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57) ABSTRACT 
Electrical medical devices and methods are disclosed 
for the therapeutic treatment of cells and/or tissue in a 
living body. The electrical medical devices and meth 
ods of the invention are useful in the therapeutic treat 
ment of cells and/or tissue which require a "bioelectri 
cal signal' to artificially stimulate healing of the cells 
and/or tissue. The devices and methods of the inven 
tion provide for the generation of an undulating elec 
trical signal having a wave-form whose rise time dif 
fers from its fall time which when coupled to the living 
body induces currents at the tissue level which cur 
rents in turn produce a voltage at the tissue level that 
is bipolar with the amplitude and frequency compo 
nents of one polarity thereof being different from 
those of the opposite polarity thereof; the voltage that 
is bipolar effecting the bioelectrical signal at the cellu 
lar or tissue level for artificially stimulating healing of 
the cells and/or tissue. 

30 Claims, 7 Drawing Figures 
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BIOELECTROCHEMICAL REGENERATOR AND 
STIMULATOR DEVICES AND METHODS FOR 
APPLYING ELECTRICAL ENERGY TO CELLS 

AND/OR TISSUE N A LIVING BODY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of 
U.S. application Ser. No. 221,653, filed Jan. 28, 1972 
and U.S. application Ser. No. 290,391, filed Sept. 9, 10 
1972, both of which have been abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to electrical medical devices 15 

and methods, and more particularly, it relates to elec 
trical medical devices and methods which are useful in 
the therapeutic treatments of cells or tissue of a living 
body which require a bioelectrical signal, as this term 
is defined herein, at the cellular or tissue level to artifi- 20 
cially stimulate healing of the cells or tissue. 
As used herein, the term "therapeutic treatment' is 

meant to include the promotion of, or stimuli causing 
the healing or of desirable cells or tissue, 
As used herein, the term biolelectrical signal is a sig- 25 

nal which activates a mechanism that promotes healing 
of cells or tissue in a living body. 
The term "reactively coupling" as used herein is ge 

neric to include either or both capacitive coupling and 
inductive coupling. 
The term "faradaic' and "faradaic reactions' as 

used herein is used as an electrochemist would use it, 
i.e., faradaic reactions are those that can take place at 
the junction of an electrolyte and an electrode, a Fara 
day is defined as the quantity of electricity which reacts 35 
with one chemical equivalent of any substance. 
The invention will here be described in most detail in 

association with the promotion of bone growth or bone 
repair or healing since the devices and methods accord 
ing to the invention have been particularly develope 
for such use. However, the devices and methods of the 
invention may be therapeutically used in all those bio 
logical processes responsive to or which are affected by 
bioelelctrical signals. 

2. Description of the Prior Art 
It is well known in the biological community that 

electrical activity is associated with the majority, if not 
all, of cellular processes. Of particular interest here is 
that injury, for example bone break or fracture, limb 
amputation, etc., is always accompanied by a so called 
“injury current' which is in fact observed as potential 
or voltage. The important fact here is that electrical ac 
tivity observed after injury is always different from that 
observed before injury, that is, after injury there is ab 
normal electrical behavior. While the exact relation 
ship of this phenomenon to the actual cellular pro 
cesses in, for example, repair or growth of tissue, is not 
clear, it has been observed that artificial control or 
modification of the overall electrical activity at the in- 60 
jury site can, at times, aid in healing. 

In the case of bone healing, it is known that electrical 
phenomena are associated with both this process and 
normal bone remodeling. These electrical phenomena 

d 40 

2 
urally. In order to study this electrical effect and to at 
tempt to further stimulate bone healing, electrodes 
have been directly implanted into areas of bone injury. 
In the majority of cases, the controlled electrical vari 
able was continuous direct current. In the few cases 
where electrical input other than DC was employed, 
the net effect was the appearance, at the tissue level, of 
a voltage that was bipolar with the amplitude and fre 
quency components of one polarity equal to those of 
the opposite polarity, i.e., the driving voltage was sinus 
oidal (AC). Even with pulsating DC, the voltage at the 
tissue level was bipolar with the amplitude and fre 
quency components of both polarities thereof being 
equal. 

In the case of bone healing as well as for most biologi 
cal processes involving cellular activity, it is evident 
that electrical events play an important role. However, 
most approaches to healing reported up to the present 
time have placed the primary emphasis upon the use of 
continuous DC signals as the stimulation source. This 
has a number of major limitations, as for example: 
A. All of the information (or coding) able to be con 

tained in the electrical energy or signals as they are fi 
nally coupled at the cellular level is not available due 
to restriction to DC only and to current only; 
B. The efficiency of energy transfer is unnecessarily 

and severely limited; 
C. The stimulation at the cellular level may be non 

selective as a result of A and B, above; D. The use of 
implanted electrodes is required in the overwhelming 
majority of cases with concommitant electrode/elec 
trolyte interface restrictions. For example, no electrode 
material is completely inert with respect to DC at any 
potential when in contact with body fluids; 

E. The use of implanted electrodes may be toxic due 
to possible deleterious faradaic reactions and the elec 
trodes themselves become "poisoned' for long-term 
implants; 

F. The use of implanted electrodes in which the stim 
ulating sources is also implanted rquires initial and post 
treatment surgery; and, 
G. Where the stimulating source is external to the liv 

ing body and conductively connected to implanted 
electrodes; there is a transcutaneous path from the ex 
terior to body cavities and organs with risk of superfic 
ial and deep infection. 
From the foregoing, it will be understood that bone 

growth has been promoted by modifying the electrical 
potential existing in the regions of a fracture or break. 
It has been observed that the naturally occurring elec 
trical potential or potential difference extending from 
a proximal region and extending toward the distal re 
gion of a limb rises more or less linearly. However, 
when there is a fracture or break; the normally occur 
ring potentials drastically change. it is postulated that 
the changed potential distribution is a part of nature's 
mechanism for signaling the need of structural repair 
with concommitant bone growth. Though not so well 
documented by experimental or clinical data, enough 
has been done further to postulate that the redistribu 
tion of potentials also signals the need of repair result 
ing from injuries of other kinds, for example, bruised 
muscular tissue, broken muscular tissue, as well as appear to be generated by the potential producing or abrasions, lesions and cuts. 

the piezoelectric-like properties of bone and surround 
ing tissues which are natural phenomena and most 
likely the reason why in most cases bone does heal nat 

SUMMARY OF THE INVENTION 
In accordance with the present invention, advantage 
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has been taken of the prior experimental and clinical 
work, as well as additional experimental and clinical 
work utilizing the present invention, to achieve the arti 
ficial production of a desired electrical potential or po 
tentials within and across a predetermined zone of tis 
sue of a living body in which it is desired to signal the 
need of repair work. This is accomplished by reactivity 
coupling electrical signals to the predetermined zone of 
the living body to increase the absolute value of the 
electrical potential of the predetermined zone and to 
produce current flow therein of magnitude in one di 
rection greater than in the opposite direction. Since a 
living body though conductive in respect of current 
flow also exhibits properties of both capacitance and 
inductance, the reactive coupling not only becomes 
feasil be but has been demonstrated to function well in 
the practice of this invention. Accordingly, by generat 
ing an undulating electrical signal having a wave-form 
whose rise time is different from its fall time, there is 
produced in the predetermined zone the aforesaid cur 
rent flow which is of greater magnitude in one direction 
than in the opposite direction. The resultant potential 
drop due to the current flow gives rise to a different po 
tential distribution within and across the predeter 
mined zone of tissue and the action may be cumulative 
with naturally occurring change of potential to enhance 
and speed the repair mechanisms with faster rates of 
recovery from injuries of all sorts. 
The present invention utilizes the concept that, at the 

cellular or tissue level in a living body, a bioelectrical 
signal will artificially stimulate healing in cells or tissue 
of a living body, Though this mechanism is at the pres 
ent time unknown to applicant, it is believed that cell 
membranes manner as electrode/electrolyte interfaces. 
As such, those biological events which occur at excit 
able and non-excitable cell-membranes can be ex 
pected to be potential or voltage dependent just as 
events occurring at electrode/electrolyte interfaces are 
potential or voltage dependent. Accordingly, it is be 
lieved that significantly large quantities of charge can 
be stored at cell-membranes because of double layer, 
adsorption, absorption and desorption processes. Also, 
redox processes can occur at these interfaces. Stated 
another way, it is believed that cellular events may be 
influenced by what happens at the membranes of a cell 
and that a membrane behaves as an electrode and thus 
it will respond to local potential variations which may 
cause, for example, absorption or desorption of a criti 
cal communicating chemical species (molecular or 
ionic substances) to effect the specific healing process 
involved. 

It is thus proposed that the use of the principles of the 
present invention will enable the combined use of po 
tential control coupled with appropriate frequency 
content of the electrical signals at the tissue level for 
the selective and efficient artificial therapeutic treat 
ment without the disadvantages enumerated above in 
paragraphs (A) through (G) of the Description of the 
Prior Art. 

Briefly, the devices in accordance with the invention 
comprise electrical medical devices for modifying the 
electrical potential of a zone of living tissue of a living 
body. Means are provided for generating an undulating 
electrical signal having a wave-form whose rise time is 
different from its fall time. These signals are reactively 
coupled to the predetermined zone to produce a cur 
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4 
rent flow in the zone of magnitude in one direction 
greater than in the opposite direction. 

Briefly, the methods in accordance with the inven 
tion comprise methods for modifying the electrical po 
tential of a zone of living tissue by applying to the zone 
of living tissue an electrical signal having a wave-form 
whose rise time is different from its fall time and reac 
tively coupling the signals to the predetermined zone to 
produce a current flow in the zone of magnitude in one 
direction greater than in the opposite direction. 
Other features and advantages of the present inven 

tion and a more complete understanding of the inven 
tion will become apparent from the following detailed 
description, taken in conjunction with the accompany 
ing drawings which form a part of this specification. 
The drawings disclose by way of example, and not by 
way of limitation, the principles of the invention and 
structural implementations of the inventive concept. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1 and 2 are schematic diagrams of the embodi 

ments of the electrical medical devices according to the 
invention; 
FIGS. 3 and 4 are illustrations of diagrammatic elec 

trical signals useful to explain the operation of the sche 
matic diagrams of FIGS. 1 and 2, and to explain the in 
vention, 
FIGS. 5 and 6 show electrical medical devices of the 

invention with a patient on which they are being used, 
parts of the latter being schematized; and 
FIG. 7 schematically illustrates a mechanical device 

in accordance with the invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Referring now to the drawings wherein like reference 

characters refer to like parts throughout the several 
views, there is shown in FIG. 1 an embodiment of a bio 
electrochemical device of the invention. Essentially, 
the circuit of FIG. 1 is a two-stage rate-adjustable com 
plementary astable blocking oscillator which generates 
an undulating output voltage or an electrical signal hav 
ing Sawtooth waveform (see FIG. 3) across its output 
terminals 20 and 22. Each sawtooth waveform may, for 
example, be of variable duration, as for example, a 
waveform with a typical duty cycle of 0.01 sec. with a 
typical rise time of 0.000 sec. and a typically fall time 
of 0.0099 sec. 
A pair of electrodes 50, 52 are operatively connected 

to the output terminals 20, 22 via transmission means 
for leads 54 and 55. The electrical energy represented 
by the sawtooth wave-form is capacitively applied by 
way of electrodes 50 and 52 to an "external load' 24 
which is to be taken as representative of a predeter 
mined Zone of tissue of a living body where there has 
occurred an in vivo injury or abnormality. In the case 
of bone healing, the load may be considered to be a 
limb of a patient having a gap, fracture or break of the 
bone in the region between the electrodes. In this con 
nection, it will be preferred that one of the electrodes 
be remotely located relative to the other and will be of 
greater size in reduction of current density. This will be 
further explained with reference to FIG.5 hereinafter. 

