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(57) Abstract

A method for stimulating the production of growth factor in living tissue is provided. The method involves the application
of a controlled, fluctuating, directionally oriented magnetic field parallel to a predetermined axis (50) projecting through the tar-
get tissue (10). This method provides a non-invasive technique for mediating tissue growth, maintenance, and repair by stimulat-
ing the production of growth factors in the tissue of interest. Because cell growth is stimulated by increased levels of growth factor
(such as, for example, insulin-like growth factor-II) the beneficial effect remains and continues after the applied magnetic field is
removed. Increases in the production of growth factor in the range of 20 to 50 percent have been observed.
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—~MAGNETIC STIMULATION OF INCREASED GROWTH FACTOR PRODUCTION-

FIELD OF THE INVENTION -

The present invention relates generally to' methods aud
appératus for stimulating the production of growth factors in 1living
tissue. More specificaily, " the pregsent inyention relates to
non-invagive techniques for stimulating the pz_:oduction of growth factors

in the tissue of interest.

In recent years, multidisciplinary investigations of
developmental processes have provided evidence suggesting that Qlectric
and magnetic fields play an important role in cell and tiesue behavior.
In U.S. Patent No.. 4,818,697, entitled, '"Techniques f{or Fuhancin: the
Permeability of Ions," the disclosure of which is incorporated herein by
reference, a method and apparatus are disclosed by which transmembrane
movement of a prelelect;d ion is magnetically regulated wusing a
time-varying magnetic field. The fluctuating meagnetic field is tLuned to
the cyclotron resonance energy absorptiim frequency of the preselacted
ion. And in U.S. Patent No. 4,932,951, entitled "Heithod and Apparntus
for Controlling Tissue Growth and An Applied Fluctuating "agnatie
Field," the disclosure of which is incorporated herein by referenrve, x
method and apparatus are disclosed whereby the growth characteristics of
target tissue can be influenced by exposing the tarvget Lissue,
especially bone tissue, to a magnetic field with precise predetormined
ratios of frequency to average magnetic flux density. These importomt
discoveries brought to light the interplay of local geomagnetic f{iezlds

and frequency dependence in ion transport mechanisms.
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In the present invention, a magnetic field is used to
stimulate the production of growth factor in_vive. The growth factors
produced can, by stimulating cell growth and éell replication, exert a

beneficial and continuing influence after removal of the magnetic field.

Growth factors have long been recognized as potent molecules
that can increase the prolifei:ation of many cellular types of living
tissue. These growth factors have been j.dentified and produced

jp-vitro. The problems associated with the delivery of the jin-vitro

produced growth factor to a specific site in a living organism has

1imited the use of growth factors as a therapeutic tool.

It has now been found that the production of growth factor
can be increased in vivo by the exogenous stimulation of living tissue
with magnetic fields. 1In effect, the existing cells are stimulated to
jncreage the intracellular synthesis of growth factor and/or decrease
the intracellular synthesis of growth factor inhibitors by the applied
magnetic field. The net effect is an jncrease in the amount of
effective growth factor available to influence cell growth and
proliferation and, therefore, a net inqrease in the amount of mitogenic
cellular activity. The increased level of growth factor, in turn,
results in increased levels of cell production and proliferation. This
jncreased rate of cell growth results in increased rates of cell repair,
regeneration and/or remodeling in the local area of interest. When
applied to a damaged area of tissue, the present invention allows for an

jncreased rate of repair or healing wusing the cells' natural

regenerating and repair capabilities.
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The present invention provides a method by which the
production of growth factor within living t;iséue can be increased or
stimulated in vivo by the application of magﬁetic :fields to the living
tissue of interest. By increasing the production of naturally 'occurring
growth factor, the rate of cell growth and repair can be increased with
minimal side effects. In addition, by increasing the production of
growth factor in vivo, the effectiveness and:efficiencies of the growth

factor is maximized.

One object of the present invention is to provide a method
for stimulating the product of growth factor in living tissue, where .the

method comprises the steps of:

(a) positioning a magnetic field generating means adjacent
the living tissue, where the living tissue is subject to an

ambient magnetic field flux;

(b) generati;lg an applied magnetic flux with the magnetic
field generating means such that the applied maguetic {ield
flux extends through the living tissue along an axis and
combines with the ambient magnetic field to form a composite

magnetic flux; and

(¢) fluctuating the applied magnetic flux and controlling
the average value of the magnetic flux density of the
combined magnetic flux to create and maintain a relationship
between the fre.quen;:y of the fluctuations and the average

value of the combined magnetic flux density, wherein the

average value of the combined magnetic flux density is a
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non-zero average value, wherein the relationship stimulates
the production of growth factor in the living tissue, and
wherein the relationship between the frequency of the

fluctuations and the average value of the combined magnetic

flux density is a function of

£, = (B/2r)(q/m)
vherein f, is the frequency in.Hertz, B is the non-zero
average value of the combined magnetic field flux density in

Tesla, and q/m is the charge to mass ratio of an ionic

species in Coulombs/kilograms.

