in a systematic parallel plane 0.3 cm above
the surface of the Magna Bloc™ device.
Fig. 7 is the Gate Theory of Pain Perception and
Fig. 8 is the change in somatosensory thresholds to electrical stimulus when treated with
Magna Bloc™. _ /
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The electrode complex of the treatment device of the current invention is schematically
illustrated in Fig. 1. Treatment device electrode 10 includes an adhesive means 11 for holding
the electrodes 12 and the Magna Bloc™ Devices 13 in contact with the human body.
According to the invention, electrode 12 is preferably comprised of 4 electrodes, 2 of which

10 are positive, 2 of which are negative and all of which are electrodes defining opposite diagonal
vertices of the quadrilateral shape. Each electrode pad contains a Magna Bloc™ which snaps
in position by an aluminum snap.

As embodied herein, Magna Bloc™ 13 (magnetic flux generator) comprises four
substantially identical magnetic poles held in a plastic containment means that will hold the

15 magnetic bodies in the desired configuration (see U.S. Patent No. 5,312,321) and which
produces a 60° to 70° gradient in the “2” axis (see Fig. 5). The gradient is the slope of the field
intensity change over distance.

The embodiment of this invention further contains conducting wires 15 and 16 which
connect to electrode wires 21 through connectors 20. The conducting wires 15 and 16 are

20  contained in conducting cable 14. Further embodied in this invention is voltage sensor 17 with
electrode connector cables 22 which are ultimately housed in conductor cable 19.

' The beneficial effects of this invention are brought about by the ability of the system

to maintain a proper current density or flow between the electrodes on a continuous basis in the

area of the A-fibers and C-fibers involved in the pain syndrome under treatment. The desired

25 current density is maintained by the electrode pads 12 which are controlled by range monitor

{within the housing) and alarm system. The intensity of the current flow will be dictated by

a voltage sensor 17. The current flow will alternate every 2 seconds in electrodes B to A, C

. to D, Cto A and B to D. The density of current flow can be operated at 2 much higher level

than in the classic TENS due to the placement of the Magna Bloc™ device 13 within the

30  electrode 12. The Magna Bloc™ 13 completely relieves the discomfort of C-fiber firing when

the C-fiber threshold is exceeded (see Fig. 8). The Magna Bloc™ 13 blocks C-fiber firing,

therefore giving a favorable balance to A-fiber/C-fiber ratio anc therefore makes this device

very effective in relieving pain (see position suggestions for treatment in Fig. 6). For the

Magna Bloc™ to control C-fiber firing it must have a field gradient of >45° <90° in the “z”
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1. FIGURES
IV. APPENDIX

Summary and Conclusions:

20 The data in this document demonstrates that the invention unit will block C-fiber
mediated pain and hyperalgesia created by the intradermal injection of capsaicin in human
volunteers. This response is well documented by current density (current flow or density is
calculated by the voltage from a stimulating electrode to any location of the treatment area, the
resistance is calculated by an ohm circuit, with voltage and resistance - current density may be

25  easily calculated) dose response curves in Fig. 10 as well as the demonstration in Figs. 12 and
13 that the area of hyperalgesia increases in size after the unit is turned off for five minutes (A-
B-A observation). Figs. 12 and 13 demonstrate the synergetic effect of the invention on a
common pathway i.e. nociceptor input into the central nervous system.

I. INTRODUCTION

30 The data in this document demonstrates that the invention unit will block C-fiber
mediated pain and hyperalgesia created by the intradermal injection of capsaicin in human
volunteers. This response is well documented by current density (current flow or density is
calculated by the voitage from a stimulating electrode to any location of the treatment area, the

resistance is calculated by an ohm circuit, with voltage and resistance - current density may be
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Pain defines pain as “unpleasant and emotional experience associated with actual or potential
tissue damage.”

B. Pain Pathways and Pain Sensation. The central nervous system integration of pain pathway

stimulation takes place in the cerebral cortex. Fig. 9 of the attached exhibits presents a
10 schematic representation of the anatomical connections associated with pain perception. The
generation of the impulse usually begins in the peripheral nociceptors. The primary afferent
neurons are largely A-delta and C-fibers. Pain intensity is related to the firing frequency of the
impulses along the pathway. The various structures which have connections along the pain
pathway affect the ultimate pain intensity and perception. Very complex circuits affect the pain
15  perception involving both excitatory and inhibitory relationships.
C. Pain Impulse Generation, The Pain impulse (i.e. volley of action potentials) may be
generated in the nerve ending (i.e. the receptor field) or anywhere along the pain pathway. Any
stimulus or injury which results in repeated depolarization of the afferent neuron cell wall will
result in a volley of action potentials which are conducted into the central nervous system.
20 1. METHODS OF INTERRUPTION OF THE PAIN IMPULSES

A. Electrical Stimulation, Various methods of electrical stimulation have been used in an

attempt to control acute and chronic pain. The theories have largely included: 1)The Gate

Control Theory and 2)The release of endorphins which block pain transmission. The most

widely accepted is the Gate Control Theory. The reduction of efficacy of a C-fiber input by

25  co-activation of mechanoceptive A-fibers thereby increasing the ratio of A-fiber/C-fiber is a
principle mechanism. The net result is to increase the frequency of A-fiber firing to C-fiber

firing. This results in a net decrease in nociceptor impuises into the central nervous system.