In the method and system embodying the present in 
vention, advantage is taken of the fact that through a 
reactive coupling means current flow may be induced 
in living body. The latter represents conductive media 
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of differing resistivity depending upon the particular 
tissues and body fluids under consideration. since there 
will be established between the electrodes and the body 
a capacitor, as will be explained more fully hereinafter, 
the embodiment of FIG. 1 is primiarly one of capacitive 
coupling. Referring now to the wave-form of FIG. 3, it 
will be seen that there is first applied between the elec 
trodes 50 and 52 a voltage which rises in a very short 
period of time, delineated in FIG. 3 by the points RST, 
followed by a decreasing voltage over a substantially 
longer period of time, delineated by the points TU. The 
cycle repeats with a rapid rise in voltage in the positive 
direction followed by a slowly decreasing voltage in the 
negative going direction. Voltage can be either positive 
going or negative going, depending upon the conven 
tion established by the observer, also, rise time and fall 
time can occur in the positive going direction or the 
negative going direction and for purposes of this appli 
cation the rise time is that portion of the driving signal 
of FIG. 3 expressly intended to achieve the desired 
therapeutic signal at the cellular level, i.e., that portion 
delineated by the points RST in FIG. 3. The important 
fact here is that the application of electrical energy 
with the wave-form of FIG. 3 to body tissue results in 
current flow within the tissue of the general character 
of FIG. 4. Thus with the rapidly rising voltage, there 
will be a corresponding relatively high value of current 
induced in the tissue. Thus on each rise of voltage from 
a negative value to a positive value, FIG. 3, there will 
be a corresponding high peak of current as shown in 
FIG. 4, delineated by points ABC. Upon decrease of 
the voltage from the positive value to the negative 
value a very low order of current is caused to flow in 
the tissue, delineated by points CD. In connection with 
the foregoing, the rising current can either be in the 
positive direction as shown in FIG. 4 or it may be rising 
in the negative direction for a sawtooth-like output 
where the rapid rise in voltage is in the negative direc 
tion and the slow fall in voltage is in the positive direc 
tion, the reverse of the situation illustrated in FIG. 3. 
By reason of the foregoing phenomena, the current 
flow produced in the load representing a zone of the 
living body has a magnitude in one direction greater 
than in the opposite direction. This flow of current, of 
course, produces potential differences across the body 
tissue and these potential differences are believed to 
modify and alter the potentials at the interfaces of the 
cell-membranes as well as the absolute value of the 
gross potential distribution along the predetermined 
zone of tissue undergoing treatment. The hard tissue, 
corresponding with bony structure, generally, is at a 
much deeper level than is the muscle tissue or a sub 
stantial amount of the soft tissue including the fluids 
generally found near the surface. 

It is an important feature of this invention to cause 
current to flow in the tissue in which the potentials at 
the cellular level are to be modified. Thus, where the 
tissue such as the bony structure is deep below the sur 
face, the rise time of the voltage applied to the elec 
trodes 50 and 52 should be long enough so as to allow 
penetration to the depth of the bony structure. This will 
result in a frequency content of that part of the ap 
plied signal, that is, as delineated by points RST in FIG. 
3, consistant with the restrictions placed on the depth 
of penetration by the electromagnetic skin effect. The 
rise time, and thus the frequency content, of the signal 
of FIG. 3 delineated by the points RST is selected so as 
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6 
to be effective in reaching the deepest portions of the 
body under treatment to achieve the potential changes 
needed at the cellular level in accordance with the 
teachings of the present invention. 

Typically, for deep tissue, a maximal frequency con 
tent of that portion of driving signal, that is, that por 
tion delineated by points RST of FIG. 3, should be in 
the range of about 10 hertz to about 10 kilohertz which 
corresponds to a rise time of about 0.1 sec. to about 
0.0001 sec.; for intermediate depth tissue, in the range 
of about 10 kilohertz to about 50 kilohertz which cor 
responds to the rise time of about 100 microseconds to 
about 20 microseconds; for subcutaneous tissue, in the 
range of about 50 kilohertz to about 200 kilohertz 
which corresponds to a rise time of about 20 microsec 
onds to about 5 microseconds, and for cutaneous tis 
sue, in the range of about 200 kilohertz to about 1 
megahertz which corresponds to a rise time of 5 micro 
seconds to about 1 microsecond. In general, the driving 
signal should have a wave-form in which the fall time 
with respect to the rise time differs by at least one or 
der, that is, differs by a factor of 10. 

It may be pointed out here that the just given electro 
magnetic skin effect limitations with respect to rise 
time of the wave-form of FIG.3 must be consistent with 
limitations imposed by the kinetic reaction speeds of 
those electrohemical events at the cellular level neces 
sary to achieve the desired thereapeutic effect. 
Also, while a relatively long fall time with respect to 

rise time is shown for the wave-form of FIG. 3, it is to 
be understood that a fall time having a shorter time pe 
riod than the rise time of the waveform can be utilized 
in practicing the invention. This is because, firstly, the 
depth of penetration of most of the induced current in 
the tissue generated during the fall time can be regu 
lated by adjusting the time period of the fall time in ac 
cordance with the restrictions placed on the depth of 
penetration of the induced current by the electromag 
netic skin effect. This will prevent most of the induced 
currents from reaching the tissue under treatment. Se 
condly, that small portion of the induced current which 
does penetrate the tissue under treatment during the 
fall time can be made to exist for a period of time 
shorter than that necessary to inhibit those electro 
chemical events at the cellumar level, which occur dur 
ing the rise time of the wave-form and achieve the de 
sired therapeutic effect, by adjusting the fall time of the 
wave-form. 
Typically, such fall times would be shorter than the 

rise time by at least one order, that is, ten times smaller, 
and would typically be also less than ten microseconds 
which corresponds to a frequency greater than 100 ki 
lohertz. 
From the foregoing, it will now be understood that 

the particular system utilized may take various forms; 
that the rise time of the driving signal is to be different 
from the fall time thereof, and that the system of FIG. 
1 is to be taken as exemplary. More particularly, in 
FIG. 1, the sawtooth wave-form rate is proportional to 
the power supply voltage 23, the external load 24 
placed on the circuit and the values of resistor 32 and 
variable resistor Rao. The transistor 25 is of the NPN 
type and the transistor 26 is the PNP type. Both transis 
tors have the usual emitter, collector, and base elec 
trodes. When the power supply 23 charges capacitor 28 
such that point 27 is positive and point 29 is negative 
via resistors 30 and 32 sufficiently to forward bias the 
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emitter base junction of the transistor 25, this transistor 
conducts. The resistor 31 is connected between the 
emitter of transistor 25 and point 35. Since the collec 
tor of transistor 25 is connected to the base of transis 
tor 26, it in turn causes transistor 26 to conduct. As 
transistor 26 conducts, current flows through the pri 
mary winding 33 of the transformer 34. The secondary 
winding 36 of transformer 34 is so connected that the 
induced voltage further increases the base current sup 
plied to transistor 25. This regenerative action causes 
a rapid increase in the current flow through the both 
transistors 25 and 26 until saturation is reached in both 
transistors. Transistors 25 and 26 remain saturated for 
the duration of the sawboth rise during which capacitor 
28 is charged such that point 29 is positive and point 
27 is negative. 
The rise-time of the sawtooth wave-form thus pro 

duced is controlled primarily by the inductance of the 
transformer 34, the base to emitter forward resistance 
of transistor 25 and the capacitance of capacitor 28 
with some secondary dependence upon the capaci 
tance of capacitor 43 in series with the external load. 
Continuing with the operation of the undulating out 

put voltage producing circuit of FIG. 1, when the in 
duced voltage in the secondary winding 36 begins to 
diminish, the current flowing into the base of the tran 
sistor 25 also diminishes which in turn reduces the base 
current of transistor 26. As transistor 26 turns off, the 
current in primary winding 33 decreases which further 
reduces the induced secondary voltage of winding 36. 
This latter regenerative action rapidly switches transis 
tors 25 and 26 from saturation to cut-off thus terminat 
ing the rising portion of the sawtooth wave-form. The 
voltage which was developed across capacitor 28 dur 
ing the pulse now reverse-biases the emitter-base junc 
tion of transistor 25 to the voltage level at which that 
capacitor 28 was previously charged. Capacitor 28 now 
discharges slowly through resistors 30, 32 and 31 and 
the power supply thus producing the falling portion of 
the sawtooth wave-form. When capacitor 28 is fully 
discharged, the cycle repeats with the charging of ca 
pacitor 28 through resistors 30 and 32. The bioelectro 
chemical stimulator circuit of FIG. 1 is a characterized 
by the fact that the signal generating rate is determined 
by the rate at which capacitor 28 reaches the base po 
tential at which transistor 25 will conduct current. Ac 
cordingly, the values of the variable resistor 30, the 
fixed resistors 31 and 32, the power supply, and the 
value of the capacitor 28 may be considered as the pri 
mary RC timing means or circuit which determines the 
duty cycle, i.e., the sawtooth repetition rate. As de 
scribed above, as the voltage of the power supply de 
creases the pulse rate will also decrease. Also, any ex 
ternal load which would be placed through capacitor 
43 across capacitor 28 will increase the time necessary 
for capacitor 28 to reach the potential necessary to 
turn on transistor 25 by effectively increasing the total 
rate determing capacitance in the circuit. Therefore, an 
increase in external loading will be reflected as a de 
crease in the repetition rate of the sawtooth waveform 
produced by this circuit. Accordingly, the repetition 
frequency for the signal produced by the circuit of FIG. 
1, is the reciprocal of the sum of the rise time and the 
fall time of the undulating waveform produced. 
To complete the description of circuit of FIG. 1, 