Another object of the present invention is to provide a

method for stimulation of the production of growth factor in tissue

within a human subject in an ambient magnetic field, where the method

comprises the steps of:

(a) generating an oscillating applied magnetic flux along
an axis through a region of the tissue to be stimulated in a
human subject-vith a pair of field coils, the field coils
being placed in opposed relation adjacent the tigsue to be
stimulated such that the oscillating applied magnetic flux
combining with the ambient magnetic flux extends through the
tissue to be stimulated along the axis thereby forming an

oscillating composite magnetic field;

(b) periodically measuring the average value of the
magnetic flux density of the .combined magnetic field
extending through the tissue to be stimulated along tlhe axis
with a magnetic field sensor positioned adjacent the tissue

to be stimulated; and
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(c¢) adjusting the ratio of the frequencj of oscillation of
the oscillating composite magnetic field along the axis to
the average value of the magnefic flux density of the
composite magnetic field, whérein:the.average value of the
magnetic flux density of the composite magnétic field
extending through the tissue to be stimulated along the axis
is a non-zero value and wherein the ratio is a function of
the charge-to-mass ratio of an ‘ion present in the tissue to
be stimulated, whereby the composite magnetic field with its
adjusted ratio stimulates the production of growth factor in

the tissue.

Other objects and advantages of the present invention will
be, apparent from a consideration of this specification, including the

appended claims and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front elevational view of the present

invention as applied to the treatment of a injured leg.

Figure 2 is a front elevational view of the present
invention with two treatment heads having field coils and magnetic field

sensing means shown in phantom.

Figure 3 is a front elevational view of one treatment head
of the pregent invention with the housing broken away to illustrate the

magnetic field sensing means.
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Figure &4 illustrates the " combined magnetic flux of the

present invention with changes in intensity over time.

Figure 5 illustrates the fluctuating, non-zero average value

of the combined magnetic flux density.

Figure 6 is a block diagram of an embodiment of the present
jnvention in which the circuit of the inventive apparatus is arbitrarily

divided into convenient functional sections. -

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method of stimulafing the
growth factor _ production of 1living tissue in vivo and thereby
influencing the growth characteristic of the living tissue. This is
achieved by generating a fluctuating, directionally~oriented magnetic

field which projects through the target tissue.

A number of magnetic field generating means are suitable for
this purpose, but the apparatus disclosed in the foregoing United States
Patents Nos. 4,818,697 and 4,932,951 are particularly preferred. The
magnetic field so generated has a2 magnetic flux density of precisely
controlled parameters which passes through the target tissue parallel to
a predetermined axis projecting through the tissue. As will be known by
those skilled in art and as is clearly explained, the local magnetic
field to which the target tissue is subjected will have a component
which is parallel to the predetermined axis and which thus aids or
opposes the applied or generated magnetic field along the axis. At
times, the local component may be zero. In the method of the present
invention, the density of this combined magnetic flux, and more

specifically the average non-zero value of the combined magnetic flux
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density, is controlled to provide a precise relationship between the
flux density along the axis and the frequeancy of the- applied magnetic
field which is oscillating at a predetermined value. Most preferably
this is accomplished by adjusting the intensi}:y" of the applied field to
compensate for changes in the local field. ' Tﬁus, m one embodiment, the
present invention provides a method of stimulating growfh factor
production of 1living tissue by creating a magnetic field which
penetrates the tissue and which has a predetermined relationship between
frequency of oscillation and average flux deqsity. The predetermined

relationship or ratio of frequency-to~field magnitude is determined with

.reference to the equation:

f. = (B/2m)(q/m)

where £, is the frequency of the combined magnetic field along the
predetermined axis in Hertz, B is non-zero net average vallue of the
magnetic flux density of the combined magnetic field parallel to the
axis in Tesla, q/m is the charge to mass ratio of a preselected ionic
species associated with the production of growth factor and is in units
of Coulombs per kilogram. Generally, g/m is from about 5 x 10° to about
100 x 106 Coulombs/kg and B preferably has a value not in excess of

about 5 x 107% Tesla.

In order to create this fluctuating magnetic field having
the desired parameters, the composite magnetic field parallel to the
predetermined axis is constantly monitored. As discussed more fully
below, this is preferably carried out with a Hall effect device or the
like which produces an analog signal. This analog signal is
periodically sampled by microprocessing means which then calculates the
necessary frequency and/or magnitude of "the applied magnetic field to

maintain the preprogrammed, predetermined ratio previously described.

7=
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It is the combined magnetic flux which is sensed by the magnetic field
sensor. The magnetic field generating means is used to adjust the

magnitude of this composite field where appropriate.

In one embodiment, the method -incluties controlling the
average value of the applied magnetic flux density along a predetermined
axis to maintain a predetermined ratio of frequency-to-composite
magnetic flux density. In another embodiment, the frequency of the
fluctuations is adjusted to maintain this relationship in which changes
in the combined magnetic flux density due to changes in the 1local
magnetic field are detected. Moreover, a combination of these two
methods may be used wherein both the frequency and the magnitude of the
magnetic field flux dengity are adjusted to maintain the predetermined

relationship of the present invention.

Hence, the method of the present invention includes the
steps of creating and maintaining a predetermined relationship between
the frequency of a fluctuating magnetic field to the flux density of the
field. In particularly preferred embodiments, the ratio of
frequency-to-flux density -.is determined with reference to the values: a
frequency of about 15 to 16 Hertz and an average flux density of about
1.9 to 2.2 x 10~> Tesla. This combination of frequencies and flux
densities is particularly useful in stimulat'ing growth factor production
at enhanced rates. More preferably, fc is about 15.3 Hertz and B is

about 2 x 10~ Tesla.

