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ABSTRACT 

An apparatus and method for the treatment of chronic Wounds 
using electromagnetic energy. The apparatus includes a gen 
erator and at least one applicator. The generator can produce 
electromagnetic energy and the applicator can apply the elec 
tromagnetic energy produced by the generator. A detector is 
disposed on the applicator that can measure the ?eld strength 
of the electromagnetic energy applied. 
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PULSED ELECTROMAGNETIC ENERGY 
TREATMENT APPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of Us. patent 
application Ser. No. 11/344,455, ?led Jan. 30, 2006, Which is 
a continuation application of Us. patent application Ser. No. 
09/994,598, ?led on Nov. 20, 2001, Which is a continuation 
application of Us. patent application Ser. No. 09/231,790, 
?led on Jan. 15, 1999, issued as U.S. Pat. No. 6,334,069, 
Which claims priority of an earlier ?led provisional applica 
tion U.S. Ser. No. 60/071,396, ?led on Jan. 15, 1998, the 
entire content of Which are incorporated herein by reference, 
in their entirety. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates to electromechanical devices 
and methods for therapeutically treating human body tissue, 
and more particularly to a device for and a method of stimu 
lating cell proliferation and related molecular events using 
high frequency pulsed electromagnetic energy. 

BACKGROUND OF THE INVENTION 

[0003] The present invention is an important advancement 
in the ?elds of endogenous pharrnacotherapeutics, electro 
magnetic medicine, Wound physiology and treatment, and 
regulation of the cell cycle, and has speci?c application in the 
area of Wound healing, and in particular, the healing of 
chronic Wounds, such as pressure ulcers, diabetic ulcers and 
venous stasis ulcers. Prior to discussing the present invention 
in detail, it is helpful to understand the speci?c mechanisms 
of Wound healing, the immediate need for Wound healing 
therapies, and the current state of the art. 
[0004] While the speci?c mechanisms of action have not 
been fully determined, research over the past several years 
has substantially increased understanding of the nature of 
Wound healing and the elegant cascade of signaling events 
necessary for the initiation of cell groWth and migration and 
tissue regeneration, Which collectively constitute the Wound 
healing process. Importantly, numerous biochemical media 
tors of cell migration patterns and cell-cell/cell-extracellular 
matrix interactions involved in the reformation of tissue/or 
gan systems have been identi?ed. 
[0005] There are distinct phases associated With the process 
of Wound healing. In the in?ammatory phase, platelets aggre 
gate to deposit granules, Which promote ?brin deposition, and 
stimulate the release of groWth factors. Leukocytes migrate to 
the Wound site and begin to digest and transport debris aWay 
from the Wound. It is also during the in?ammatory phase that 
monocytes are converted to macrophages, Which release 
groWth factors for stimulating angiogenesis and the produc 
tion of ?broblasts. Next, in the proliferative phase, granula 
tion tissue forms and epithelialiZation begins. Fibroblasts, 
key cell types in this phase, proliferate and synthesiZe col 
lagen to ?ll the Wound and provide a strong matrix on Which 
epithelial cells groW. As collagen is produced by ?broblasts, 
vasculariZation extends from nearby vessels to supply nutri 
ents to the regenerating tissue. The red loops of blood vessels 
give the Wound a granular appearance, thus the term granu 
lating. EpithelialiZation involves the migration of epithelial 
cells from the Wound surfaces to seal the Wound. Epithelial 
cells are driven by the need to contact cells of like type and are 
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guided by a network of ?brin strands Which function as a grid 
over Which these cells migrate. Contractile cells called myo 
?broblasts appear in Wounds and aid in Wound closure. These 
cells exhibit collagen synthesis and contractility, and are 
common in granulating Wounds. In the ?nal phase of Wound 
healing, the differentiation or tissue remodeling phase, col 
lagen in the scar undergoes repeated degradation and resyn 
thesis. It is during this phase that the tensile strength of the 
neWly formed skin increases. 
[0006] Clearly, groWth factors are important messengers in 
coordinating this complex orchestration of cellular events. 
Today, groWth factors refer to an expanding class of mol 
ecules, sometimes With speci?city for certain types of cells, 
that can have either pro-proliferative or anti-proliferative/ 
differentiation effects, depending upon the speci?c circum 
stances. Their immediate molecular targets are speci?c mem 
bers in the superfamily of receptor tyrosine kinases. 
Relatively little is knoWn about the regulation of groWth fac 
tor activity, but spatial and temporal gradients of groWth 
factor and receptor expression are evident, and expression of 
a given groWth factor or its receptors can be induced by other 
groWth factors, suggesting that sequences of groWth factor 
mediated messages netWorked across cell types and inte 
grated With other signaling cascades are central to tissue/ 
organ development, maintenance and healing processes. 
[0007] Thus, the recent realiZation that groWth factors can 
serve as paracrine, autocrine, juxtacrine and intracrine (Which 
refers to actions of groWth factors Within a cell) signals to 
regulate proliferation, migration, and interaction of cells criti 
cal to Wound healing is important to understanding and devel 
oping Wound treatments. For example, central to tissue/ organ 
repair and remodeling is the critical revasculariZation of dam 
aged tissue. Vascular endothelial groWth factor (VEGF) is a 
recently discovered agent that promotes proliferation and 
migration of endothelial cells. Stimulating the expression of 
VEGF receptors in endothelial cell precursors alloWs those 
cells to respond to VEGF secreted from other cells or to 
VEGF acting via autocrine/intracrine mechanisms. Stimulat 
ing the release of VEGF from ?broblasts and/or other cell 
types (or stimulating VEGF production in endothelial cells) 
promotes mitotic and/or migratory activity of endothelial 
cells. Also critical to tissue repair is establishment of the 
extracellular scaffold to support cell migration and/ or prolif 
eration. Stimulating the release of agents such as ?broblast 
groWth factors (FGF) from any of a number of cell types 
promotes proliferation and migration of ?broblasts, Which 
are involved in production of extracellular matrix materials 
such as collagen. Moreover, stimulating FGF receptor pro 
duction in ?broblasts capable of recognizing paracrine, auto 
crine, or intracrine FGF also plays a role in stimulating ?bro 
blast activity and the production of extracellular matrix. 
Other agents implicated in tissue repair include insulin-like, 
platelet, transforming, and epidermal groWth factors. Those 
molecules and their receptors are the likely molecular sub 
strates for tissue repair. Endothelial cells, ?broblasts and 
keratinocytes, among others, are the cell types Who se activity 
is critical to tissue repair and represent the likely cellular 
targets for these groWth factors and related molecules asso 
ciated With the healing of pressure sores. 