diode 44 is required to suppress the large negative volt 
age spike which develops across the windings of trans 
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former 34 at the termination of each pulse as a result 
of the energy stored in the inductance of transformer 
34. If not suppressed this voltage spike would ulti 
mately damage transistors 25 and 26. The capacitor 40 
serves to reduce interference by suppressing extrane 
ous high frequency magnetic signals which can be 
picked up directly by the transformer's magnetically 
permeable core and which could cause premature trig 
gering of the circuit of FIG. 1. Finally, the resistor 46 
serves to bleed off the cleakage currents of transis 
tors 25 and 26. If these currents were not bled off dur 
ing the interpulse period, these currents would be re 
flected in the collector of transistor 26 and magnified 
by the Beta of the transistor. For the specific transistors 
chosen, this could increase the total average current 
drain of the circuit of FIG. 1 by several percent at an 
operating temperature of 35° C to 40 C. 
Now that the general principles of my invention have 

been explained in connection with the capacitive reac 
tive coupling shown in the embodiment of FIG. 1, it is 
to be understood that inductive coupling may also be 
utilized. This follows by reason of the fact that living 
tissue is a conductive medium, as explained above. Ac 
cordingly, if a rate of change of magnetic flux is applied 
to a selected zone of the body to be treated, there will 
result a voltage loop and subsequent induced current 
flow in the selected zone. If that rate of change in one 
direction be substantially different from the rate of 
change in the opposite direction, then there will be 
achieved voltage and a current flow in the selected 
zone which generally corresponds with that illustrated 
in FIG. 4. Though those skilled in the art will under 
stand how magnetic flux can be changed to meet the 
requirements of this invention, I have shown in FIG. 2 
a system utilizing inductive coupling means to achieve 
that result. 

Referring now to FIG. 2, and comparing FIGS. 1 and 
2, it will be seen that they differ in that in FIG. 2 the 
electrode 50 has been replaced by the inducing means 
or coils 50a and 52a; the electrode plate 52 has been 
omitted, and output terminal 22 is connected to ground 
level via lead 56; and, an operational amplifier 47 has 
been included in the circuit. The operational amplifier 
47 is supplied with electrical power via a dual 34V reg 
ulated D.C. power supply as typically employed for op 
erational amplifier application, as indicated in the 
drawings, and is required because of the increased 
power requirements of the coils 50a and 52a as com 
pared with the power requirements of the electrode 
plates 50 and 52 to couple into living tissue similar po 
tential gradients. The coils 50a and 52a are electrically 
connected in parallel and, while two coils are shown, 
one coil may be utilized, if so desired, for practicing the 
teachings of the invention. The coils 50a and 52a are 
placed adjacent to and preferably not in contact with 
the load 25. The load 25, represents a limb of a patent 
under treatment just as the load 24 of FIG. 1 repre 
sented the limb of a patient. 
The electrical operation of the circuit of FIG. 2 per 

se is the same as that of FIG. 1. Even the amplitude of 
the undulating output voltage, as measured between 
terminals 20 and 22, is the same in F.G. 2 as in FIG. 1 
because of the inclusion of the operational amplifier 47 
in the circuit of FIG. 2 in the follower mode. 
At this point it may be explained that: 
1. There exists a coupling capacitance between an 

electrode and an ionically conducting medium which is 
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known as the electrical double layer capacitance. This 
capacitance can be utilized to transfer energy across 
this interface and, provided the potential across this in 
terface does not equal or exceed that at which a fara 
daic reaction will take place; or the time during which 
a reaction potential is achieved is too short to allow the 
reaction to occur, this energy transfer will take place 
without a faradaic interaction between the electrode 
and adjacent ionically conducting medium; 

2. There exist in any ionically or electronically con 
ductive medium within a time-varying electro-magnetic 
field via induction a circulating electrical current. This 
current is induced by the voltage loop which always en 
circles magnetic flux which is changing in density with 
respect to time. It therefore follows that, if this medium 
is normally conductive, this induction can be utilized to 
transfer energy into this medium. 

3. The efficiency with which electrical energy can be 
transferred into such a medium is directly proportional 
to the components of maximum amplitude of the elec 
trical signals appearing in the medium and the conduc 
tivity of the medium. 

4. The depth of penetration of the electrical energy 
will be inversely proportional to the frequency compo 
nents of maximal amplitude of the electrical signals ap 
pearing in the medium. 
Based upon (1) and (3), and the fact that cells, tissue 

and body fluids comprise ionically and electronically 
conductive mediums, I have discovered that one can 
externally or artifically stium late normal activity or 
healing in cells or tissue of a living body, for example, 
bone tissue. This can be accomplished (as will be more 
fully explained hereinafter) by generating an undulat 
ing voltage across electrodes placed adjacent to, but 
not necessarily embedded in the living body. The undu 
lating voltage, when coupled to the tissue, will effect a 
flow of current through the tissue which current in turn 
will produce a voltage in the tissue that is bipolar with 
the amplitude and frequency components of one polar 
ity thereof being different from those of the opposite 
polarity thereof. This bipolar voltage, it is postulated by 
applicant effects the bioelectrical signal, referred to 
above, which artifically stimulates healing in the tissue. 
Furthermore, this can be accomplished without plac 

ing the electrodes within the living body or initiating a 
faradaic reaction at the interface between the elec 
trodes and the body. Also, therapeutic action can take 
place in cells or tissue by the application of the elec 
trodes directly to the surfaces of the living body, i.e., an 
electronic conductor-electrochemical conductor inter 
face, or with a dielectric material interposed between 
the electrodes and the body surfaces, i.e., dielectric 
charge-electrochemical conductor interface, and based 
on (4), the transfer of electrical energy from the source 
of the undulating voltage to the side of treatment will 
be effected through or across the body surfaces. This 
is particularly desirable in the promotion of bone break 
or fracture healing. 
Based upon (2) and (3), and the cells, tissue and 

body fluids comprise ionically and electronically con 
ductive mediums, I have discovered that one also exter 
nally or artificially stimulate normal activity or healing 
in cells or tissue of a living body and that this can be ac 
complished by generating an undulating voltage across 
an inductive means placed adjacent to the living body. 
The inductive means will produce an undulating time 
varying electromagnetic field which field when coupled 
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10 
to tissue of a living body will effect a voltage loop which 
will in turn induce a flow of current through the tissue. 
The induced current in turn will produce a voltage in 
the tissue that is bipolar with the amplitude and fre 
quency components of one polarity thereof being dif 
ferent from those of the opposite polarity thereof. This 
bipolar voltage, again, it is postulated by applicant, ef 
fects the bioelectrical signal, referred to above, which 
artificially stimulates healing in the tissue. Further 
more, this can be accomplished, as in the case when 
electrodes are used to couple the electrical energy to 
the body, without placing the inductive means in 
contact with the living body involved. That is, thera 
peutic action can take place in cells or tissue in a living 
body by the application of inductive means adjacent to, 
but not in contact with the surfaces of the body in 
volved, and based on (4), the transfer of electromag 
netic energy to the site of treatment will be effected 
through or across the intervening tissue. Again, this is 
particularly desirable in the promotion of bone break 
or fracture healing. 

Referring now to FIGS. 3 and 4, the undulating out 
put voltage produced by the circuits of FIGS. 1 and 2, 
as stated above, appears across the output terminals 20 
and 22 and is illustrated as the sawtooth waveform 
shown in FIG. 3. As stated above, the amplitude of the 
output voltage produced by the circuit of FIG. 2 is the 
same as that produced by the circuit of FIG. 1, more 
over, the shape of the waveform is substantially the 
same, and for purposes of explanation, FIG. 3 will be 
also utilized with reference to FIG. 2. 
The wave-form of the signal (s) appearing in the ex 

ternal load of FIG. 1, namely, external load 24 is illus 
trated in FIG. 4. For purposes of explanation FIG. 4 
will also be utilized with reference to FIG. 2. Conse 
quently, the wave-form of the signal (s) appearing in 
the external load 25 is also illustrated in FIG. 4. The 
wave-form illustrated in FIG. 4, therefore, is represen 
tative of the current and voltage drop wave-forms at 
the loads 24 and 25, that is, at the tissue level. 
One complete wave-form of the output voltage at the 

terminals 20 and 22 is designated in FIG. 3 by the 
points RSTU. A classical Fourier analysis of this wave 
form will show the frequency components of maximal 
amplitude (the fundamental frequency and first few 
harmonics) are much higher in that portion of the 
wave-form delieated by the points RST than in that 
portion delineated by the points TU. 

In the circuit of FIG. 1, the electrode plates 50 and 
52 and in the circuit of FIG. 2, the coils 50a and 52a 
are operatively connected to the output terminals 20 
and 22 to effect a current flow in the respective loads 
24 and 25. The manner in which this current flow is ef 
fected in each instance will be explained more fully 
hereinafter. It is clear from FIG. 4 that current flow at 
the tissue level in one direction rapidly increases from 
the magnitude shown at point A to a relatively higher 
magnitude at point B. The current then decreases to 
the magnitude at point C and continues at this magni 
tude until the point D and then the cycle repeats. The 
fact that the magnitude of the current in one direction 
greatly exceeds the magnitude of current flow in the 
opposite direction means that, in the zone of living tis 
sue, either a predominantly negative potential or a pre 
dominantly positive potential, as may be desired, will 
be produced in the tissue to vary the naturally occur 
ring electrical potential therein and thus, artificially 
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stimulate growth of tissue. The predominate potential, 
either positive or negative, of the zone of treatement 
will be determined by the polarity of the driving signal 
with respect to the electrodes 50 and 52 and with re 
spect to the coils 50a and 52a. As for example, reversal 5 
of the terminals 20 and 22 with respect to the elec 
trodes 50 and 52 will result in an inversion of the sig 
nals shown in FIGS. 3 and 4. The fact that there is cur 
rent flow of low magnitude in a direction not desired 
for modification of naturally occurring potentials, does 
not adversely affect the beneficial results of the thera 
peutic treatment achieved by the current flow in a se 
lected direction of a magnitude many times greater 
than that in the opposite direction. Thus, the voltage at 
the tissue level, as shown in FIG. 4, may be considered 
of bipolar character, and the current flow in one direc 
tion of magnitude greatly in excess of the other 
achieves, in the coupling of the electrical signals pro 
duced by the circuits of FIGS. 1 and 2 to a living body, 
a potential difference which is predominantly of prefer 
ential polarity in avoidance of surgically required con 
ductive implantation of electrodes in the tissue which 
is to be treated. The magnitude of this current is di 
rectly proportional to the relative values of the fre 
quency components of maximal amplitude of the wave 
form as shown in Fl(G. 3. 
Hence, the relatively higher values of the frequency 