In a preferred embodiment of the method of the present
invention, the ratio of frequency~to-flux density ig determined by
selecting a preselected ion present in the interstitial or intracellular
fluids associated with the target tiséue and tuning the flivctuating

composite magnetic flux density to the specific cyclotron resonance
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frequency for the ion. The preferred ions for stimulating growth factor
production are Ca** and Mg**. 1Ions in addition to these ions which may
be useful in the present invention are set forth for purposes of
illustration, and not limitation, as follows:. Herogen, H*; lithium,

Li*; sodium, Na*; chlorine, C1~; and bicarbonate, HCO™S.

Hence, the present invention provides a method for
stimulating the production of gfowth factors which includes the stebs of
creating a fluctuating magnetic field of predetermined frequency and
flux density along an axis projecting through a predetermined volume and
positioning a target tissue within this predetermined space such that it
is exposed to the fluctuating magnetic field. The predetermined
parameters of the fluctuating magnetic field are determined by measuring
the net average value of the combined magnetic flux density parallel to
the predetermined axis through the tissue, where the combined magnetic
field is the sum of the local magnetic field along the predetermined
axis and the applied magnetic field. The frequency and/or magnitude of
the applied magnetic flux density is then adjusted to produce a combined
magnetic field along the axis having a predetermined ratio of frequency
to flux density. This predetermined ratio stimulates the production of
growth factors at the target site. The tissue is expuosed to the
fluctuating magnetic field for a duty cycle and a period of time
sufficient to properly affect the growth characteristics of the tissue.
One advantage of increasing the production of growth factor in and
around the tissue to be repaired is that the beneficial effect remains

and continues after termination of the fluctuating magnetic field.

The inventive methods of the present invention are further

described in the discussion of various apparatus suitable for the

practices of the present invention which follows.
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Referring now to Figure 1 of the drawings, growth factor
stimulator 20 is shown in position on leg 22 with an injured or damaged
area 10 of a subject. It is to be understood that the method of the
present invention is suitable for use in stimgléting growth factor in a
range of living tissue, including but not limite.d to in v:._'t;g cell
cultures, animal subjects, or human subjects. Thus, the targét tissue
which is to be stimulated, is a region of living tissue in a subject or,
in other words, ip vivo target tissue. It is contemplated that excess
growth factor produced by the method of the gresent invention may be

harvested from animal subjects in the conventional manner.

For purposes of this invention, "growth factors" are defi:ued
as naturally occurring substances which are produced by a living cell
and which increase or stimulate cell growth or proliferation of that
celt and/or surrounding cells. Such growth factors generally include
such biological active molecules as insulin-like growth factor-II
(IGF-II), transforming growth factor B (IGFB), fibroblast growth factor

(FGF), and platelet derived growth factor (PDGF).

The area to be treated, in one embodiment injured, damaged,
or compromised area 10, may be on the body surface or within the bedy
(i,e., an internal injury). Particularly for animal subjects,
whole-body treatment wusing large coils is contemplated. In the
preferred embodiment, the injury may be either soft tissue injury
(including, for example, muscles, orgaus, and the like) or hard tissue
L_i.m:lutl:i.ng, for example, ligament, cartilage, and bone). Growth factor
stimulator 20 includes two treatment heads 30 and 32 which are
positioned on leg 22 in the region of the injuz_'ed area 10 in the opposed
faghion illustrated in Figure 1. As will be explained more fully, it is

important that treatment heads 30 and 32 be placed adjacent the target

tigsue such that the tissue is within the range of the magnetic flux

-10-
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generated by the treatment heads. Also, although it is preferred that
two treatment heads be employed in an opposed fashion as illustrated in
Figure 1, a single treatment head or a plurality of treatment heads

greater than two may be suitable in some applications.

Referring now to Figure 2 of the drawings, retaiufng straps
34 and 36 are seen by which growth factor stimulator 20 is preferably
secured into position on leg 22. Other securing means may be suitable
or desirable in a particular application. It may also be desirable to
provide growth factor stimulator 20 as a static;nary unit or the like as
an alternative to the mobile unit depicted in Figures 1-3. Straps or
belts 34 and 36 are attached to treatment heads 30 and 32 by any
convenient means, preferably in a manner which allows ‘the distance
between treatment heads 30 and 32 to be adjusted to obtain the
substantially opposed orientation shown in Figure 1. Hence., it is
preferred that straps 30 and 32 permit adjustment sufficient for growth
factor stimulator 20 to be used on limbs of various sizes. Treatment
heads 30 and 32 should be snugly but comfortably in position to prevent
substantial movement relative to the target tissue, illustrated here as
injured area 10. In conjunction with conventional plaster or plastic
casts, the growth factor stimulator 20 may be integrated directly into

the cast architecture or may be mounted on the extension of the cast.

Referring now to Figures 2 and 3, each treatment head 30, 32
includes a housing 38, 40 of a non-magnetic material such as plastic
which encloses a field coil 42, 44. In addition, it is preferred that
at least one treatment head enclose a magnetic field sensing device 46,
gsuch as a Hall-effect device, shown enclosed within housing 40 of
treatment head 30. Power source 48 is provided, preferably enclosed
within one of the treatment heads. Power source 48 may comprise a dry

cell battery or the like. It is preferred that two or more separate

-11-
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power sources be provided to minimize the number of circuit elemeunts

required. Housing 38 is also preferably provided wiéh means by which
battery 48 can be accessed such as a sliding panel or the like (uot
shown) to facilitate installation. It may also be suitable to mount
battery 48 on the outside of housing 38 or to: provide some other
external arrangement. While it is an advantage of the present ‘invention

to provide a growth factor stimulator which includes a self-contained

power source, and thus which is both lightweight and mobile, other power

sources such as an ac line source may be used in connection with an

ac/dc converter where mobility is not required. )

Field coils &4 and 42 are the preferred means by which an
applied magnetic field is generated in the present invention:. The
radius of each field coil 44 and 42, as well as the turns of winding,
nfay_ vary in accordance with the principles of the present invention.
Other electromagnets or possibly permanent magnets may be adapted for
use in the present invention. Field coils 44 and 42 are most preferred
since they provide a simple means for concentrating magnetic lines of
force. Also, since several components may be provided within a single

housing, shielding may be employved to prevent undesired interactions

between components.