. Mechanoceptive A-fibers are activated at lower electrical stimulation intensities than C-fibers,
that is, A-fibers have a low threshold. Thus, the mechanoceptive A-fibers can be selectively

. 30  activated by low intensity electrical stimulation without increasing the firing rate of C-fibers.
As the intensity of stimulation is increased, it is possible to activate both mechanoceptive and

nociceptive fibers. This decreases the ratio of A-fiber to C-fiber firing and, as the stimulus
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stimulation for 60 minutes. Fig. 11 represents the change in surface hyperalgesia and
hyperesthesia at threshold current for 15 minutes, 30 minutes, 60 minutes and for 5 minutes at
suprathreshold. The remainder of the Figs. are self explanatory if reference is made to Fig. 10
15 or11. Fig. 8 represents the evaluation of hyperalgesia at 15 minutes, 30 minutes, 60 minutes
in both placebo and Magna Bloc™ treated arms, and the numbers 1 to 5 on the right are the
same subjects (1-1, 2-2, 3-3, 4-4 and 5-5), but the opposite arm, which is placebo treated. We
also demonstrated that the effect on blocking C-fiber transmission is related to current density
in the area of pain generation. We have made the unit more effective by changes in electrode
20  design and have demonstrated that the Gate Control mechanism is compatible with our
findings.

Nociceptive C-fibers are ordinarily quiescent. However, a tissue-damaging stimulus
activates free nerve endings imbedded in the dermis. This transducing step involves the influx
of calcium to produce a generator potential. Once the generator potential reaches threshold,

25 action potentials fire and are conducted centrally along C-fibers toward the spinal cord. The
net result is that stimulation of C-fibers alters the ratio of A-fiber to C-fiber activation, which
in turn increases the firing rate of the T cell and leads to pain perception, according to the Gate
Control Theory of pain. The intgnsity of pain is proportional to the firing rate of the T cell.

The invention has been shown to decrease the firing rate of C-fibers both in vitro and in vivo.

30 The alteration in the ratio of A-fiber/C-fiber firing rate results in pain relief
B. Magna Bloc™ TMNS. Nociceptive C-fibers are ordinarily quiescent. However, a tissue-
damaging stimulus activates free nerve endings imbedded in the dermis. This transducing step
involves the influx of calcium to produce a generator potential. Once the generator potential

reaches threshold, action potentials fire and are conducted centrally along C-fibers toward the -

-



Fig. 5 depicts useful locations for the placenent of the el ectrodes of the

I nventi on. Fig. 6 depicts in graphic formfield intensity of

t he magnetic quadripolar portion of the 30 el ectrodes of the device, as

det er mi ned ing in a systematic parallel plane 0.3

t he surfaceb%op%tgﬁieb@#vagna Bl oc[err] devi ce. F%g&ﬁggﬁs?he Gat e
Theory of Pain Perception and Fig. 8 is the change in

somat osensory thresholds to el ectrical $timul us when treated with

Bl . 7/.02861
I\P/BC-?-? 359 6??.{)2 gsrglnal cord. The net result }/s\lt)ha% s{irgulggon of C-fibers alters the ratio of A-fiber _tq-)c-ﬁber

Fig. 9-Fi g lGctivation, whieR ¢ furPincRBsed thd fitthgMaRi B e cBMBAALABNS pain perception,
Ref erence will ngw be nade in detail t o the presently preferred enbodi nents
of the according to the Gate Control Theory of pain. The intensity of pain is proportional to the firing

rate of the T cell. The Magna Bloc™ has been shown to decrease the firing rate of C-fibers

. 5  bothinyvitro and in vivo. The alteration in the ratio of A-fiber/C-fiber firing rate results in pain

relief in the same way in which the TENS brings about pain relief.
The Effects of Magna Bloc™ on C-Fibers which have been
Stimulated by Capsaicin in Human Volunteers

Intreduction

10 This report summarizes my analysis of the data collected in March, 1991 in a clinical study that
was designed to test whether the treatment device of this application has a therapeutic effect
on the human arm against which the device is applied. The tests were performed in conjunction
with Jose Ochoa, M.D., Ph.D., DS.C. at Good Samaritan Hospital and Medical Center in
Portland, Oregon. Dr. Ochoa is the Director of the Peripheral Nerve Disease Unit at Good

15  Samaritan Hospital and Medical Center.

1. The clinical study was performed on five test subjects. Two of the test subjects were tested

two times. The test subjects ranged from 37 to 50 years of age. Two subjects were female and

three were male. Each of the test subjects was in good health. None of the test subjects were
- taking any medications.

20 2. The tests were conducted by a test investigator and a testing assistant. Each test subject was
tested one time using an “active” magnetic treatment device (Magna Bloc™). The “active”
treatment device used in the tests had four 1/2 inch diameter magnets, each having a magnetic
energy product of 27 MG-Qe, all encased in an opaque plastic housing. Each test subject was
also tested with a “placebo” device. The “placebo” device looked and felt identical to the

25 “active” device, except in the placebo device, the four magnets were placed with four non-
magnetic metal cylinders. The order of active or placebo testing was randomly selected by a
coin toss. The test subject and test investigator did not know when a specific test was using
the active device or the placebo device.

3. Each test subject was tested on one arm with the active magnetic treatment device and on
' 30 the other arm with the placebo device. The arm allocation (right arm or left arm first) was

randomly determined by a coin toss.

4. The following procedure was followed for each test, whether the right arm or left arm was

tested and whether the treatment was active or placebo.

A. Aninjection point was identified on the volar forearm of the test subject 17.5 inches up



I nvention, exanples of which are illustrated in the acconpanyi ng draw ngs.