components of maximal amplitude in that portion of 
the waveform of FIG. 3 delineated by the points RST 
will be reflected by a high absolute magnitude of the 30 
value of the effected current in the load (24 or 25) as 
shown in FIG. 4 delineated by the points ABC. The 
positive direction of this effected current (waveform of 
FIG. 4 delineated by te points ABC) reflects the up 
ward direction of the rate of change of the driving 
waveform of FIG. 3. Similarly, relatively low values of 
the frequency components of maximal amplitude ap 
pearing in that portion of the waveform of FIG.3 delin 
eated by the points TU will be reflected by a low abso 
lute magnitude of the value of the effected current in 
the load 24 or 25 as shown in FIG. 4 delineated by the 
points CD. The negative direction of this effected cur 
rent (waveform of FIG. 4 delineated by the points CD) 
reflects the result of the downward direction of the rate 
of change of the driving waveform of FIG. 3. 
From the foregoing, it will be understood that the 

magnitude of the current effected in the loads 24 or 25 
is effected in such a manner so as to reflect the relative 
values of the frequency components of maximum am 
plitude of FIG. 3. That is, a classical Fourier analysis of 
the waveform of FIG. 4 will show that the frequency 
components of maximal amplitude are much higher in 
frequency in that portion of the waveform delineated 
by the points ABC than in that portion delineated by 
the points CD. In addition, it can be seen from FIG. 4 
that at the tissue level a voltage is produced that is bi 
polar with the amplitude and frequency components of 
one polarity thereof being different from those of the 
opposite polarity thereof, and that the maximum ampli 
tude of the signal (s) of FIG. 4 occurs at point B. 
Referring now again to FIG. 1, the placement of the 

electrodes relative to the desired zone of treatment, or 
relative to the injury is such that the electrode having 
the highest current density, i.e., the smaller one, is clos 
est to the site where the therapeutic treatment is de 
sired. In accordance with the invention and in the pro 
motion of bone growth, this electrode is the one in 
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12 
which the maximal frequency components are in the 
negative direction, that is, electrode 52, is chosen to be 
the smaller of the electrodes. Hereinafter electrode 52, 
will at times be referred to as the working electrode. 
The other electrode, electrode 50, hereinafter at times 
referred to as the counter-electrode, is configured for 
minimum current density, and it is placed for optimum 
potential distribution in order to keep parasitic effects, 
for example, neural damage, to a minimum. The elec 
trodes 50 and 52 may be constructed of any conducting 
or semi-conducting material. The requirements for 
electrode material are: 

1. that it not react with the skin causing, for example, 
inflamation or eruption. 

2. that it not polarize excessively in the presence of 
body fluids in order that the desired energy and fre 
quency content of the signals at the cellular or tissue 
level be the appropriate location for healing to occur. 
The preferred embodiment for the electrodes 50 and 

52 is silver although other suitable materials may be 
utilized. 

It may be pointed out here that electrodes 50 and 52 
may be placed in direct physical contact with the epi 
thelial surfaces of the body under treatment in which 
case such a physical contact would result in an 
electrical-electrochemical interface, or a suitable diele 
cric material, as for example Mylar or even air, may be 
interposed between the electrodes and the epithelial 
surfaces of the body in which case such a physical 
contact would result in a dielectrical-electrochemical 
interface. 

in the case of an electrical-electrochemical interface, 
the maximum potential or the time during which it is 
applied to any given electrode, in accordance with the 
teachings of the invention, are chosen to avoid faradaic 
reactions. Typically, as measured between the elec 
trodes 50 and 52 is in the range of about 0.8 volts to 
about 1.0 volts in the positive direction and in the range 
of about 0.0 volts to about- 0.01 volts in the negative 
direction. These faradaic reactions may comprise local 
pH changes, local tonicity (osmolality) changes, de 
struction of necessary protein, lipids, etc. or electroly 
sis of the physiological saline by evolution of its compo 

5 nents gases (H2, Cl, and O.). 
If an ordinarily undesirably high potential, i.e. above 

about 1 volt, must be applied to the working electrode 
to effect the effect healing in a zone of tissue, necrosis 
of the tissue or other deleterious tissue effects can be 
avoided by holding the working electrode at this ordi 
narily high potential for a time period less than that 
necessary for faradaic reactions to occur. The exact 
time period's upper limit will depend on the potential 
drop across the working electrode-tissue interface. This 
latter potential is, not directly measurable. However, 
one can have access to a measurable potential between 
a working electrode and a reference electrode. This 
measurable potential, in turn, has two components 
namely, that potential across the working electrode 
tissue interface which is responsibe for the occurrence 
of faradaic reactions, and that potential due to a volt 
age drop across the intervening tissue between the 
working and reference electrodes. Therefore, in terms 
of the measurable potential, the allowanble time peri 
od's upper limit is dependent upon the following fac 
tors: the working electrode area and geometry, and the 
tissue's geometry and conductivity between the work 
ing and reference electrodes which all determine the 
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potential drop across this tissue volume. The voltage 
drop due to the impendance of tissue and body fluids 
when vectorially subtracted from the measured poten 
tial between working and reference electrodes will give 
the working electrode-tissue interface potential. This 
latter potential will in turn specify the preferential elec 
trochemical reactions at this interface and, thus their 
kinetic reaction speeds. Their speeds, in turn, deter 
mine the maximum time period, i.e., the time periods 
upper limit, that the working electrode may be allowed 
to have a potential greater than that which will initiate 
faradaic reactions at the working electrode-tissue inter 
face over long time periods. Typically, for a working 
electrode potential from about --1 volt to about --100 
volts, respectively, referenced to a reversible Hydrogen 
electrode, (RHE), in the same electrolyte, i.e., tissue, 
the working electrode nanosecond respectively, on a 
one square centimeter surface area working electrode 
before deleterious faradaic reactions occur at the 
working electrode-tissue interface. 

Similarly, for a working potential from about -0.01 
volt to about - 100 volts, respectively, referenced to 
the RHE in the same electrolyte, i.e., tissue, the work 
ing electrode can remain at these potentials for only 
about 500 microseconds to about 1 nanosecond, re 
spectively, on a one square centimeter surface area 
working electrode before deleterious faradaic reactions 
occur at the working electrode-tissue interface. 

In summary of the above, in the case of an electrical 
electrochemical interface, and in accordance with the 
invention, if an undesirably high potential is applied to 
the electrode-tissue interface for a time period not ex 
ceeding about 500 microseconds to about 1 nansecond 
per square centimeter of electrode surface, faradaic re 
actions will be avoided since they have time constants 
much longer than those associated with the charging 
and discharging of the double layer capacitance. When 
this time or frequency limitation cannot be met, then, 
in accordance with the invention, it is necessary that 
the amplitude of the potential measured between the 
working electrode and a RHE in the same electrolyte 
(tissue) not exceed about 0.8 to about 1.0 volts in 
the positive direction, or about 0.0 volts to about -0.01 
volts measured between the working electrode and a 
RHE in the same electrolyte (tissue) in the negative di 
rection to avoid the above mentioned faradaic reac 
tions. These potential limits are valid for those elec 
trodes, e.g., platinum group metals, whose ions do not 
pass into solution to any appreciable extent when the 
potential is changed from the electrode's normal rest 
ing or equilibium potential. More restrictive, i.e., a 
smaller range of potentials, would be utilizable for most 
other type electrodes. 

In the case of a dielectrical-electrochemical interface 
the problem of faradaic reactions is not present at the 
eoithelial surfaces of the body. 
Referring now again to FIGS. 1, 3 and 4 the undulat 

ing output voltage produced by the circuit of FIG. 1, as 
stated above, appears across the output terminals 20 
and 22 and, as stated above, illustrated as the sawtooth 
waveform shown in FIO. 3. The undulating output volt 
age is AC or capacitively coupled to the electrodes 50 
and 52 via capacitor 43. This type coupling assures that 
no DC components appear at the terminals 20 and 22. 
Capacitor 43 may be omitted in those instances where 
the electrodes 50 and 52 have a dielectric material in 
terposed between each of them and the surfaces associ 
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14 
ated with them for the reason that a capacitor is effec 
tively formed by the electrode, dielectric material and 
the body surface in each instance. This so formed ca 
pacitor will effectively block DC components. 
Generally, the current at the tissue level, the current 

waveform of FIG. 4 results by placing the output volt 
age appearing at terminals 20 and 22 across a capacitor 
in series and/or parallel with an impedance. The capac 
itor is formed by the double layer capacitance between 
electrode plates 50 and 52 placed on the surfaces of the 
body and the ionic species in the tissue fluids, the im 
pedance is the impedance of the tissue to ionic migra 
tion through it and all other electrochemical processes 
involved, e.g., redox reactions, adsorption and desorp 
tion processes. The bipolar voltage at the tissue level, 
the voltage drop waveform of FIG. 4, is the result of the 
voltage drop, caused by the current flow, across the im 
pedance of tissue and body fluids. 

It is believed that the apparatus of FIG. 1 functions 
for the purposes disclosed because during the saw 
tooth's upgoing ramp (its rise time, X in FIG. 3), the 
magnitude of the current and the amplitude of the re 
sulting bipolar voltage at the tissue level the sharp spike 
Y in FIG.4, is above that necessary for effecting the de 
sired stimulation, i.e., above that level necessary to ef 
fect the bioelectrical signal. The magnitude of the cur 
rent and the amplitude of the bipolar voltage (FIG. 4 
delineated by the points CD) which are generated at 
the tissue level are below the level necessary to effect 
stimulation, i.e. below that level to effect the bioelectri 
cal signal. 
Hence, the electrode plate 50 or 52 nearest the de 

sired zone of treatment appears to be negative or posi 
tive to the adjacent cells or tissue. This result is 
achieved notwithstanding the fact that the average cur 
rent flowing through the system is zero. The preselec 
tion of the location of the negative or positive polarity 
electrode with respect to the adjacent body surfaces 
will be more fully explained hereinafter. Generally, 
however, one of the electrode plates 50 or 52 is placed 
closer to the desired zone of treatment with respect to 
the other electrode plate. The preferred location of the 
electrode plates 50 and 52 is adjacent to the epithelial 
surfaces of the living body or patient under treatment. 
The term "adjacent to' as used herein means adjacent 
or, adjoining, or contiguous, or coterminous, or abut 
ting. As for example, when the plates 50 and 52 are in 
direct physical contact with the body surfaces, the 
plates would be contiguous with the body surfaces, 
however, when a dielectric material is interposed be 
tween the plates and the body surfaces, the plates 
would be adjacent or near, that is, in close proximity to 
the body surfaces. 