In the most preferred arrangement, the geometry and relative
position of field coils 44 and 42 during treatment are such that field
coils 44 and 42 operate as Helmholtz coils. Those skilled in the art
will thus appreciate that in the most preferred arrangement, field coils
4k and 42 are substantially identical, field-aiding, parallel coaxial
coils separated by a distance equal to the radius of each coil.
Accordingly, the Helmholtz configuration produces an applied magnetic
field in a predetermined space between the coils. Referring to Figure

4, this predetermined space 68 is occupied by the target tissue, whereby

-12-
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the production of growth factor can be stimulated in accordance with the
present invention. This concept will be more fully V'explained herein.
Hence, predetermined space 68 is shown through which magnetic field
lines 52 extend parallel to predetermined axis 50. Accordingly,
magnetic field lines 52 pass through the ‘targe"t tissue, which is

illustrated here as injured area 10.

It will be appreciated that the target tissue will be
subject to local magnetic influences. As used herein, "local magnetic
field" shall be defined as the magnetic inlfluences, including the
earth's magnetic field or geomagnetic field, which create a 1local
;nagnetic flux that flows through tLhe target tissue. ‘'"Magnetic [lux
density"” shall be defined in the customary manner as the nunber of
magnetic field lines per unit area of a section perpendicular to the
direction of flu:.z. Factors contributing to the local magnetic field in

addition to the geomagnetic field may include localized regions of

) ferromagnetic materiale or the like. In one embodiment of the present

invention, field coils 42 and 44 are used to create an applied,
fluctuating magnetic field which when combined with the local magnetic
field parallel to predetermined axis 50 produces a resultant or combined
magnetic field having a precisely controlled, predetermined ratio of
magnetic flux density to frequency which stimulates the production of

growth factor.

Referring now to Figure 3 of the drawings, magnetic field
sensing device or magnetometer 46 is shown in housing 40 with the
appropriate leads 54, 56, 58, and 60, by which the field-sensing device
is electrically connected to power source 48 and, in one embodiment, to
microprocessing means 62. As will be appreciated by those skilled in
the art, the Helmholtz ‘configuration of field coils 42 and 44 provides a

substantially uniform or equal applied magnetic field in active volume

13~
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or predetermined space 68 between the coils. Hence, growth factor
stimulator 20 allows a substantially uniform applied magnetic field to
be applied to the target tissue in predetermined space 68. The
direction of the applied magnetic flux define; the direction of
predetermined axis 50. That is, the flux of the aéplied magnetic field
is always in the same direction as predetermined axis 50. In the
preferréd embodiment of the invention, this applied magnetic flux is
superimposed on the local magn;'atic flux in predetermined space 68. The

field lines of this local flux component are- shown by reference numeral

53.

Magnetometer 46 is positioned in growth factor stimulator 20
to measure the total or composite magnetic flux which passes through
predetermined space 68 parallel to predetermined axis 50. It will be
understood, then, that magnetometer 46 is provided to measure the
composite magnetic field along axis 50. The local field component
either augments or decreases the applied magnetic flux unless the local
field component is zero. The relatively low applied flux densities and
precise predetermined relationships of combined flux density and
frequency must be maintained during treatment, notwithstanding the
jnfluence of the local magnetic field. This is achieved in esgentially
two preferred manners which will be explained more fully herein. Thus,
magnetometer 46 is provided to determine the magnitude of the magnetic
flux density of the local magnetic field. Hence, in one embodiment of
the invention, predetermined space 68 is occupied by a region of living
tissue of & human or animal subject. Predetermined axis 50 which
projects through predetermined space 68 and thus through the target
tigsue is defined by the relative position of growth factor stimulator
20 with respect to the target tissue. Predetermined axis 50 is in the
same direction as the ;pplied magnetic flux generated by field coils 42

and 44 through predetermined space 68. During this procedure,

~14-
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magnetometer 46 measures the total magnetic flux density parallel to
predetermined axis 50 which passes through the tafget tissue. This
total or composite magnetic flux density is the sum of the applied
component and the local component. The local bomponent may at times be
in the same direction as the applied fl‘,ux‘and ét other times be in
directions other than the applied flux. At times the local component
may also be zero. These changes in the local component along the axis
are produced by changes in the direction of predetermined axis 50 as
growth factor stimulator 20 is repositioned. such as when an ambulatory
patient receiving treatment moves leg 22. ﬁus at first, the applied
flux generated by field coils 42 and 44 may be parallel to a north-south
axis, perhaps when the patient faces west. Since the direction of
predetermined axis 50 is defined by the direction of the applied flux,
in this position, predetermined axis 50 is therefore also in the
north-south diréction. Later the patient may turn to the north causing
a 90 degree rotation of field coils 42 and 44 such that the applied
magnetic flux is now parallel to an east-west axis. Accordiugly,
predetermined axis 50 is then also in the east-west direction. In most
cages, the local componept will be different in different directions;
hence the composite flux measured by magnetometer 46 along predetermined
axis 50 will change in response to changes in the position of growth

factor stimulator 20 with respect to the local magnetic field. The net

'average value of magnetic flux density is accordingly regulated to

adjust to the change in composite flux. Therefore, growth factor

stimulator 20 is preferably a mobile unit which is a significant

advantage.