Throughout the 5 drawi ngs, |like reference characters are used to
designate |ike el ements. The el ectrode conpl ex of the
treatment devjs ket he current invention is schematically

illustrated in %{ o eat ment device el ectrode 10 incl udbS an AdHesi ve
means 11 for hol d| ng t he el ectrodez 12 and the Magna Bl oc Devices 13
in contact with the hunman body. Er di ng to the invention, elect rode
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el ect rOdeloconQe&E(%'om%iete 3 _%2 tq permi e o¥‘ houg gesna
cabl e 19. I 7 0 PRI PSP of {1 20e8 G FERPPOH e
br ought about (skin pmhauaﬂm lighttsyrolkdiig witlea Softoh eWab). Followidgthi¥andakibmenn, thé Gdtinent

current densi or fl.ow en the el ectraqdes, on a conti nuo aS|s in the
area of the A ?V"."ffewgﬂmf tete\ﬁve Plaged back, BYey L tRCOR PO %ﬂ’éwﬂffeglffé QF fRREAsurng

treatmnent. Thaudxfe%wmea esia wﬁyfeb@ﬂéd #A80Sikuted hePRjedficH. ned by the el ectrode
pads 12 which are Act%%tnrm?utes after mjecr:t(?orrll t%e rtrxggtln}egtr device was removed from the test subject’s
15 arms and the area of cutaneous hyperalgesia was measured a third time. The area of
hyperalgesia was measured at 15, 30 and 60 minutes after capsaicin injection. The area of
hyperalgesia is determined by lightly stroking the skin with a cotton swab in a manner that
would not ordinarily cause painful sensations. The area around the injection point where this
light stroking caused pain to the test subject was traces and measured in square centimeters.
20  The hyperalgesia area measurements for test subjects appear in the table (area of hyperalgesia).
5. Robert A. Parker is a biomedical statistician who has retained to analyze the data from the
clinical study described above. Mr. Parker received a Bachelor of Science degree in Math from
the Massachusetts Institute of Technology in 1970; received a Master of Science degree in
Medical Statistics from the London School of Hygiene and Tropical Medicine in 1976; and
25  received a Doctor of Science degree in Biostatistics from the Harvard School of Public Health
in 1983. Mr. Parker is currently an Assistant Professor at the Vanderbilt University School of
Medicine. _
6. Mr. Parker found that the differences in results between active and placebo treatment were
statistically significant for the measurements of area of hyperalgesia at 15, 30 and 60 minutes.
30 The Effects of TENS (Transcutaneous Electrical Nerve Stimulator)
on Hyperesthesia and Hyperalgesia Mediated by C-fibers which

have been stimulated by Capsaicin in Human Volunteers

1 One test subject showed no response to a 1 microgram dose of capsaicin and was accordingly
injected with a 5 microgram dose of capsaicin,



(wmthin the housing) and al arm system The intensity of the current flow
‘Wi || . be dictated by a voltage sensor 17. The current flow wll
alternate every 2 seconds in electrodes Bto A C to Db Cto A and B

to D. The deqgd ey current flow can be operated at a rruchﬁ,g%;%“#gvel
than in the classic TENS due to the placenent of the Magna err| device

13 within the 30 el ectrode 12. The Magna Bloc[err] 13 conpletely
relieves the disconfort of Cfiber firing when the C-fiber threshold

ecieseded, (oo duo Tl Mo RS L e A BT S o
makes this deuf Dleurology, Vandertyit ®fnfvenity Wedical Cedtéreivi NighiRe, ITenfid@See) OFtel udin
Su9GeSt 1 one 1 1 DEPRTERL ok i ne BV s s ML RSB ShSL doi e
"z" or intd¥h HoBidfdrs (C-fibers) firing in a human pain model in which 1 microgram of
PCT/ US96/ 10589 6-
axi s- 5 capsaicin is injected intradermally and the area of mechanical hyperalgesia and hyperesthesia
are evaluated with time. The purpose was to evaluate substantial equivalent mechanism of
action.
1. The clinical study was performed on three (3) test subjects using both arms for the study.
Variables were time, current density and combinations of TENS and Magna Bloc™. The test
10 subjects ranged in age from 28 to 60 years. All test subjects were male and in good health.
None of the subjects were taking any medications.
2. The tests were conducted by a test investigator and a testing assistant. We used an EPIX
XL™ TENS unit with 4 electrodes for stimulation. The 4 electrodes of the TENS unit were
placed over the corners of a S cm square. The polarity of each electrode was opposite to the
15 electrode in the next comer and the same polarity as the electrode in the opposite corner. Each
subject was tested one time using 2@ TENS unit_at subthreshold intensity in one arm and a
TENS unit at threshold intensity followed by suprathreshold intensity in the other arm.
Subthreshold level was defined as the minimal intensity perceived by the subject and
Suprathreshold level was defined  as the maximum intensity tolerated by the subject and
20  described as discomfort, but not pain.
3. The following procedure was followed for each test.
A. Aninjection point was identified on the volar surface of the forearm of the test subject,
17.5 cm up the arm from the test subject’s wrist. The injection point was marked with an ink
dot. The treatment device was centered over the injection point of the test subject’s arm for 15
25  minutes. After 15 minutes, a 1 microgram dose of capsaicin was injected on to the subject’s
arm (intradermal) at the injection point. Capsaicin is the pungent active component in chili
peppers. Capsaicin has been found to activate the c-nociceptor nerve fibers in humans,
resulting in pain and secondary hyperalgesia through a polysynaptic, reflex that convey painful
stimuli to the central nervous system.