It is to be understood, however, if desired, the elec 
trodes 50 and 52 may take a form which would allow 
them to be embedded in the zone of treatment. That is, 
both of the electrodes may be in the form of needle like 
electrodes or, alternatively, one may be needle like and 
the other electrode may take the form of a plate. How 
ever, as stated, the preferred location of the electrodes 
is external to the epithelium of the living body. A surgi 
cally non-invasive technique is preferred because in 
this manner the signals generated by the circuit of FIG. 
1 can be coupled to the zone of treatment without cre 
ating a discontinuity in the epithelium thereby avoiding 
the risk of superficial and deep infection in the patient 
during the treatment. 
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Also, it may be explained that while the preferred 
form of the power supply 23 is a battery comprising one 
or more electrohemical cells, other suitable known 
electrical power supplies may be utilized. The entire 
circuit of FIG. 1, if desired, may be cast in a potting 
compound compatible with the environment of the 
body with or without the inclusion of the power supply. 
In this latter instance, the power supply would be oper 
atively connected to the electrical circuit through suit 
able terminals provided in the casting. This feature al 
lows the batteries to be replaced, if needed, during 
treatment, and it also permits the reuse of the elec 
tronic circuit components which would not normally be 
the case if the batteries were encapsulated along with 
the components making up the ciruit of FIG. 1. Fur 
thermore, one of the electrodes 50 or 52 can take the 
form of a plate secured to the casting encapsulating the 
electronic components. Of course, in this case, the 
plate would be appropriately connected to the elec 
tronics within the encapsulation container. Similarly, 
one or both of the electrode 50 or 52 may be adapted 
to the form of a split, wall of a splint, cast or bandage 
around the zone of treatment. It should also be pointed 
out here that the circuit of FIG. 1 may also be cast or 
potted in a material compatible with the enviroment of 
materials utilized in the formation of casts for broken 
or fractured limbs and other body parts. The reasons 
for this being that, if desired, the circuit of FIG. 1 may 
be embedded within the cast used to immobilize or sup 
port the limb or other body part having a broken or 
fractured bone. 
The encapsulated circuit of FIG. 1, may also be 

wholly implanted within the body of the patient under 
treatment if so desired. In this latter instance, a coating 
of silicone rubber or other like material may also be 
employed. That is, the potting material may have a waf 
er-like envelope of silicone rubber formed thereabout. 

Referring now to FIG. 2, the coils 50a and 52a may 
be constructed of any conducting or semi-conducting 
material. The essential requirements for the coils are: 

1. That they be placed so that they do not necessarily 
touch the body surfaces involved and so the associated 
electromagnetic field produced by them, while varying, 
produces voltage loops and induces circulating cur 
rents in the desired location(s); and, 

2. That the coils be constructed of a material that 
does not offer an excessive impedance to the flow of 
current at the rates of voltage change normally associ 
ated with this circuit. 
The preferred embodiment for the coils 50a and 52a 

is silver, although other suitable materials, as for exam 
ple, copper may be utilized. 
The preferred placement of the coils relative to the 

injury is such that the most concentrated electromag 
netic lines of force pass through the injury site at right 
angles to the direction of preferred current flow, as will 
be explained more fully hereinafter. These coils are 
also preferably configured and placed so as to diffuse 
the current flow in those regions of the body or the sur 
rounding tissue not in close proximity with the injury 
site. 

Referring now to FIGS. 2, 3, and 4 the undulating 
output voltage produced by the circuit of FIG. 2, as 
stated above, appears across the terminals 20 and 22 
and is illustrated as the sawtooth waveform shown in 
FIG. 3. As stated above, the amplitude of the output 
voltage produced by the circuit of FIG, 2 is the same 
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16 
as that produced by the circuit of Flo. 1, moreover, the 
shape of the waveform is substantially the same and, for 
purposes of explanation, FIGS. 3 and 4 will be utilized 
again, only at this point with reference to FIG. 2. The 
undulating output voltage is capacitively coupled to the 
operational amplifier 47 via capacitor 43. Actually, the 
capacitor 43 may be omitted from the circuit of FIG. 
2, if desired, because, due to the inductive coupling of 
the output voltage to the load 25 in this instance, no 
DC components can appear in the load 25. 
As a result of the undulating output voltage or saw 

tooth waveform being placed across coils 50a and 52a, 
there is produced an undulating current in the coils 50a 
and 52a which effects an undulating time verying elec 
tromagnetic field in the vicinity of the load 25, that is, 
a sawtooth waveform modulated electromagnetic field, 
which, due to the placement of the coils relative to the 
load 25, is coupled to the load 25. 
The waveform of the signal(s) appearing in the load 

25, as stated above, is illustrated in FIG. 4. The wave 
form illustrated in FIG. 4, as stated above, is represen 
tative of the voltage drop and induced current wave 
forms at the tissue level. It will be understood to those 
skilled in the art that the comments made above with 
respect to the waveforms shown in FIGS. 3 and 4 as to 
the bipolarity of the voltage appearing in the load, and 
as to what a Fourier analysis of these waveforms would 
show are applicable hereto. 

Generally, the voltage loop results at the tissue level 
by placing the sawtooth waveform modulated electro 
magnetic field produced by the coils 50a and 52a 
across the tissue at right angles to the desired direction 
of current flow at the tissue level. This voltage loop re 
sults in current flow which in turn effects the bipolar 
voltage at the tissue level. The voltage drop and current 
waveform of FIG. 4, is the result of the voltage. drop, 
caused by the current flow, across the impedance of tis 
sue and body fluids. 

It is believed that apparatus of FIG. 2 functions for 
the purpose described because during the sawtooth's 
upgoing ramp (its rise time, X in FIG. 3), the amplitude 
of the resulting bipolar voltage at the tissue level (the 
sharp spike in FIG. 4) is above that necessary to effect 
the bioelectrical signal. The magnitude of the current 
and the amplitude of the bipolar voltage (FIG. 4 deline 
ated by points CD) which are generated at the tissue 
level during the sawtooth's fall time (Z in FIG. 3) are 
below the level necessary to effect stimulation, i.e., 
below the level necessary to effect the bioelectrical sig 
nal. Hence, the potential drop through the tissue ap 
pears, to the intervening cells, to have a polarity associ 
ated with it, that is, one end or portion of the zone 
under treatment appears to be positive while the other 
end or portion appears to be negative to the intervening 
cells even though the average current flowing through 
the system is zero. 
At this point, it may be explained that, generally, the 

coils 50a and 52a are placed relative to the desired 
stimulation Zone so as to maximize electromagnetic 
field strength within this zone. The preferred location 
of the coils 50a and 52a is adjacent to, but not neces 
sarily touching the surface of the skin of the patient 
under treatment, however, if desired, the coils 50a and 
52a may take a form which would allow them to be 
placed on the surface of the skin of the patient or a 
form which would allow them to be embedded in the 
zone of treatment. Both of the coils may be in the form 
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of thin taper edged planar coils or, alternately, one may 
be of the taper edged planar geometry while the other 
coil may take the form of a small ferrite cored inductor. 
Also, it may be explained that the power supply 23 

together with 68V power supply for the operational 
amplifier 47 is a battery or batteries each comprising 
one or more electrochemical cells. Other suitable elec 
trical power supplies may be used, if desired. The entire 
circuit of FIG. 2 if desired, may be cast in a potting 
compound compatible with the environment of the 
body (human body included) with or without the inclu 
sion of power supply. In this latter instance, the power 
supply would be operatively connected to the electrical 
circuit through suitable terminals provided in the cast 
ing. This feature allows the batteries to be replaced, if 
needed, during treatment, and it also permits the resue 
of the electronic circuit components which would not 
normally be the case if the batteries were encapsulated 
along with the components making up the circuit of 
FIG, 2. Furthermore, each of the coils 50a and 52a can 
take the form of a wire wound bobbin secured to the 
casting encapsulating the electronic components. Of 
course, in this case, the coils would be appropriately 
connected to the electronics within the encapsulation 
container. Similarly, each of the coils 50a and 52a may 
be adapted to the form of a splint or wall of a splint, 
cast, or bandage around the injured area. It should also 
be pointed out here that the circuit of FIG.2 may also 
be cast or potted in a material compatible with the en 
vironment of materials utilized in the formation of casts 
for broken or fractured limbs and other body parts. The 
reason for this body, that, if desired, the circuit of the 
invention may be embedded within the cast used to im 
mobilize or support the limb or other body part having 
a broken or factured bone. 
The encapsulated circuit of FIG. 2, may also be 

wholly implanted within the body of the patient under 
treatment if so desired. In this latter instance a coating 
of silicone rubber or other like material may also be 
employed. That is, the potting material may have a waf 
er-like envelope of silicone rubber formed thereabout. 
However, as stated, the preferred location of the coils 

in external to the epithelial surfaces of the body be 
cause a surgically non-invasive technique is the pre 
ferred mode of coupling the electrical energy to the liv 
ing body utilizing the principles of the present inven 
tion. 
While emphasis, thus far, has been given to the thera 

peutic treatment of bone tissue as a specific example of 
the use of the devices of the invention, it is to be under 
stand that the bioelectrochemical activity at cell 
membranes lends itself to external control. Therefore, 
the bioelectrochemical devices of the invention, in all 
of their forms and obvious modifications, may be cap 
ble of having a beneficial healing influence in the fol 
lowing areas: 

l, Growth 
2. Remodeling 
3. Therapeutic Pain Control 
4. Therapeutic Muscle and Nerve Control 
5. Infection 
These possible areas of use are given only by way of 

example and not by way of limitation. These possible 
areas of use means that the devices of the invention 
may possibly be used for such things as bone repair or 
fracture healing, soft tissue repair and thrombosis. In 
other words, all of those biological processes which ex 
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hibit abnormal electrical behavior may be beneficially 
influenced by a "correctly programmed' bioelectro 
chemical apparatus. The term correctly programmed 
bioelectrical apparatus as used herein includes those 
devices for generating an undulating output voltage 
having a waveform whose rise time is different from its 
fall time and wherein the output of the devices can be 
programmed via the structural makeup of the devices 
to a specific frequency range. 
Consequently, with respect to the circuits of FIGS. 1 

and 2, the term correctly programmed is meant to in 
clude variations in the frequencies, the duty cycles, the 
rise times, the fall times, and also the polarity of the 
output voltage produced by the circuits of FIGS. 1 and 
2. Those skilled in the art will recognize that these fac 
tors determine the characteristics of the output volt 
ages produced by the circuits of FIGS. 1 and 2. With 
respect to duty cycle, rise time and frequency, the vari 
ations may be accomplished by varying resistor 30, ca 
pacitor 28 and supply voltage 23; with respect to fall 
time, variations may be effected by changing the induc 
tance of the transformer windings, i.e., susbstitution of 
one transformer for another, with respect to polarity 
variations, these may be effected by reversing the trans 
mission means 54 and 55 in the case of the circuit of 
FIG. 1 or transmission means 54 and 56 in the case of 
the circuit of FIG. 2. 
Furthermore, in the case of the circuit of FIG. 1 cor 

rectly programmed is meant to include positioning, 
electrode plate area and electrode plate geometry. 
That is, these latter factors govern the strength and 
area over which the energy is transmitted from the cir 
cuit of FIG. 1 to the predetermined zone of the living 
body under treatment. In the cases of bone healing, and 
wound healing, for example, the preferred embodi 
ments of the plate electrodes is a geometry in which the 
working or negative electrode plate 52 is over the area 
under treatment and the counter or positive electrode 
plate 50 is placed over an area remote from the area 
under treatment. In general, the working electrode or 
the electrode plate which is to effect the desired heal 
ing effect is about one-fifth the area of the counter or 
opposite electrode plate and the electrode plate config 
uration is chosen so that the concentrations of the elec 
tric field is as close to the desired area of treatment as 
possible. 