The unexpected and superior results of the present invention
are achieved by creating a flu-ctuat:lng combined or composite magnetic
field having a magnetic flux density parallel to predetermined axis 50,

where the combined magnetic flux density along axis 50 is maintained at

-15-
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a predetermined relationship to the frequency of the fluctuations. In
this embodiment, the combined magnetic flux density parallel to

predetermined axis 50 has a nou-zero net average value. As illustrated

in Figure 5 of the drawings, the growth f_aétor-stimulatiug magnetic
field of the present invention can be thouéht of as a static field
having reference level A on vwhich a fluctuating magnetic field is
superimyosed. It comprises an ac component which varies in amplitude
but not direction and a dc reference around which the ac component
varies. Reference level A is the non-zero' average value of the flux

density B. Therefore, it will be understood t.hat the non-zero .average
or net average value of the composite magnetic flux density along
predetermined axis 50 is utilized since the magnitude B of the coumposite
flux density changes at a predetermined rate due to oscillartion or
fluctuation of the applied magnetic flux. Thus, an average yalue is
utilized which is a non-zero average value illustrated at point C. This
reflects that although the composite magnetic flux density along the
axis is oscillating at a controlled rate, the composite field is
regulated by the intensity of the applied field to ensure that the

composite field is always unipolar; that is, the composite field is

always in the same direction along predetermined axis 50.

As stated, it  has been- found that rather precise
relationships of the flux density of the combined magnetic field to the
frequency of the fluctuations are used in the present invention to
provide desired results. These ratios of frequency to composite flux

density are found in accordance with the following equation:

£. = (B/2r)(q/m)

where f. is the frequency of the combined magnetic field in Hertz, B is

the net average value of the magnetic flux density of the combined

~16-
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magnetic field parallel to predetermined axis 50 in Tesla, and g/m is
the charge to mass ratio of a preselected iomic speciés in Coulombs per
kilogram. Generally, q/m has a value of from about 5 x 103 to about 100
% 105 Coulombs per kilogram and B preferably.has a value not in excess
of about 5 x 1074 Tesla. To stimulate the pfoductiOn of growth factor,
the following frequencies and associated combined magnétic flux

densities are preferred: £, in the range of about 15 to 16 Hertz and B

c
in the range of about 1.9 x 1075 to 2.2 x 10~ Tesla. More preferably,
f. is about 15.3 Hertz and B is about 2 x 1075 Tesla. This value for B
corresponds approximately to a 200 milligauss dc and 400 milligauss ac

magnetic field.

While the exact mechanism by which grbwth factor
characteristics of the target tissue are affected by the present
invention is not fully understood, remarkable results are achieved by
tuning the combined field to resonant absorption frequencies of the

preselected ion.

Therefore, it will be readily understood by those sgkilled in
the art that tissue growth factor stimulator 20 includes in one aspect a
magnetic field generating means for providing an oscillating magueric
field parallel to a predetermined axis. Magnetic growth factor
stimulator 20 also preferably includes magnetic field sensing means by
which the magnetic flux density parallel to the predetermined axis is
measured. A micro-controlling means is also preferably provided in
growth factor stimulator 20 by which a predetermined relationship
between the magnetic flux density parallel to the predetermined axis and
the frequency of the magneti; field oscillation is created and
maintained as growth factor stimulator 20 changes orientation with
respect to the local imagnetic field. Growth factor stimulator 20 is

thus used to create, monitor, and adjust a magnetic field of

-17-
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predetermined parameters in predetermined volume 68. While this
predetermined relationship is preferably maintained be adjusting the
applied flux to compensate for changes in the local field component,

alternatively the frequency can be adjusted :to preserve the desired

ratio.

In use, living tissue is placed within predetermined volume
68 and is then subjected to a fluctuating magnetic field as described
for a duty cycle and period of time sufficieat to properly influence the
growth factor production of the target tissx.;e. This influence will
comprise the acceleration of growth factor production and/or the
supression of growth factor inhibitors. In this manner, the
proliferation and growth of tissue cells is increased. The length of
time necessary for successful treatment may vary, depending on‘ the
extent of injury. The increased level of growth factor at and near Lhe

injured area will, however, have continued beneficial effect after

removal of the magnetic field.

As stated, the values for q and m may be determined with
reference to a preselected ionic species. It will be known by those
skilled in the art that the biochemical milieu of living tissue
comprises a mixture of various ions in the intercellular and
interstitial fluid. These ions include calcium ions, potassium ions,
magnesium ions, sodium ions, chloride ions, phosphate ions, sulfate
jons, carbonate ions, bicarbonate ions and the like and various ions
formed by the dissociation of amino acids, proteins, sugars, nucleotides
and enzymes. Applicants have found that by utilizing the values of
charge and mass for a preselected ion in the equation set forth above,
which will be recognized by those skilled in the art as the cyclotron
resonance relationship ‘solved for f./B, ratios of frequency to magnetic