' 30 B. The areas of hyperesthesia (increased sensation to light touch by sliding over the skin
the wood piece of a cotton swab) and hyperalgesia (skin pain to light touch by sliding over the
skin the wood piece of a cotton swab) were measured at 15, 30 and 60 minutes after the
injection of capsaicin and 5 minutes after the use of supratheshold stimulation, Magna Bloc™

The areas of hyperesthesia and hyperalgesia were marked with ink lines and measured in



‘The controlling mechanismof this treatnment device as shown in Fig. 2

contains a TENS generator unit 23 which contains the battery source,
pul se generator, intensity controls 25, frequency controls 26,
duration conty@bfioadss, CuUrrent density nodulation polarity spidg 3“1

means, current density nodul ation cable 19 wth mal e connect or Eg

femal e connect or 29. Cabl e 14 mal e jgonnector plugs into femnal e
connector 24. On-off and alarmlight are contai ned wi thin the cabi net
housi ng. Experinmental Data Tabl e of Contents 10 l.
| NTRODUCTI ON Sqépeo&%&]b@g a. Pain b. Pain Pat hways and Pain
Sensat i on Capsaicin Modelc. Pai n | npul se Generati on 1. METHODS OF

| NTERRUPTI ON OF RAI N. 1 MU I, S
b. Magna Bl oc] er(ll? sml\/ﬁlel.‘?l-:ﬁo‘i gfive ReytignQERot pepper. f 373 é&'ﬁgéﬂﬂ‘%’éﬁ% egu’ g@ﬁmﬁary

and Concl usi Ofifvestiators that capsa:cmeerda}eateu ntb hhésmﬁuawhalﬁﬁ BBt dkQSsivelyat
the invention unit wll block Cfi nedi_ at ed pain and hyperal gesi a

created by t haferept Pﬁ'd@?%(c'f h?rbeqq'qs‘ﬁtoaﬁr Tspsdere.Gfiberimpylpaginto the central nervous

vol unteers. Thjsfont %%P&eﬁ/eh%s weh! ERcoamat KREvaonGHmbRRs 20931 Eord &k VR
flow or density is cal cul ated by the voltage froma stinulati n%b
er

el ectrode to atfpulptes the wympathetihE-fibee afferants ingthegirea; ofethe capsaicin injection. C
efferents overly sensitize the skin. The resultant effect is over sensitization of the skin which

causes pain perception upon light touch. The area of hyperesthesia and hyperalgesia are related

10 to C-fiber afferent firing rates. Therefore by use of this model one may evaluate the effect of

treatment upon stimulation and conduction of painful impulses mediated by polymodal
nociceptors.

The unit basically allows consistent results on pain treatment because of the ability to

produce symmetric current density which is selective for stimulation of A-fiber and suppression

15 of C-fibers. This urit is much more effective and comfortable.



resistance is calculated by an ohmcircuit, with voltage and resistance -

-current density may be 25 easily cal cul ated) dose response curves in
Fig. 10 as well as the denonstration in Figs. 12 and 13 that the
area of hyper |2 I ncreases in size after the unit is tu or
five mnutes \?kﬁ}?fﬁig‘& B- A observation). Figs. 12 and 13 d?@rrgﬂ)g%%f% t he
synergetic effect of the invention on a 3 common pat hway i . e.

noci ceptor input into the central ner voud system . 1 NTRODUCTI ON

The data in t E doglums t denonstrates that the invention unit will block
C-fiber pai n and hyperal gesia created by the intradermal

i njection of capsaicin in AwEBial electronic ¥fiarlbLRF freatihB hEmbf AR B ehel sppNRtidn
docunented by current, density (current flow or density is cal cul at

by the vol t agefepslertEcastimubaith dhreqrers Foue densingnd owatiplappenstio fiyg generator
treat ment ar egyimha§ 1o the body Skl SofigHskig! at ed by an ohmcircuit, wi
vol tage and resistance - current density may be WO 97/ 02861
PCT/ US96/ 19589 an electrode complex of the treatment device which includes an adhesive meansfor holding
the 4 electrodes of the device in contact with the human body.
the electrode complex is preferably comprised of 4 electrodes which are 2 positive and 2
negative electrode defining opposite diagonal vertices of the quadrilateral shape.

the electrodes are supplied by power means to activate and generate an electrical stimulus.

10 each electrode pad contains a Magna Bloc™ which snaps into position by an aluminum
snap.
2. The therapeutic medical electronic apparatus of claim 1, wherein said electrode

complex is constructed with the individual electrode pads at sufficient distance apart to allow
for the proper current density in the field of stimulation.

15 3. The therapeutic medical electronic apparatus of claim 2, wherein the electrode
complex is contained in a single contiguous unit which includes an adhesive means for holding
the electrodes in contact with the human body.

4, The therapeutic medical electronic apparatus of claira 3, wherein the 4 electrodes
of the complex each hold a quadripolar magnetic flux generator for the purpose of modulating

20  C-fiber activity.

5. The therapeutic medical electronic apparatus of claim 4, wherein the quadripolar
rﬁagnetic flux generator is composed of 4 circular, center charged, neodymium magnetic poles
in alternating polarity and generating a three dimensional flux field gradient ->45°© <90¢° in the
"Z" axis.

25 6. The therapeutic medical electronic apparatus of claim 5, wherein the quadripolar
magnetic flux generator suppresses C-fiber firing, thereby aliowing a favorable ration of A3/C-
fiber firing and thereby more efficiently blocking peripheral generated pain.

7. The therapeutic medical electronic apparatus of claim 6, wherein the electrode
complex is comprised of 4 electrodes, 2 of which are positive, 2 of which are negative and all

y 30  of which are electrodes defining opposite diagonal vertices of the quadrilateral shape.

8. The therapeutic medical electrical apparatus of claim 7, wherein each of the 4
electrode pads of the complex contains a quadripolar magnetic flux generator (Magna Bloc™)
which snaps into position by an aluminum snap.