In the case of the circuit of FIG. 2, correctly pro 
grammed is meant to include positioning, coil volume 
and coil geometry. That is, these latter factors govern 
the strength and area over which the energy is transmit 
ted from the circuit of FIG. 2 to the zone of tissue of 
the living body under treatment. In general, the thera 
peutic coil geometry is chosen so that the highest con 
centration of the field, that is, the maximum flux den 
sity is as close to the desired area of treatment as is pos 
sible. 

Referring now to FIG. 5, there is illustrated an elec 
trical medical device of the type shown in FIG. 1 with 
a patient on which it is being used, parts of the patient 
have been schematized. The working or negative elec 
trode 52 is adjacent to the area under treatment and 
the counter or positive electrode 50 is located remote 
from the area under treatment. The block 100 is to be 
taken as representative of a circuit that will generate an 
electrical signal undulating in both the positive and 
negative directions and having a waveform whose rise 
time differs from its fall times. With such an arrange 
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ment, during the undulations of the driving signal pro 
duced by the circuit of block 100, current flow will be 
effected in the part 102 of the patient under treatment. 
The magnitude of the current will be higher in the di 
rection moving from the proximal region of the part 
102 to the distal region of the part 102 than vice versa. 
The magnitude of the larger current will correspond to 
the current signal shown in FIG. 4 delineated by the 
points ABC and the smaller magnitude of current, mov 
ing in the direction from the distal region to the proxi 
mal region of the part 102, will correspond to the cur 
rent signal shown in FIG. 4 delineated by the points 
CD. As a result of this current flow there will be estab 
lished a bipolar voltage within and across the zone of 
treatment undulating both in the positive and negative 
directions with the maximum amplitude of the bipolar 
voltage in one direction being greater than the maxi 
mum amplitude of the bipolar voltage in the opposite 
direction, i.e., corresponding to the voltage drop wave 
form of FIG. 4. The bipolar voltage thus established in 
the area of treatment is of a predominantly negative po 
larity which increases the absolute value of the naturally 
occurring electrical potential of the area under treat 
ment which, it is speculated, may be comulative with 
the naturally occurring change of potential, which oc 
curs at injury, to enhance and speed the repair mecha 
nism with faster rates of recovery to the injured bone. 
Referring now in F.G. 6, there is illustrated an elec 

trical medical device of the type shown in FIG. 2 with 
a patient on which it is being used, parts of the patient 
have been schematized. A single coil 202 is illustrated 
and it is placed over the area of treatment so that it is 
as close to the area of treatment as is possible. The 
block 200 is to be taken as representative of a circuit 
that will generate an electrical signal undulating in both 
the positive and negative directions and having a wave 
form whose rise time is different from its fall time. With 
the arrangement shown in FIG. 6, during the undula 
tions of the driving signal produced by the circuit of 
block 200, there is produced an undulating current in 
the coil 202 which in turn effects an undulating time 
varying electromagnetic field which, due to the place 
ment of the coil 202 relative to the part 102 of the pa 
tient, is coupled to the part i02. A voltage loop results 
at the tissue level which in turn results in current flow 
in the part 102 which current in turn effects a bipolar 
voltage with and across the part 102 of the patient. The 
electromagnetic field produced by the coil 202 is at 
right angles to the desired directions of current flow 
and the current flow undulates in both the positive and 
negative directions in the part 102 of the patient. The 
magnitude of the current flow moving in the direction 
from the proximal region of the part 102 to the distal 
region of the part 102 will be greater than the magni 
tude of the current moving from the distal region to the 
proximal region of part 102. The greater current corre 
sponds to the current signal shown in FIG. 4 delineated 
by the points ABC, and the smaller current corre 
sponds to the current signal delineated by the points 
CD. As a result of this current flow there will be estab 
lished a bipolar voltage within and across the Zone of 
treatment undulating in both the positive and negative 
directions with the maximum amplitude of the bipolar 
voltage in one direction being greater than the maxi 
mum amplitude of the bipolar voltage in the opposite 
direction, i.e., corresponding to the voltage drop wave 
form of FIG. 4. 
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The bipolar voltage thus established in the area of 

treatment is of a predominantly negative polarity which 
increases the absolute value of the naturally occurring 
electrical potential of the area under treatment which 
it is speculated, may be comulative with the naturally 
occurring change of potential, which occurs at injury, 
to enhance and speed the repair mechanism with faster 
rates of recovery to the injured bone. 

It will be understood to those skilled in the art, that, 
while only electronic circuits have been shown, a me 
chanical device capable of generating either an undu 
lating electrodynamic or electromagnetic field which 
rises and collapses in accordance with a preselected 
frequency with the time period of the rise of the field 
being different from the time period of the collapse of 
the field will effect a current at the tissue level in accor 
dance with the teachings of the present invention. Such 
a mechanical device is shown in schematic form in FIG. 
7. In FIG. 7,302 is a magnet rotating about an axis 304. 
The element 306 is a sheet of material impervious to 
the magnetic field of rotating magnet 302 and the ele 
ment 306 has a triangular shaped opening 308 therein. 
It will be understood to those skilled in the art that as 
magnet 302 rotates past opening 308 an electromag 
netic field will be created on the otherside of the ele 
ment 308 which rises and falls in accordance with the 
rotational speed of magnet 302. Furthermore, the cre 
ated magnetic field will rise and collapse at different 
time periods due to the triangular shaped opening 308. 

It is to be borne in mind that the broadest aspects of 
the present invention are the treatment of cells of a liv. 
ing body by utilizing the interfacial properties of cell 
membranes which means that cell-membranes behave 
an electrodes. Consequently, cell-membranes will re 
spond to local potential variation. Although because of 
their particular geometry and specific sensitivities, 
nerve cells may be among those cells most affected by 
the above described local potentials, the intent of this 
invention is not to solely stimulate nerve cells, although 
this may be a required step in the healing process, but 
also to stimulate any other susceptible variety of cells 
or tissue necessary to achieve the desired end effects of 
healing of desirable tissue types. 
While the allusion has been made throughout this 

specification to specific mechanistic phenomena asso 
ciated with cell and tissue healing, it is to be understood 
that the inventor in many instances does not have full 
awareness of the actual processes involved. Those that 
have been set forth were merely attempts at an expla 
nation for the reason that the devices described are op 
erative for the purposes disclosed. 

In a practical embodiment of the invention, as shown 
in FIG. 1, the components described in FIG. 1 can have 
the values as shown in Table 1. 

TABLE 1 

Resistors (ohms) 
30 0-1, 000K variable 
3. 50 k 
32 50 k 
46 500 k 
Capacitors (u F) 
28 0.047 
40 0.004.7 
43 1.0 
Transistors 
25 2NT8A 
26 2N327 
Transformer 
34 UNITED TRANSFORMER CORP. 
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TABLE ll-Continued 
No. Bit-250-48 

Diode 
44 Hewlett Packard HP2800 

In a practical embodiment of the invention, as shown 
in FIG. 2, the components described in FIG. 2 can have 
the values shown in Table 2. 

TABLE 2 

Resistors (ohms) 
30 0-1,000K variable 
31 50k 
32 50k 
46 500k 
Capacitors (u F) 
28 0.047 
40 0.0047 

Transistors 
25 2N718A 
26 2N327 
Transformer 
34 UNITED TRANSFORMER CORP. 

No. Bit-250-48 
Diode 
44 Hewlett Packard HP2800 
Operational Amplifier 
47 RCA HC 2000 

While there has been described and pointed out the 
fundamental novel features of the invention as applied 
to two embodiments thereof, it will be understood that 
various omissions and substitutions and changes in the 
form and details of the devices illustrated and their op 
eration may be made by those skilled in the art, without 
depending from the spirit of the invention. It is the in 
tention, therefore, to be limited only as indicatd by the 
scope of the following claims. 

claim: 
1. An electrical medical device for artificially stimu 

lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a. means for generating an electrical signal undulat 
ing in both the positive and negative directions and 
having a wave-form whose rise time is different 
from its fall time; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for ef 
fecting a voltage in said predetermined zone undu 
lating both in the positive and negative directions 
with the maximum amplitude of said voltage in one 
direction being greater than the maximum ampli 
tude of said voltage in the opposite direction 
thereby to artificially stimulate normal bone 
growth and repair processes in said predetermined 
2Oe 

2. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a. means for generating an undulating electrical sig 
nal having a wave-form whose rise time is different 
from its fall time; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for pro 
ducing current flow in both the positive and nega 
tive directions in said predetermined zone with the 
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magnitude of said current in one direction being 
greater than in the opposite direction thereby to 
artificially stimulate normal bone growth and re 
pair processes in said predetermined zone. 

3. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 
a means for generating an undulating electrical sig 
nal having a wave-form in which the fall time with 
respect to the rise time differs by at least one order; 
and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for pro 
ducing current flow in said predetermined zone 
whose magnitude in one direction is greater than in 
the opposite direction thereby to artificially stimu 
late normal bone growth and repair processes in 
said predetermined zone. 

4. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a. means for selectively generating an undulating 
electrical signal having a wave-form whose rise 
time widely differs from its fall time and whose rise 
time corresponds with a high frequency content 
within the range of from about 10 hertz to about 
megahertz; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for pro 
ducing by a selected rise time current flow at any 
selected depth within said predetermined zone 
whose magnitude in one direction is greater than in 
the opposite direction thereby to artificially stimu 
late normal bone growth and repair processes in 
said predetermined zone. 

5. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body as set forth in claim 4 wherein said rise time 
corresponds with a high frequency content within the 
range of from about 10 hertz to about 10 kilohertz. 

6. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body as set forth in claim 4 wherein said rise time 
corresponds with a high frequency content within the 
range of from about 10 kilohertz to about 50 kilohertz. 

7. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body as set forth in claim 4 wherein said rise time 
corresponds with a high frequency content within the 
range of from about 50 kilohertz to about 200 kilo 
hertz, 
8. An electrical medical device for artificially stimu 

lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body as set forth in claim 4 wherein said rise time 
corresponds with a high frequency content within the 
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range of from about 200 kilohertz to about 1 mega 
hertz. 
9. An electrical medical device for artificially stimu 

lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a. means for selectively generating an undulating 
electrical signal having a wave-form whose rise 
time widely differs from its fall time and whose rise 
time corresponds with a high frequency content 
within the range of about 10 hertz to about 1 mega 
hertz, and in which the repetition frequency of said 
undulating signal is no greater than the reciprocal 
of the sum of said rise time and of said fall time; 
and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for pro 
ducing by a selected rise time current flow at any 
selected depth within said predetermined zone 
whose magnitude in one direction differs from that 
in the opposite direction thereby to artificially 
stimulate normal bone growth and repair processes 
in said predetermined zone. 

10, An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprpsing: 

a. means for generating an undulating electrical sig 
nal having a wave-form whose rise time is different 
from its fall time; and 

b. means for non-faradaically reactively coupling said 
signal to said predetermined zone of said living 
body and for effecting ionic current flow in said 
predetermined zone whose magnitude in one direc 
tion is greater than in the opposite direction 
thereby artificially stimulate normal bone growth 
and repair processes in said predetermined zone. 

11. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by increasing the 
absolute value of the electrical potential of the prede 
termined zone of the living body comprising: 
a means for generating an undulating electrical sig 

nal having a wave-form whose rise time is different 
from its fall time; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for ef 
fecting current flow in said predetermined zone 
whose magnitude in one direction is greater than in 
the opposite direction and is in direction and of 
magnitude to establish said increased absolute 
value of electrical potential thereby to artificially 
stimulate normal bone growth and repair processes 
in said predetermined zone. 

12. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
local potentials at the membranes of cells and fluid in 
terfaces in the predetermined zone of the living body 
comprising: 

a. means for generating an undulating electrical sig 
nal having a wave-form whose rise time is different 
from its fall time; and 

b. means for coupling said signal to said living body 
and for effecting a voltage in said predetermined 
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zone of amplitude in one direction greater than in 
the opposite direction thereby modifying the local 
potentials at the membranes of cells and fluid inter 
faces in the predetermined zone thereby to artifi 
cially stimulate normal bone growth and repair 
processes in said predetermined zone. 

13. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
local potentials at the membranes of cells and fluid in 
terfaces of the predetermined zone of the living body 
comprising: 
a means for generating an undulating electrical sig 
nal having a wave-form whose rise time is different 
from its fall time; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for ef 
fecting a current flow in said predetermined zone 
of magnitude in one direction greater than in the 
opposite direction which current in turn produces 
a voltage in the predetermined zone having an am 
plitude in one direction greater than in the opposite 
direction, said voltage modifying the local poten 
tials at the membranes of cells and fluid interfaces 
of the predetermined zone thereby to artificially 
stimulate normal bone growth and repair processes 
in said predetermined zone. 

14. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
Zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 
a generating an electrical signal undulating in both 
the positive and negative directions and having a 
wave-form whose rise time is different from its fall 
time; and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting a volt 
age in said predetermined zone undulating both in 
the positive and negative directions with the maxi 
mum amplitude of said voltage in one direction 
being greater than the maximum amplitude of said 
voltage in the opposite direction thereby to artifi 
cially stimulate normal bone growth and repair 
processes in said predetermined zone. 

15. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
Zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 

a. generating an undulating electrical signal having a 
wave-form whose rise time is different from its fall 
time; and 

b. reactively coupling said signal to said predeter 
mined Zone of said living body for effecting current 
flow in both the positive and negative directions in 
said predetermined zone with the magnitude of 
said current in one direction being greater than in 
the opposite direction thereby to artificially stimu 
late normal bone growth and repair processes in 
said predetermined zone. 

16. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
Zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 
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a generating an undulating electrical signal having a 
wave-form in which the fall time with respect to the 
rise time differs by at least one order; and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting current 
flow in said predetermined zone whose magnitude 
in one direction is greater than in the opposite di 
rection thereby to artificially stimulate normal 
bone growth and repair processes in said predeter 
mined zone. 

17. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 

a. Selectively generating an undulating electrical sig 
nal having a wave-form whose rise time widely dif 
fers from its fall time and whose rise time corre 
sponds with a high frequency content within the 
range of from about 10 hertz to about 1 megahertz; 
and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting by a se 
lected rise time current flow at any selected depth 
within said predetermined zone whose magnitude 
in one direction is greater than in the opposite di. 
rection thereby artificially stimulate normal bone 
growth and repair processes in said predetermined 
ZOle, 

18. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body as set 
forth in claim 17 wherein said rise time corresponds 
with a high frequency content within the range of from 
about 10 hertz to about 10 kilohertz. 

19. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body as set 
forth in claim 17 wherein said rise time corresponds 
with a high frequency content within the range of from 
about 10 kilohertz to about 50 kilohertz. 
20. The method of artificially stimulating normal 

bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body as set 
forth in claim 17 wherein said rise time corresponds 
with a high frequency content within the range of from 
about 50 kilohertz to about 200 kilohertz. 
21. The method of artificially stimulating normal 

bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body as set 
forth in claim 17 wherein said rise time corresponds 
with a high frequency content within the range of from 
about 200 kilohertz to about 1 megahertz. 
22. The method of artificially stimulating normal 

bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 

a. selectively generating an undulating electrical sig 
nal having a wave-form whose rise time widely dif 
fers from its fall time and whose rise time corre 
sponds with a high frequency content within the 
range of about 10 hertz to about 1 megahertz, and 
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in which the repetition frequency of said undulat 
ing signal is no greater than the reciprocal of the 
sum of said rise time and of said fall time; and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting by a se 
lected rise time current flow of any selected depth 
within said predetermined zone whose magnitude 
in one direction differs from that in the opposite 
direction thereby artificially stimulate normal bone 
growth and repair processes in said predetermined 
2O. 

23. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 
a generating an undulating electrical signal having a 
wave-form whose rise time is different from its fall 
time; and 

b. non-faradaically reactively coupling said signal to 
said predetermined zone of said living body for ef. 
fecting ionic current flow in said predetermined 
zone whose magnitude in one direction is greater 
than in the opposite direction thereby to artificially 
stimulate normal bone growth and repair processes 
in said predetermined zone. 

24. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by increasing the absolute value 
of the electrical potential of the predetermined zone of 
the living body comprising the steps of: 

a. generating an undulating electrical signal having a 
wave-form whose rise time is different from its fall 
time, and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting current 
flow in said predetermined zone whose magnitude 
in one direction is greater than in the opposite di 
rection and is in direction and of magnitude to es 
tablish said increased absolute value of electrical 
potential thereby to artificially stimulate normal 
bone growth and repair processes in said predeter 
mined zone. 

25. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the local potentials 
at the membranes of cells and fluid interfaces in the 
predetermined zone of the living body comprising: 

a. generating an undulating electrical signal having a 
wave-form whose rise time is different from its fall 
time; and 

b. reactively coupling said signal to said living body 
for effecting a voltage in said predetermined zone 
of amplitude in one direction greater than in the 
opposite direction thereby modifying the local po 
tentials at the membranes of cells and fluid inter 
faces in the predetermined zone thereby to artifi 
cially stimulate normal bone growth and repair 
processes in said predetermined zone. 

26. The method of aritficially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the local potentials 
at the membranes of cells and fluid interfaces of the 
predetermined Zone of the living body comprising: 

a. generating an undulating electrical signal having a 
wave-form whose rise time is different from its fall 
time; and 



3,893,462 
27 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting a cur 
rent flow in said predetermined zone of magnitude 
in one direction greater than in the opposite direc 
tion which current in turn produces a voltage in the 5 
predetermined zone having an amplitude in one di 
rection greater than in the opposite direction, said 
voltage modifying the local potentials at the mem 
branes of cells and fluid interfaces of the predeter 
mined zone thereby to artificially stimulate control 10 
bone growth and repair processes in said predeter 
mined zone. 

27. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the naturally occur- 15 
ring electrical potential of the predetermined zone of 
the living body comprising the steps of: 

a. generating an electrical field which rises and col 
lapses in accordance with a preselected frequency 
with the time period of the rise of the electrical 20 
field being different from the time period of the 
collapse of the electrical field; and 

b. reactively coupling said electrical field to said pre 
determined zone for inducing a voltage in said pre 
determined zone undulating in both the positive 25 
and negative directions with the maximum ampli 
tude of said voltage in one direction being greater 
than the maximum amplitude of said voltage in the 
opposite direction thereby to antificially stimulate 
normal bone growth and repair processes in said 30 
predetermined zone. 

28. A method for artificially stimulating bone growth 
in a predetermined zone of a patient, comprising the 
steps of: 
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a generating, by an electric circuit, an electrical sig 

nal undulating in both the positive and negative di 
rections and having a wave-form whose rise time is 
difficult from its fall time; and 

b. reactively coupling said signal to the patient by ap 
plying a pair of spaced electrodes, which electrodes 
are connected to the electric circuit, adjacent to 
the predetermined zone with one of the electrodes 
being located closer to the predetermined zone 
than the other of the electrodes whereby to pro 
duce current flow in the predetermined zone both 
in the positive and negative directions with the 
magnitude of said current in one direction being 
greater than in the opposite direction. 

29. A method as defined in claim 28 wherein the 
electrode being located closer to said predetermined 
zone is smaller than the other of said electrodes. 
30. A method for artificially stimulating bone growth 

in a predetermined zone of a patient, comprising the 
steps of: 

a. generating, by an electrical circuit, an electrical 
signal undulating in both the positive and negative 
directions and having a wave-form whose rise time 
is different from its fall time; and 

b. reactively coupling said signal to the patient by ap 
plying at least one coil, which coil is connected to 
the electric circuit, adjacent to the predetermined 
zone whereby to induce in the predetermined zone 
a current undulating in both the positive and nega 
tive directions with the maximum magnitude of 
said current in one direction being greater than the 
maximum magnitude of said current in the oppo 
site direction. 