[0008] It is also Well knoWn that regulatory signals nor 
mally found in the repair of acute Wounds are not present in 
chronic Wounds such as pressure ulcers and venous stasis 
ulcers. For example, chronic Wounds frequently have poorly 
vasculariZed, thick ?brotic scar tissue surrounding the Wound 
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bed, are characterized by keratinocytes incapable of prolif 
eration and migration, and have feW active ?broblasts. These 
occurrences are clearly indicative of defects in growth factor 
signaling. 
[0009] With the understanding that defects in groWth factor 
signaling contribute to the development and/or persistence of 
chronic Wounds, it is logical to conclude that reinstitution or 
normalization of that signaling Would promote Wound heal 
ing. GroWth factors have been considered candidate therapeu 
tics for Wound healing because they are synthesized by and 
stimulate cells required for tissue repair, they are de?cient in 
chronic Wounds, and there is some evidence that pharmaco 
logical application enhances Wound repair in a variety of 
animal models of dermal incisional and excisional repair. 

[0010] HoWever, clinical studies have been disappointing 
and some experts have suggested that an alternative to single 
groWth factors as therapeutic agents is the utiliZation of 
groWth factors in combination to elicit synergistic clinical 
el?cacy. This lack of therapeutic e?icacy may be in part 
because Wound healing is a complex programmed sequence 
of cellular and molecular events, including macrophage acti 
vation during in?ammation, cell migration, angiogenesis, 
provisional matrix synthesis, synthesis of collagen by ?bro 
blasts, and reepithelialiZation. Current pharmaceutical 
approaches do not fully mimic the necessary spatial and tem 
poral patterns of groWth factor activity needed to promote 
Wound healing. Overall, the complexity and variability of 
clinical Wounds have limited pharmacological approaches to 
accelerate Wound healing, leaving dressings and nonpharma 
cological ancillary modalities to dominate the market associ 
ated With Wound management. 
[0011] A treatment regimen involving application of out 
side or exogenous groWth factors and other medicinal agents 
to the Wound site is but one approach that has been pursued in 
the treatment of Wound healing. Various medical treatment 
devices utiliZing physical energy emissions to stimulate 
Wound healing have also been developed over the past 40-50 
years. Most of these devices involve the use of applied elec 
trical currents to stimulate groWth in bone or soft tissue. 
Another major group of devices utiliZes the passage of elec 
trical currents through coils of Wire to create magnetic ?elds 
Which are applied either by placing the coil in proximity to the 
human body or by Wrapping the coils around the body or limb. 
Finally, a number of devices have been developed Which 
utiliZe an antenna or tank circuit to apply Radio Frequency 
(RF) electromagnetic energy to the body for the purposes of 
medical treatment. Most devices in this latter category utiliZe 
continuous energy output to create thermal energy Within the 
tissue. HoWever, a subcategory of these devices utiliZe pulsed 
electromagnetic energy output to theoretically stimulate tis 
sue Without inducing a thermal response, although this has 
neverbeen completely proven to occurusing existing devices. 
There have been observations that some of these devices 
appear to stimulate or accelerate the Wound healing process 
but there has been no sound, scienti?c data offered to explain 
hoW such devices might Work at the cellular or molecular 
levels. 