9. The therapeutic medical electronic apparatus of claim 8, wherein the magnetic flux
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easily cal cul ated) dose response curves in Fig. 10 as well as the
~denonstration in Figs. 12 and 13 that the area of hyperal gesia
increases in size after the unit is turned offfor five mnutes (A-

B- A observat W;.,m@lgs 12 and 13 denonstrate the syner getl&‘f‘?’{’ ﬁ&sss?f t he
I nvention on a common pat hway i.e. nociceptor input e central
nervous system 5 A. Pain. Painis anmultifactorial perception. The
Internatlonal Associ ation for the Study "~ ¥ Pai n defines pain as

“unpl easant and em)tl nal, ri ence associate tual or ot I, al
ti ssue dammgeSenerator o ’@e ipye &%‘EW% o4, §ubstey ’a]@éh dﬂagn?ti‘ﬁa g?r?ilm a

nervous syst epiudtidicemthimireM mérhs Bt Hilltd W8 Ynagnetic bodibd iihddsipéd 50%5%5‘&16&%@ in
the cerebral cortex. Fig. 9 of the attached exhibits presents a

schematic r e pWBisk ptoguges 3 697 tq e magpednflecfelderadientin BesZaadsci ated with pain
perception. Theyo —ThORRESANE AR clePforiMithaEs ST U ¥ AN Gl Bhdit fux
peri pheral nociceptors e primary affere neur’ons are gely
A-del ta ahd Chdld pradient IPealwldtedﬁwm'rthqsldps of the dielddntensity klange ovangxsfanetquency of
t he I mpul ses alk.on the [ St Uhes Wthh a
connections al 028 thgge Qherapeu e\é%¥1 elechr%mﬁ {?rg?s"ﬁ%tf r”%l mat thfeln Frﬂ's\énm ty
and percept i Omainteins g/pmparmumentodenmyldrﬂowfﬁemn tHe&lqnaodbsbﬁ a conqhﬁ:boetpx‘sis (imthe

I bot h h b ati
| mpul S Genor8Ed Shine Fribels A G R S n e i R e tpmetent | al's) may

be " glener auﬁd | Thé H&ardpﬁﬁt‘ibemediiehl nfecfronie ap;ﬁdﬂﬁri eﬁe}ahgmfwér\él\i}: tﬁéh de51red|
any ereaon epaln pat mul us or | C res ts
in repeat'fd Ldensity fs Wtﬂm%ﬁéheﬁ%?@rﬂadmﬁ%ﬁe eelptrolwah a{gnge monitor and

result in a vihfWsem B8tk Fh@elpé%ts‘éﬁgo%}a utvmin@bvart Gomdh stRbed 1l the Exti@m the
central nervous system 20 I | NTE UPTI ON OF THE PAI N

| MPULSES field pf treatmaenty cal Stinulati on. Varl ous met hods of electrical
stinulation hav%.bee?hé'ﬁ@:gpéuﬂc fhddical electronic apparatus of claim 12, wherein the current flow

will alternate every 2 seconds among the 4 electrodes.

15 14.  The therapeutic medical electronic apparatus of claim 13, wherein the current ﬂow
can be operated at a much higher level than in the classic TENS unit due to the placement of
the Magna Bloc™ device within the electrodes.

The magnetic flux generator completely relieves the discomfort of C-fiber firing and doesn't
allow the C-fiber threshold to be exceeded.

20 15.  The therapeutic medical electronic apparatus of claim 14, wherein the magnetic flux
generator of the invention blocks C-fiber firing, thereby giving a favorable balance of the A~
fiber/C-fiber firing ratio. |

16.  The therapeutic medical electronic apparatus of claim 15, wherein the generating
and controlling apparatus contains a TENS generator unit which contains a battery, pulse

25 generator, intensity controls, frequency controls, duration controls, current density modulation

and polarity switching means and electrical connecting means for all of the functions,

DT



attenpt to control acute and chronic pain. The theories have largely

i ncluded: 1)The Gate Control Theory and 2) The rel ease of endor phins
whi ch bl ock pain transm ssion. The nost wi dely accepted is the Gate
Control Theon reduction of efficacy of a C-fiber inpu %
co-activati or?v%?%rr%?: anoceptive A-fibers thereby increasi ngi’? S’r%glﬁsg of
A-fiber/Cfiber is a principle nmechanism The net result is to

i ncrease the frequency of A-fiber fi ri{?y o, C-fiber firing. This
results in a net decrease in nociceptof/i | ses into the central nervous
system Mechanoceptive A-fibers are activated at | ower electrical
stinmulation intensities than C-fibers, that is, A-fibers have a | ow

t hreshol d. Thus, the nechanoceptive A-fibers can be selectively 30
activated by lowintensity electrical stimulation w thout increasing the
firing rate of C-fibers. As the intensity of stinmulation is
increased, it is possible to activate both nechanoceptive and

noci ceptive fibers. This decreases the ratio of A-fiber to Cfiber fifing
and, as the stinulus WD 97/ 02861
PCT/ US96/ 10589 Vi +

i

s

o

Fig. 1 is a prospective view of the treatment device

electrode according to the preferred embodiment of
the invention.



intensity increases, the patient experiences nore pain, rather than |ess,
because of C-fiber activation and the decreasing A-fiber/C-fiber
firing ratio. In sone cases, it is not possible to achi eve pain
relief at sufywoohgkly |ow intensities to selectively activgpe "%ﬁéﬁ’ In
t hese cases, pain may be increased with increased s

intensity and the TENS is said to have fail ed. 5 We have
denonstrated that the mechanismof this invention involves blocking Cfiber
noci ceptor input into the central nervgyz éften] W used the capsaicin
nodel and denonstrated that th xi imental unit blocks C-fiber
nmedi at ed hyperest hesi a and hyperal gesia (See Figs. 10 through 16).
Fig. 10 is a denonstration of the dose response of the area of
capsai cin i nduced hyperal gesia and hyperesthesia with increasing current
density. The 10 area of hyperesthesia and hyperal gesia is expressed in
cnferr] and the intensity is expressed as Jﬁ%ubthreshold, t hyeshol d
and suprat hreshol d (see.appendi x). The notatizfzbf 60m nmeans