> 2k ck sk k 
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57 ABSTRACT 
Electrical medical devices and methods are disclosed 
for the therapeutic treatment of cells and/or tissue in a 
living body. The electrical medical devices and meth 
ods of the invention are useful in the therapeutic treat 
ment of cells and/or tissue which require a "bioelectri 
cal signal' to artificially stimulate healing of the cells 
and/or tissue. The devices and methods of the invention 
provide for the generation of an undulating electrical 
signal having a wave-form whose rise time differs from 
its fall time which when coupled to the living body 
induces currents at the tissue level which currents in 
turn produce a voltage at the tissue level that is bipolar 
with the amplitude and frequency components of one 
polarity thereof being different from those of the oppo 
site polarity thereof; the voltage that is bipolar effecting 
the bioelectrical signal at the cellular or tissue level for 
artificially stimulating healing of the cells and/or tissue. 
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REEXAMINATION CERT FCATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets I appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

The drawing figures have been changed as follows: 
In FIGS. 1 and 2 a dot has been placed at the intersec 
tion of the vertical line between elements 25 and 31 and 
the horizontal line to the right of point 29. New FIGS. 
8 and 9 have been added, 

ONLY THOSE PARAGRAPHS OF THE 
SPECIFICATION AFFECTED BY AMENDMENT 

ARE PRINTED HEREIN. 

Column 4, lines 28-32: 
FIGS. 5 and 6 show electrical medical devices of the 

invention with a patient on which they are being used, 
parts of the latter being schematized; and 
FIG. 7 schematically illustrates a mechanical device 

in accordance with the invention... and 

Column 4, after line 32: 
FIGS. 8 and 9 are illustrations of electric signals useful 

in explaining the operation of another embodiment of this 
invention. 

Column 6, lines 29-49: 
Also, while a relatively long fall time with respect to 

rise time is shown for the wave-form of FIG. 3, it is to 
be understood that a fall time having a shorter time 
period than the rise time of the waveform can be uti 
lized in practicing the invention, such as the signals 
shown in FIG. 8 (in which like reference letters refer to like 
portions of FIG. 3). This is because, firstly, the depth of 
penetration of most of the induced current in the tissue 
generated during the fall time, e.g., from C to D' in FIG. 
9, (in which like reference numerals refer to like signal 
portions as in FIG 4), can be regulated by adjusting the 
time period of the fall time in accordance with the re 
strictions placed on the depth of penetration of the 
induced current by the electromagnetic skin effect. This 
will prevent most of the induced currents from reaching 
the tissue under treatment. Secondly, that small portion 
of the induced current which does penetrate the tissue 
under treatment during the fall time can be made to 
exist for a period of time shorter than that necessary to 
inhibit those electrochemical events at the cellumar 
level, which occur during the rise time of the wave 
form and achieve the desired therapeutic effect, by 
adjusting the fall time of the wave-form. 

AS A RESULT OF REEXAMINATION, IT HAS 
BEEN DETERMINED THAT: 

The patentability of claims 3 and 16 is confirmed. 

Claims 8, 10-13, 21, 23-27, 29 and 30 are cancelled. 
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2 
Claims 1, 2, 4, 9, 14, 15, 17, 22 and 28 are determined 

to be patentable as amended. 

Claims 5-7 and 18-20, dependent on an amended 
claim, are determined to be patentable. 

New claims 31-38 are added and determined to be 
patentable. 

1. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 
a means for generating an electrical signal undulating 

in both the positive and negative directions and 
having a wave-form whose rise time is different 
from slower than its fall time; and 

b. means for reactively coupling said signal to said 
predetermined zone of said living body and for 
effecting a voltage in said predetermined zone un 
dulating both in the positive and negative direc 
tions with the maximum amplitude of said voltage 
in one direction corresponding to said fall time being 
greater than the maximum amplitude of said volt 
age in the opposite direction corresponding to said 
rise time and intended to achieve the desired therapeu 
tic effects, thereby to artificially stimulate normal 
bone growth and repair processes in said predeter 
mined Zone. 

2. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a means for generating an undulating electrical signal 
having a wave-form whose rise time is different 
from slower than its fall time; and 

b, means for reactively coupling said signal to said 
predetermined zone of said living body and for 
producing current flow in both the positive and 
negative directions in said predetermined zone 
with the magnitude of said current in one direction 
corresponding to said fall time being greater than in 
the opposite direction corresponding to said rise time 
and intended to achieve the desired therapeutic ef. 
fects, thereby to artificially stimulate normal bone 
growth and repair processes in said predetermined 
Zoe. 

4. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 

a. means for selectively generating an undulating 
electrical signal having a wave-form whose rise 
tine widely differs from its fall time and whose rise 
time corresponds with a high frequency content 
within the range of from about 10 hertz to about 1 
megahertz 200 kilohertz; and 

b. means for reactively capacitively coupling said 
signal to said predetermined zone of said living 
body and for producing by a selected rise time 
current flow at any selected depth within said pre 
determined zone whose magnitude in one direction 
is greater than in the opposite direction thereby to 
artificially stimulate normal bone growth and re 
pair processes in said predetermined zone. 
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9. An electrical medical device for artificially stimu 
lating normal bone growth and repair processes in a 
predetermined zone of a living body by modifying the 
electrical potential of the predetermined zone of the 
living body comprising: 
a means for selectively generating an undulating 

electrical signal having a wave-form whose rise 
time widely differs from is slower than its fall 
time and whose rise time corresponds with a high 
frequency content within the range of about 10 
hertz to about 1 megahertz 200 kilohertz, and 
in which the repetition frequency of said undulat 
ing signal is no greater than the reciprocal of the 
sum of said rise time and of said fall time; and 

b. means for reactively capacitively coupling said 
signal to said predetermined zone of said living 
body and for producing by a selected rise time 
current flow at any selected depth within said pre 
determined zone whose magnitude in one direction 
differs from that corresponding to said fall time is 

greater than the magnitude of current flow in the 
opposite direction corresponding to said rise time 
and intended to achieve the desired therapeutic ef. 
fects, thereby to artificially stimulate normal bone 
growth and repair processes in said predetermined 
ZOne. 

14. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 
a generating an electrical signal undulating in both 

the positive and negative directions and having a 
wave-form whose rise time is different from 
slower than its fall time; and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting a volt 
age in said predetermined zone undulating both in 
the positive and negative directions with the maxi 
mum amplitude of said voltage in one direction 
corresponding to said fall time being greater than the 
maximum amplitude of said voltage in the opposite 
direction corresponding to said rise time and intended 
to achieve the desired therapeutic effects, thereby to 
artificially stimulate normal bone growth and re 
pair processes in said predetermined zone. 

15. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 
a generating an undulating electrical signal having a 
wave-form whose rise time is different from 
slower than its fall time; and 

b. reactively coupling said signal to said predeter 
mined zone of said living body for effecting current 
flow in both the positive and negative directions in 
said predetermined zone with the magnitude of 
said current in one direction corresponding to said 
fall time being greater than in the opposite direc 
tion corresponding to said rise time and intended to 
achieve the desired therapeutic effects, thereby to 
artificially stimulate normal bone growth and re 
pair processes in said predetermined zone. 

17. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
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4. 
tial of the predetermined zone of the living body com 
prising the steps of: 
a selectively generating an undulating electrical sig 

nal having a wave-form whose rise time widely 
differs from its fall time and whose rise time corre 
sponds with a high frequency content within the 
range of from about 10 hertz to about 1 mega 
hertz 200 kilohertz; and 

b. reactively capacitively coupling said signal to 
said predetermined zone of said living body for 
effecting by a selected rise time, current flow at 
any selected depth within said predetermined zone 
whose magnitude in one direction is greater than in 
the opposite direction thereby artificially stimulate 
normal bone growth and repair processes in said 
predetermined zone. 

22. The method of artificially stimulating normal 
bone growth and repair processes in a predetermined 
zone of a living body by modifying the electrical poten 
tial of the predetermined zone of the living body com 
prising the steps of: 

a. Selectively generating an undulating electrical sig 
nal having a wave-form whose rise time widely 
differs from is slower than its fall time and whose 
rise time corresponds with a high frequency con 
tent within the range of about 10 hertz to about 1 
megahertz 200 kilohertz, and in which the repe 
tition frequency of said undulating signal is no 
greater than the reciprocal of the sum of said rise 
time and of said fall time; and 

b. reactively capacitively coupling said signal to 
said predetermined zone of said living body for 
effecting by a selected rise time current flow of any 
selected depth within said predetermined zone 
whose magnitude in one direction differs from 
that corresponding to said fall time is greater than 
the magnitude of current flow in the opposite direc 
tion corresponding to said rise time and intended to 
achieve the desired therapeutic effects, thereby to 
artificially stimulate normal bone growth and re 
pair processes in said predetermined zone. 

28. A method for artificially stimulating bone growth 
in a predetermined zone of a patient, comprising the 
steps of: 

a. generating, by an electric circuit, an electrical sig 
nal undulating in both the positive and negative 
directions and having a wave-form whose rise time 
is difficult different from its fall time; and 

b. reactively capacitively coupling said signal to 
the patient by applying a pair of spaced electrodes, 
which electrodes are connected to the electric 
circuit, adjacent to the predetermined zone with 
one of the electrodes being located closer to the 
predetermined zone than the other of the elec 
trodes, the electrode located closer to said predeter 
mined zone being smaller than the other of said elec 
trodes, whereby to produce current flow in the 
predetermined zone both in the positive and nega 
tive directions with the magnitude of said current 
in one direction being greater than in the opposite 
direction. 

31. The electrical medical device of claim I wherein said 
fall time lasts for less than 10 microseconds. 

32. The electrical medical device of claim 2 wherein said 
fall time lasts for less than 10 microseconds. 

33. The method of claim 14 wherein said fall time lasts 
for less than 10 microseconds, 
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34. The method of claim 15 wherein said fall time lasts 
for less than 10 microseconds. 

35. The electrical medical device of claim 3 wherein said 
rise time is at least ten times longer than said fall time, 

36. The method of claim 16 wherein said rise time is at 5 
least ten times longer than said fall time. 

37. The method of claim 28 wherein said fall time is 
longer than said rise time and wherein the absolute value of 
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6 
the voltage between said electrodes during said rise time is 
between 0.8 and 1.0 volts, and the absolute walue of the 
voltage between said electrodes during said fall time is 
between 00 and 0.01 volts, 

38. The method of claim 28 wherein said fall time is 
shorter than said rise time and wherein said fall time is 
between 500 microseconds and one nanosecond. 

s 