flux density can be determined which serve to increase growth factor
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production of living tissue in accordance with the present invention.
By using the charge-to-mass ratio of a preselected' ion, a specific
cyclotron resonance frequency for the ion can be determined. By then
tuning tissue growth factor stimulator 20 to maintain a combined
magnetic flux density having the proper cyclﬁtron'resonance freguency,
living tissue containing the preselected ion can be treated :to bring
about beneficial changes in growth factor production and growth
characteristics. The beneficial results of the present invention in
this embodiment appear to be achieved when the preselected ion absorbs
energy from the magnetic field of the prese‘nt invention having the
desired parameters. It is believed that this 1increase in energy
promotes the transmembrane movement of the preselected ion across Lhe
cell membrane of one or more cell types comprising the target tissue.
By enhancing the transmembrane movement of preselected ions associated
Qith natural growth factor production in this manner, production of
growth factor can be increased by the present invention. For increasing
the production of growth factor, it is preferred that the preselected

ion is Ca™ or Mg**; most preferably the preselected ion is Ca**.

It will be appreciated by the prior explanation of preferred
embodiments of the present invention and from tLhe equation f{ot
establishing a cyclotron resonance relationship, that either the
frequency of the fluctuating magnetic field or the magnitude or
intensity of the magnetic flux density along the predetermined axis, or
both the frequency and the intensity of the flux density, can be
adjusted to provide a magnetic field within volume 68 which has the
desired characteristics. However, as stated, it is preferred to
maintain a constant frequency which thus requires that the intensity of
the applied magnetic flux density be adjusted to compensate for changes
in the local magnetic field in order to maintain a constant ratio of

frequency to magnetic flux density. Changes in the local or ambient
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magnetic field (such as those caused by movement of the subject) which
would otherwise cause unwanted deviations in the combined magnetic flux
density must be corrected by increasing or decreasing the applied
magnetic flux density accor&ingly. This is most preferably performed by
the microcontroller in connection with both the fi"e].d generating means
and the field-sensing device. Alternatively, as stated, if changes in
the combined magnetic flux density along the axis will occur due to
changes in the oriemntation of growth factor stimulator 20 with respect
to the local magnetic field, the frequency of the oscillations can then
be changed so that the preferred ratio is maintained. Once again, it is
important to realize that the value of B is the average composite
magnetic flux density parallel to the predetermined axis since the
magnitude of the flux demsity changes as the field is oscillated. It be
understood that detection of changes in the magnetic field due to
changes in the ambient component should be at intervals frequent enough

to provide a frequency-to-magnetic field ratio which is substantially

constant, notwithstanding the changes in the local field component.

Referring now to Figure 2 of the drawings, field coils 42
and 44 preferably have up to about 3000 turns or loops of conducting
wire each, the diameter d of each loop being preferably up to about 300
centimeters. The number of turns of wire n, the diameter of the coils,
the separation of the coils, and the wire gauge are critical only
jnsofar as conventional practice requires constraints on these and other
design parameters to allow optimal performance characteristics in
achieving predetermined flux densities as required in the preferred
practice of the present invention. As stated, other magnetic field

generating means may be suitable for use in the present invention and

are contemplated as falling within the scope of this invention.
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It is also to be understood that the appLied magnetic field
which results in a combined magnetic flux density aiong predetermined
axis 50 may be produced by a sinusoidal signal or a full-wave rectified
signal applied to field coils 42 and 44. It_mﬁy also be appropriate in
some instances to reduce components of the>loca1-maguetic field which
are not parallel to predetermined axis 50 to zero through fhe use of
additional coils positioned at right angles to treatment heads 30 and 32
to create an opposite but :equal field, but this is not deemed
necessary. It may also be suitable to reﬁﬁceAthe local magnetic field

component to zero throughout treatment using additional coils or the

. like.

Referring now to Figure 6 of the drawings, a block diagram
is shown which depicts one suitable arrangement of the circuits of
grovth factor stimulator 20 in functional segments for carrying out the
present invention. Numerous other circuit arrangements may be possible
if the principles of the present invention are faithfully observed.
Microcontroller or microprocessor 100 is seen by which the composite
magnetic field is maintained at a constant predetermined level despite
changes in the ambient ‘component as previously described. In this
respect, input 102 is provided by which a set point value of the
predetermined composite magnetic flux density along a predetermined axis
through the target tissue is input into microprocessor 100. As will be
shown, the composite field strength is compared to this set point value
to generate an error equal to the difference in the set point value and

the measured value of the composite magnetic flux density along the axis.

Magnetic field sensor 104 is provided by which the magnitude
of the composite field which passes through the target tissue along the
axis is measured. It is preferred that magnetic field sensor 104

comprise a Hall-effect device which, as will be known by those skilled
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in the art, produces an analog signal. The magnetic field sensor 104
constantly monitors the composite magnetic field, sex;xding a signal to
microprocessor 100. It will be understood that the output of a
Hall-effect magnetic sensor is relatively small; thus, magnetic field

sensor amplifier 106 is provided by which ghe. signal from magnetic field

sensor 104 is amplified, for example, up to three thousand -times its

original value. Since a Hall-effect device produces an analog signal,
analog-to-digital converter 107 is provided by whick the amplified
signal from magnetic field sensor 104 is converted to a digital signal
which can be used by microprocessor 100. It is preferred that the

analog-to-digital converter be provided on-board the microprocessor chip.