stinmulation for 60 mnutes. Fig. 11 represent he _change in su

hyper al gesi a and hyper est hesj&at threshold current TOM15 m nutes,
30 mnutes, 60 mnutes and for 5 mpAutes at suprathré;;§$6: The
remai nder of the Figs. are self exg@lanatory if reference is to Fig. 10
15 or 11. Fig. 8 reprgsents th
m nutes, 30 m nutes, 60 nut es in both placebo and Magna Bl oc[err]
treated arns, and the/nunbers 1 tgi5-on the right are the sane

subj ects (1-4 =4 and 5 5), but the opposite arm which is

pl acebo treated. Vé argo denonstrated that, the effect on bl ocking
C-fiber transmssion is rglgte curx-€t de?skr in the area of
pai n generation. W@ t nore gifective by changes in

el ectrode 20 de<ign and' Cont r ol

mechani smis corrpati bl ez t

Noci cept i fibers are{or
stinmul us jﬁv4?hﬁlfy

¥a|uat|on of hyperal gesi a ato15

’

TS 4
y quilescefit. meve%,ﬂ%Dtissue-danaging

-9 @° @a
O & 6.
G - O ¢ @0{

?eﬁueuay

Duva 7L/o Y

ANe urp PGcl
[

Fig. 2 is a plan view of the treatment dev: ,
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activates free nerve endings inbedded in the derms. This transducing step
I nvol ves the influx of calciumto produce a generator potential.
Once the generator potential reaches threshold, 25 action potentials
fire and arewgfigded centrally along Cfibers toward the ;@yﬂg#? yd. The
Is that stinulation of Gfibers alters the ratio © -frroer to

net result
C-fiber activation, which In turn increases the firing rate of the T

cell and | eads to pain perception, accoggi g o the Gate Contr ol
[ ﬁf to the firing rate of

Theory of pain. The intensity of pain i rtional
the T cell. The invention has been shown to decrease the firing rate

of C-fibers both in vitro and in vivo. 30 The alteration in the ratio of
A-fiber/C-fiber firing rate results in pain relief B. Magna

Bl ocl.err] TMNS. Nociceptive C-fibers are ordinarily quiescent. However, a
tissue- damagi ng stinulus activates free nerve endi ngs inbedded in

the derms. This transducing step i.nvol ves the influx of calciumto
produce a generator potential. Once the generator potential reaches
t hreshol d, action potentials fire and are conducted centrally al ong
C-fibers toward ghe WO 97/ 02861
PCT/ US96/ 10589 ;
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-9- spinal cord. The net result is that stinmulation of Cfibers
alters the ratio of A-fiber to Cfiber activation, which in turn

i ncreases the firing rate of the T cell and | eads to pain perception,
according to ths Control Theory of pain. The intensity

proportional to the iring rate of the T cell. The Nhﬁ%ﬂﬁgpgg?grr]
has been shown to decrease the firing r Ve Qg C-fibers 5 both in vitro
and in vivo. The alteration in the rati ? -fiber/C-fiber firing rate
results in pain relief in the sane way in which the TENS brings about
pain relief. The Effects of Magna Bloc[err] on C Fi bers which have
been Stimul ated by Capsaicin in Human Vol unteers I nt roducti on
10 This report summarizes ny anal ysis of the col l ected in March,
1991 jn a clinical study tk [ est whet her the
treatment device of this applilcation has a ther ng ef fect on the
human arm agai nst which t ts were perforned in

conj unction W t h ‘sppo M D., Ph. D . at Good Sanmaritan
Hospi tal and Medical Centely, |db—ix Portl and, gn>xDr. Cchoa is the
Director of the Periphera LB L) sease ‘M]J_L _ Samaritan

Hospital and Medi cal

five test subjects. subj ect s re teste two tines.
The test subjects rang fyom-37/tp 50 years|off~age. T ubj ects were
femal e and Eﬁ}Ch of the t | ecf s was in good
heal t h. None of the t di cations. 20
2. The tests were conguc ed Ist—ignvest/l g 2 ) ting assistant.

Figure- 6 This figure depicts useful locations for the placement of the treatment device
for certain chronic neuropathic pain syndromes and certain chronic arthritic pain
syndromes.

1) Cervical pain syndromes secondary to cervical neuropathics, myleopathics
and/or arthritis - locations 1, 11, 12, and 13 included for high cervical lesions.

2) Joint painsecondary to arthritis - a) Shoulder 10, 15, 16, b) elbow 7, c) Hip
3and 17, d) Knee 20 and 21, Ankle 4 and 22, f) TMJ - 14,

3) Thoracic, lumbosacral neuropathi¢ and myelopathic pains. The exact location
is dependant on the location of the pathology. Location 8 and 9 are
demonstrations of the location of placement for Ty,L, and T,-,q respectively.
Lumbar L, - L, and, L,-S, and S,-S, dre treated by location - 2, 6 and 5,



tested one tinme using an "active" magnetic treatnent device (Mgna
treatnment device used in the tests had four

Bloc[err]). The "active"

1/2 inch diameter magnets, each having a magnetic ener gy product of
27 MG Ce, all whegmed 1 n an opaque plastic housing. Each tes ubj ect was
also tested with a "placebo" device. The "pl acebo" device | %% el t

identical to the 25 "active" device, except in the placebo device, the
four magnets were placed with four non- magnetic netal cylinders.
The order of active or placebo testing @gz ﬁ@gdon1y selected by a

coin toss. The test subject and test invesStigator did not know when a
specific test was using the active device or the placebo device.