[0012] One area in Which health care professionals and 
insurance providers are demanding improved treatment 
regimes is in the treatment of chronic Wounds. In the United 
States, Where Wound care constitutes less than 1% of aggre 
gate health care dollars, treating and managing pressure 
ulcers requires an inordinate amount of material, human 

Jan. 20, 2011 

resources, time and money. The costs associated With man 
aging just one type of chronic Wound alone, pressure ulcers, 
are extraordinary. 

[0013] To enhance quality and decrease the cost of health 
care, the Agency for Health Care Policy and Research (AH 
CPR) Was established by the US. government in 1989. That 
agency published Clinical Practice Guidelines for both pre 
vention and treatment of pressure ulcers in 1992 and 1994, 
respectively. The release of these guidelines substantially 
increased biomedical aWareness of patients With pressure 
ulcers, including the elderly and those afflicted with various 
spinal and neurological disorders. lmportantly, the Health 
Care Financing Administration (HCFA) utiliZes these guide 
lines to create medical policy and reimbursement criteria. 
Electrotherapeutic modalities are the only type of adjunctive 
therapy recommended in the AHCPR Clinical Practice 
Guideline and supported by the Nation Pressure Ulcer Advi 
sory Panel. 
[0014] Electrotherapy includes various means for applying 
an electric or electromagnetic ?eld to a Wound area to facili 

tate groWth and proliferation of neW tissue, i.e., healing. 
Application of external electrical and electromagnetic ?elds 
is noW an increasingly standard therapy for the treatment of 
nonunion bone fractures, but these devices have seen limited 
use in other areas of healing. 

[0015] Clinical research has shoWn that treatment With 
electrical stimulation or electromagnetic ?elds can enhance 
the healing rate of pressure ulcers unresponsive to conven 
tional therapy. For example, pulsed electrical stimulation has 
been shoWn to enhance the healing rate of decubitus ulcers. 
This therapeutic approach stems from observations for nearly 
60 years that electric potentials over Wounds are negative 
until healed, and the related hypothesis that living tissues 
possess direct current surface potentials that regulate the pro 
liferative phase of healing and that healing can be induced by 
negative electrical potential. Unfortunately, this has led to 
unsubstantiated claims that electrical stimulation cures a 
Wide variety of health problems, thereby alienating the medi 
cal profession. Though this idea is noW archaic and simplistic 
in vieW of scienti?c studies of the cellular correlates of Wound 
healing, the evidence suggests that electrical ?elds accelerate 
Wound healing. While feW Well designed experiments con 
cerning cellular mechanisms have been conducted, some 
published reports indicate that electrical stimulation activates 
macrophages and increases cell proliferation, collagen syn 
thesis and the expression of ?broblast receptors for trans 
forming groWth factor-beta. 
[0016] Treatment devices emitting magnetic and/or elec 
tromagnetic energy offer signi?cant advantages over other 
types of electrical stimulators because magnetic and electro 
magnetic energy can be applied externally through clothing 
and Wound dressings, thereby rendering such treatments 
completely non-invasive. Moreover, published reports of 
double blind placebo-controlled clinical trials utiliZing a RF 
transmission device (Diapulse) suggest that this ancillary 
treatment device signi?cantly reduces Wound healing time 
for chronic pressure ulcers as Well as for surgical Wounds. 
Studies using Dermagen, a magnetic device manufactured in 
Europe Which produces a loW frequency magnetic ?eld, have 
demonstrated signi?cant augmentation of healing of venous 
stasis ulcers. Additionally, it has been shoWn that 50% feWer 
patients treated With electromagnetic energy develop reoc 
curring pressure ulcers, compared to control patients, sug 
gesting that electromagnetic energy treatments impart some 
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resistance to the reoccurrence of chronic Wounds, such as 
pressure ulcers. Electromagnetic energy may also be useful as 
a preventative strategy. Perhaps most important from a prac 
tical clinical perspective, an actuarial analysis of the effects of 
electromagnetic energy on the treatment of pressure ulcers 
shoW that this treatment, by reducing healing time by an 
average of 50%, results in signi?cant reductions in the costs 
associated With Wound management. 
[0017] One category of prior art magnetic/electromagnetic 
treatment devices utiliZes the passage of electrical currents 
through coils of Wire to create magnetic ?elds. The frequency 
of the electrical impulses is relatively loW, typically in the loW 
frequency or audio range. Other devices, Which utiliZe elec 
trical stimulation betWeen electrodes, represent a substan 
tially different approach to medical treatment from the 
present invention for the primary reason that such an 
approach is invasive and more dif?cult to use and involves the 
attachment of electrodes at or near the Wound site. 