As will be appreciated, the amplification of the magnetic
field sensor signal may produce an unwanted noise level. Also, sudden
chapges in the magnetic field intensity may occur which make it
difficult to determine the true average value of the composite magnetic
flux density. Hence, the signal from analog-to-digital convertor 106
which is input into microprocessor 100 is filtered by software filter
108 to remove shot noise and sudden fluctuations in the composite field
detected by magnetic fie]:d gensor 104. Although it is preferred that
filter 108 comprise software in microprocessor 100, a discrete filter
could be used. Accordingly, software filter 108 may be a digital
filter, preferably an integrator with a time constant of approximately
0.5 seconds. In other words, the changes in the magnitude of the
composite magnetic field which are compensated for by increasing or
decreasing the applied field are long-term changes of 0.5 seconds or
more which result primarily from changes in the orientation of magnetic
growth regulator 20 with respect to the ambient field component. lence,

the time constant of filter 108 would be such that momentary

fluctuations are filtered out.
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Microprocessor 100 includes 1logic which calculates the
non-zero net average value of the composite magnetic flux density. This
non-zero average value is then compared at comparator 110 in
microprocessor 100 to the predetermined dc réfergnce or ofiset wvalue
which is input into microprocessor 100 via input- 102. It should be
noted that this reference value is preferably established by dedicated
circuitfy in microprocessor 100, although variable input means could be
included by which the set péint value could be changed. An error
statement is then generated defining the ‘difference in the measured

value of the composite magnetic flux density and the set poinlL or

reference value. Microprocessor 100 then determines the magnitude of

the output necessary to drive magnetic field generating coils 112 o

bring the composite magnetic flux density back to the set point.

Software field modulator or oscillator 114 is provided by
which an ac or fluctuating component is superimposed on the digital
output signal which is input into digital-to-analog converter 116. From
the previous discusgion it will be understood that software field
modulator 114 of microprocessor 100 may be preset to a fixed,
predetermined frequency to produce the desired pr_edetermined, growth
factor-production ratio of frequency-to-magnetic flux demnsity vaiue.
Alternatively, the feedback system of the present invention is such that
changes in the composite magnetic flux densgity are measured, whereupon
microprocessor 100 determines the necessary change in frequency to
maintain the predetermined relationship. Accordingly, software field
modulator 114 could produce the requisite~ ac frequency. It is again
preferred that digital-to-analog converter 116 be provided on-board the
microprocessor chip. Hence, software field modulator 114 provides the

ac component at node 118.
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The signal from digital-to-analog converter 116 is fed to
voltage-to-current emplifier 120, the output of which drives magnetic
field generating coils 112 in the desired manner. Hence, the composite

fjeld is held substantially constent despite changes in the ambient

component.

While several arrangements of power sources are suitable, it
is preferred that power supply 122 be provided to power magnetic field
sensor amplifier 106, microprocessor 100 and magnetic field sensor 104,

the latter via bias circuitry 124. A separate power source 126 is

preferred for voltage to current amplifier "120.

It is also contemplated that the present invention will be

useful in systemic treatment of subjects having a growth factor

deficiency.

The following examples are provided to further describe and

illustrate the present invention and are not intended to limit the scope

of the appended claims.

EXAMPLE 1. Human osteosarcoma cells (TE-85 cell line) were
placed in tissue culture plates in Dulbecco's modified eagles medium
(DMEM). Some of these plates were subject to an os;:illating magnetic
field at a temperature of 37°C. The magnetic field consisted of a 200
milligauss dc component and a 400 milligauss ac component oscillating at
15.3 Hertz (sine wave). The magnetic flux density was 2.0 x 1070
Tesla. The magnetic field values correspond to the preselected values
associated with the Ca** species. Exposure to this oscillating magnetic
field continued for 30 minutes. The culture mediums were collected one
hour after the termination of the magnetic field exposure. Control
samples were treated in the same manner except for exposure to the
applied magnetic field.
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The collected culture mediums were then added o fresh
cultures of TE-85 cells. Cell growth was allowed to continue for 18
hours at a temperature of 37°C. After this giﬁe period, an equal amount
of 3H—thymidine was added to each cultt‘,u:e; 1Af£er three hours, the
culture medium was removed and washed once with phosphaté buffered

saline. The cell layer was extracted and the radioactivity was measured.

Cell growth or proliferation was equated with the cellular
incorporation of 3H—thymidine. Such growth should be approximately
proportional to the production of growth factor. T7The following results

were obtained:

Average
Radioactivity No. of
Lcounts per minute) samples
Control (basal) 7821 = 1220 6
Culture Medium Control 14263 = 897 6
(no magnetic field)
Culture Medium with 18023 = 1722 6

magnetic field

The basal control samples consisted of TE-85 cells withou. any added
cultural medium (whether exposed to an applied magnetic field or not).
Cell proliferation of the control (cultural medium) was increased 82
percent over that of the basal control. Cell proliferation of the
magnetic field exposed sample was increased 130 = 22 percent over the

basal control and 59 = 11 percent over the cultural medium control.

These results show that the production of growth factor and,
in turn, cell proliferation can be significantly increased by the
application of a magnetic field as described in the present

specification.
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EXAMPLE 2. Human bone TE-85 cells were gfovm in DMEM in the
same manner as in Example 1. These cells were exposed to a magnetic
field tuned to calcium (200 millgauss dc _and 400 millgauss ac at a
frequency of 15.3 Hertz) for thirty miﬁut'es' a 'day for three days.
Samples of the culture medium were collected 24 hours after each
exposuré and analyzed for IGF-II by radio-receptor assay. The control
was treated in the same manner except that it was not subjected to the

applied magnetic field. The following results, which are an average of

6 samples, were obtained.