3. Each test subject was tested on one armw th the active magnetic
treatment device and on 30 the other armw th the placebo device. The arm
allocation (right armor left armfirst) was random y determ ned by
a coin toss. 4. The follow ng procedure was followed for each test,
whet her the right armor left arm was tested and whet her the
treatment was active or placebo. A. An injection point was
identified on the volar forearmof the test subject 17.5 inches up
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the armfromthe test subject's wist. The injection point was nmarked with
an ink dot. treatment device (active or placebo) red
over and agaitﬂgtw?’ﬁg I njection point of the t est subfé@?‘sggﬁgsrgn for
15 mnutes. After 15 mnutes, the treatnment device was renoved from

the test subject's forearmand a 1 m crogram dose of capsaicin was injected
into the test 5 subj ect's arn1(intr?§8rfa]) at the injection
point.[err] Capsaicin is the pungent ac e’ conponent I n hot chil
peppers. Capsaicin has been found to activate the c-nociceptor nerve fibers

in humans that convey painful stimuli to the central nervous system
B. Imediately followng injection, the treatnment device was placed back
over "t he capsaicin injection point. At 15 mnutes after the

I njection, the treatnent device was renoved 10 briefly fromthe test

subject's armto pernmt neasurenent of the area of cutaneous hyperal gesia
(skin pain due to light stroking with a cotton swab). Follow ng this
measur enent, the treatnent device was i nmedi ately placed back over
the injection point. This procedure for neasuring cut aneous

hyper al gesi SEANGE PEHMATASENSORY THRESHOLDS T ELECTRICAL SHHTULUS WHEN TREATEDAt 60
mnutes after injection, the treatHEAMANARPGEs renpved fromthe test

subject's 15 arnms and the area of cutaneous hyperal gesia was neasured a
third tinme. The area of hyper al gesi a was neasured at 15, 30 and 60
m nutes after capsaicin injection. The area of hyperal gesia is

determined by lightly stroking the skin with a cotton swab in a manner that
woul d not ordinarily cause painful sensations. The area around the
I njection point where this
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| i ght stroking caused pain to the test subject was traces and neasured in
square centineters. 20 The hyperal gesia area neasurenents for test

subj ects appear in the table (area of hyperal gesia). 5. Robert A
Parker is a biyyy®mhsal statistician who has retained to analyze the data
fromthe clinical study described above. M. Parker receiSspss®
Bachel or of Science degree in Math fromT t he Massachusetts Institute
of Technol ogy in 1970; received a Master % 154i ence degree in

Medi cal Statistics fromthe London School of Hygi ene and Tropical Medicine
in 1976; and 25 received a Doctor of Science degree in Biostatistics
fromthe Harvard School ofCerebial EoFex| t h in 1983. M. Parker is
currently an As“?-iré}t nt\ Pr of essor at the gnder i*.t Uni versity School of
Medi ci ne. b V% RESGEHF S BRces in results

bet ween active and pl acebo tregtnent were statistically significant
for the neasurenents of area ofl hyperal gesia at 15, 30 and 60 m nutes. 30
The Effects of TENS (Trg Cuﬁ?a'?fr%iéa ectrical Nerve Stinulator)

on Hyperesthesia and Hyperal gesia Medi ated by C-fibers which

have been stinul ated by S pdthalmusunan Vol unt eer s [err] One test
subj ect showed no respornse;to a 1 m crogram dose of capsaicin and was
accordingly i nj ect ed i H.imbfe sgstemagr am dose of capsai cin.
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FIGURE/{ SCHEMATIC REPRESENTATION OF ARATOMICAL CONNECTIONS ASSOCIATED WITE
PAIN PERCEPTION.



WO 97/ 02861

- PCT/ US96/ 10589
This report summarizes ny anal ysis of the data collected in June 1995 at
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study was perforned on three (3) test subjects using both ar s

y. Variables were tine, current density and conbinations
Magna Blreef-eftdrtiot-eetmdO——subj f rom 28
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15 el ectrode in the next corner and the sane polarity as the electrode in
-the opposite corner. Each subj ect was tested one tinme using a TENS
unit at subthreshold intensity in one armand a TENS unit at
threshold intensity followed by suprathreshold intensity i pciligospiokser arm
Subt hr eshol MVPE&¥8¥has defined as the minimal intensity perceived by the
subj ect and Suprat hreshol d | evel was defined as the maxi num
intensity tolerated by the subject andg20{4 described as disconfort, but
not pai n. 3. The follow ng procedure was followed for each test.

A. An injection point was identified on the volar surface of the forearm of
the test subject, 17.5 cmup the armfromthe test subject's wist.
The injection point was marked with an ink dot. The treatnent device
was centered over the injection point of the test subject's armfor 15 25
mnutes. After 15 mnutes, a 1 m crogram dose of capsaicin was injected on

to the subject's arrrtTad . psai cin
i's the pungent active conpone ' il p sa) ci nfhas been
found to activate the c-nocic T esul ting
in pain and secondarjy hyperal RPN € ¢f) ex that
convey pai«af ul stimuli 3 B.
The areas hyper esft hesi a (i 0 l'iding
over the i RO LD t he wood @ dnhiyper al gési a
(skin pai mct enl Fght ft ouch by over the LU Slikd bt 1@ pi ece of
a cotton Lwaby re jmeasured 0 and 60 m nuf %i r % h
i njection capsaicin and 5 after the use athe
stinul ati off, Magna H oc[err] The areas of h %E?:%h [
hyper al gesi a were rked with es and rns\asure,.blc:> Ss
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square centineter. Capsai ci n Model Capsaicin is the "hot"
or active pofti f hot pepper. It has been denonstrated TrsobAdR8E