__IGF-II (nanograms/ml) _

2% 3.58 4.26 +19
48 5.50 5.83 +6
72 6.27 9.55 +52

These results show that the production of the growth factor IGF-II can

be significantly increased by the application of a magnetic field as

described by this application.

While particular embodiments of the present invention are shown
and described herein, the invention is not to be so limited since many
modifications may be made, particularly by those skilled in the art, in
light of this disclosure. It is contemplated, therefore, by the

appended claims, to cover amy such modifications as fall within the true

spirit and scope of the invention.
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CLAIMS
What is claimed is:

A method for stimulating the production of growth factor in

living tissue, said method comprising the steps of:

(a) positioning a magnetic field generating means adjacent
the living tissue, where the living tissue is subject to an
ambient magnetic field flux;

(b) generating an applied magnefic flux with the magnetic
field generating means such that the applied magnetic field
flux extends through the 1living tissue along an axis and
combines with the ambient magnetic field to form a composite
magnetic flux; and

(¢) fluctuating the applied magnetic flux and controlling
the average value of the magnetic flux density of the
combined magnetic flux to create and maintain a relationship
between the frequency of the fluctuations and the average
value of the combined magnetic flux density, wherein the
average value of the combined magnetic flux density is a
non-zero average value, wherein the relationship stimulates
the production of growth factor in the living tissue, and
wherein the relationship between the frequency of the
fluctuations and the average value of the combined magnetic

flux density is a function of
f. = (B/2v)(q/m)

wherein f, is the frequency in Hertz, B is the non-zero
average value of the combined magnetic field flux density in
Tesla, and q/m is the charge to mass ratio cof an ionic
species in Coulombs/kilograms.
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2. A method as defined in claim 1, wherein the living tissue is

contained in a living organism.

3. A method as defined in claim 2, wherein the growth factor is

insulin-like growth factor-II, transforming growth factor B,-fibroblast

growth factor, and platelet derived growth factor.

4, A method as defined in claim 3, ‘wherein the ionic species is
ca*t.

5. A method as defined in claim 3, wherein the ionic species is
Mg++.

. 6. A method as defined in claim 1, wherein the growth factor is

insulin-like growth factor-II, the ionic species is ca*t, f. is about 15

to 16 Hertz, and B is about 1.9 x 10-5 to 2.2 x 10-5 Tesla.

7. A method as defined in claim 6, wherein f_ is about 15.3

Hertz, and B is about 2 x 10-5 Tesla

8. A method as defined in claim 6, wherein the stimulation of
the production of growth factor in the living tissue results in at least

a 50 percent increase in cell production in the living tissue.

9. A method as defined in claim 6, wherein the stimulation of
the production of growth factor in the living tissue results in at least

a 20 percent increase in the amount of insulin-like growth factor-II

produced.
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10. A method for stimulation of the production of growth factor
in tissue within a human subject in an ambient magﬁetic field, said
method comprising the steps of:

(a) Ggenerating an oscillating appiie¢ magnetic flux along
an axis through a region of the tissue io be stimulated in a
human subject with a pair of field coils, the field coils
being placed in opposed relation adjacent the tissue to be
stimulated such thét the oscillating applied magnetic flux
combining with the ambient magnetic, flux extends through the
tissue to be stimulated along the axis thereby forming an
oséillating composite magnetic field;

(b) periodically measuring the average value of the
magnetic flux density of the combined magnetic field
extending through the tissue to be stimulated along the axis
with a magnetic field sensor positioned adjacent the tissue
to be stimulated; and

(c) adjusting the ratio of the frequency of oscillation of
the oscillating composite magnetic field along the axis to
the average value of the magnetic flux density of the
composite magnetic field, wherein the average value of the
magnetic flux density of the composite magnetic field
extending through the tissue to be stimulated along the axis
is a non-zero value and wherein the ratio is a functiou of
the charge-to-mass ratio of an ion present in the tLissue to
be stimulated, whereby the composite magnetic field with its
adjusted ratio stimulates the pfoduction of growth factor in

the tissue.
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11. A method as defined in claim 10, wherein the ratio of the
frequency of oscillation of the oscillating composite magnetic field
along the axis to the average value of the magnetic flux density of the

composite magnetic field is expressed as £./B and is a function of
f£./8 = (1/27)(q/m)

wherein f, is the frequency in Hertz, B is the non-zero average value of
the combined magnetic field flux density in Tesla, and g/m is the charge

to mass ratio of the ionic species in Coulombs/l.cilograms.

12. A method as defined in claim 11, wherein the growth factor
is insulin-like growth factor-II, transforming growth factor B,

fibroblast growth factor, and platelet derived growth factor.

13. A method as defined in claim 12, wherein the iomic gpecies

is Ca*t.

14. A method as defined in claim 12, wherein the ionic species

is Mg*t.

15. A method as defined in claim 11, wherein the growth factor
is insulin-like growth factor-II, the ionic species is catt, fc is about

15 to 16 Hertz, and B is about 1.9 x 1073 to 2.2 x 1075 Tesla.

16. A method as defined in claim 15, wherein fc is about 15.3

Hertz, and B is about 2 x 1075 Tesla.
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17. A method as defined in claim 15, wherein the stimulation of
the production of growth factor in the tissue results in at least a 50

percent increase in cell production in the tissue.
18. A method as defined in claim 15, wherein the stimulation of

the production of growth factor in the tissue results in at least a 20

percent increase in the amount of insulin-like growth factor-II produced.
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