I nvesti gat org}(’[sﬁ@?&éapsai cin, when injected into the skin ?r?t radgeﬁ‘ﬁrrgl ly,
activates exclusively 5 af ferent pol ynodal (C-fiber) nociceptors.
Therefore, C-fiber inpulses into the c@/fal4nervous system are
perceived as pain. This C-fiber activation stinulates a spinal cord reflex
whi ch stinulates the synpathetic C-fiber efferents in the area of
the capsaicin injection. C-fiber efferents overly sensitize the

skin. The resultant effect is over sensitization of the skin which
causes pain perception upon light touch. The area of hyperesthesia and
hyperal gesia are related 10 to C-fiber afferent firing rates. Therefore

by use of thi ngel one nay eval uale Lheerrecr ot [TEAar ety upon
stimul ati o%a% ndycti on of | ] nmpul ses fdi at ed by} pol ynoda
noci cept or © © = o alaNal LL
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The unit basically allows consistent results on pain treatment because of

the ability to produce symretric current density which is selective
for stimulation of A-fiber and suppression 15 of C-fibers. This unit is
much nore effective and confortable. WO 97/ 02 6/10589

PCT/ US96/ 105%9 27/02861 #edwssanossy

What is O ained 1. A nedi cal el ectronic apparatus for
treati ng human pain by the application g an electrical stimulus with
the proper current density and a speciaﬂ'hégm ic flux generator

stimulus to the body surface of animals, conprising: 5 ' an el ectrode
conpl ex of the treatnent device which includes an adhesive neans for

hol di ng the 4 electrodes of the device in contact with the human
body. the el ectrode conmplex is preferably conprised of 4

el ectrodes which are 2 positive and 2
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negative el ectrode defining opposite diagonal vertices of the quadril ateral

shape.

Magna Bl oc|
2. The t
el ectr ode

. the el ectrodes are supplied by power
generate an el ectri cal

FRplashtlst

conplex is constructed with the individual

sti mul

¢ nedi cal

us. 10

at sufficient distance apart to allow
in the field of stinulation.
el ectroni c apparatus of claim2, wherein the el ectrode
contained in a single contiguous unit which includes an adhesive neans for
the el ectrodes in contact with the hunman body.

hol di ng

The therapggtic nedical

el ectrodesy,

gener at or Eﬁ
5. . The theeapeuti ¢ nedi cal
guadri pol atlg + mpgneti c fl ux
center chafged, neodym um nag
generatingka three dfnensiona
t he "Z" axis. {25
apparatus ¥ claimb5| wherein
gener at or ppresses|C-fi ber
Alerr]/ G fiber firing
peripheralcjeﬁérgﬁed pai n.
el ectroni ckapparatusjof claim
conpri sed 4 el ectyodes, 2
and all
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nmeans to activate and

each el ectrode pad contains a
h snaps into position by an alum num perusSéiioess
el ectroni c apparatus of claim1, wherein said

el ectrode pads

for the proper current density

of the conpl ex each hold a quadri pol ar

r]d he purpose of nodul ating 20
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30 of which are el ectrodes defining opposite diagonal vertices of the
.quadrilateral shape. 8. The therapeutic nedical elegtrica
apparatus of claim7, wherein each of the 4 el ectrode pads of the
conpl ex contains a quadrlpolar magnetic flux generator (Nhg@gnﬁhpggawr])
whi ch snaps YROI*B8Yi ti on by an al umi num snap. . The

t herapeutic nedical electronic apparatus of claim8, mhereln t he nagnetlc
flux WD 97/ 02861

PCT/ US96/ 10589 13714 - 14-
generator of the invention conprises four substantially idéntical magnetic
poles held in a pl astic contai nment neans that will hold the
magneti c bodies in the desired configuration and whi ch produces a
600 to 70[err] magnetic flux field gradient in the "Z" axis. 10.
The therangutlc e gh-eet—eteet-+ofe—aPPart-ti-trs—0t—c-ati-O—aeiaih-t he
magneti c fg ux field gradient s caFcul?Eed‘Tronf?he sl ope gf the
field mt%sut,y chphnge over < Cer o 0 3
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11. The therapeutic nedical el ectronic apparatus of claim 10, wherein the
‘system mai ntai ns a proper current density or flow between the

el ectrodes on a continuous basis in the area of the A-fibers and
C-fibers involygd.id) the pain syndrome under treatnent. PCT/USS6/1058% -

The therapeutlc nedical electronic apparatus of claim11l, wherein the
desired 10 current density is maintained by the el ectrode pads which are
controlled by a range nonitor and 44/ f4arm system which receives
sensory input froma voltage sensor attached to the skin in the

field of treatnent. 13. The therapeuti-c nmedical electronic
apparatus of claim 12, wherein the current flow wll alternate every
2 seconds anong the 4 el ectrodes. 15 14. The therapeutic mnedical

el ect.roni ¢ apparatus of claim 13, wherein the current flow can be
oper ated at much higher level than in the classic TENS unit due to the

pl acenment of the Magna Bl oc_device wthin the electrpdes.

The magneticjflux generator conplUgry, Tergeves the disconfprt of C-fiber

firing and dpesn't al l ow th&CZ ibel threshold to bejexceeded. 20
15. The therapeutic nedi cal el & apparatus of clain|14, wherein the
magnetic flu gener ator of{ e eyefti on bl ocks C-fi ber firing,

t hereby givi hg a favorabl e bal ancle - fiber/Cfiber firing

ratio.
claim 15, whei

egli cal el ectronic ppparatus of
a0 controlling apppratus contains

el n tne jgenerating
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(57) Abstract

This invention relates to an apparatus for treat-
ing human pain by application of an electrical stim-
ulus with the proper current density to the body sur-
face and the response modulated by a magnetic field
to allow manipulation of the firing rate of peripheral
neurons of the A-fiber and C-fiber mechanoreceptor
such that chronic and acute pain may be consistently
controlled without discomfort from the stimulation.
The treatment device electrode (10) includes an ad-
hesive means (11) for holding the electrodes (12)
and a magnetic flux generator (13) in contact with
the human body. The electrode (12) preferably com-
prises four electrodes, two of positive polarity and
two of negative polarity defining opposite diagonal
vertices of a quadrilateral shape.