[0018] Another category of prior art electromagnetic treat 
ment apparatus includes high frequency, high poWer devices 
utiliZing pulsed electromagnetic energy output to stimulate 
tissue Without inducing a thermal response. This category of 
devices is represented by the inventions disclosed in the fol 
loWing U.S. Pat. Nos.: MilinoWski, 3,043,310 and 3,181,535; 
Kendall 3,543,762; Pearo 3,670,737; and most recently 
Rauch et. al., 5,584,863. Those earlier inventions ?rst 
described and de?ned the principle and operation of pulsed, 
high frequency energy output devices and/or systems. 
[0019] While numerous high frequency devices using 
pulsed electromagnetic energy to stimulate tissue groWth 
have been developed, none have effectively addressed the 
needs of patients and health care providers. A recent attempt, 
as described in Us. Pat. No. 5,584,863, is a pulsed radio 
frequency electrotherapeutic system having a pulse generator 
and an athermapeutic applicator head. The generator includes 
a poWer supply electrically connected to a remote current 
source by a cord, an exciter for generating pulsed signals of a 
selectable megahertz frequency, and an ampli?er for ampli 
fying the pulsed signals. A system controller having manually 
operable dials is provided for controlling pulse Width dura 
tion, pulse burst repetition rate and poWer amplitude of the 
pulsed signals generated by the exciter. The amplitude of the 
signals outputted from the ampli?er are compared With a 
reference value using a standing Wave ratio (SWR) detector 
circuit, Which in turn outputs poWer and impedance compen 
sated signals to the applicator and produces a ratio signal that 
is delivered to the controller for adjusting the amplitude and 
phase of the signals generated by the exciter. The applicator, 
Which includes a pair of spaced capacitor plates, a magnetic 
coil Wound in a plane parallel to and electrically connected to 
the plates, and an RF shield, induces the received compen 
sated signals into the tissue to be treated. Reactance and 
poWer level of the output of the applicator are manually 
controlled using an external tuning means connected to one of 
the capacitors. The device disclosed in Us. Pat. No. 5,584, 
863 has high poWer requirements, requires numerous manual 
adjustments for effective operation, incorporates only a 
single applicator, fails to ensure constant, knoWn and repli 
cable treatment dosage outputs, and provides no con?rmation 
that the applicator is properly located during treatment. 
[0020] While the various and several prior art inventions, as 
described in the above referenced patents, produce electrical, 
magnetic or electromagnetic ?elds for treatment of tissue, 
virtually none of the prior art describes any credible cellular 
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or physiological or molecular processes by Which such 
energy ?elds speci?cally alter, induce or otherWise make 
happen an increase in cell groWth, proliferation or density. 
[0021] Additionally, none of the previous high frequency, 
high poWer devices utiliZing pulsed electromagnetic energy 
output adequately addresses such practical design concerns 
as ease of use, simultaneous treatment of multiple Wound 
sites on the same patient, dosage measurement, monitored 
dosage control and/or dosage compliance. 
[0022] It Would be desirable therefore to provide a method 
of and an apparatus for treating Wounds With high frequency 
pulsed electromagnetic energy that is easy to implement, 
requiring minimal training in its proper and effective use, 
assures a constant, knoWn and replicable dosage output, pro 
vides for simultaneous treatment of multiple Wound sites, has 
loW poWer requirements and is cost effective. 
[0023] Citation of the above documents, devices and stud 
ies is not intended as an admission that any of the foregoing is 
pertinent prior art. All statements as to the date or represen 
tation as to the contents of these documents is based on the 
information available to the applicants and does not constitute 
any admission as to the correctness of the dates or contents of 
these documents. Further, all documents referred to through 
out this application are incorporated in their entirety by ref 
erence herein. 

SUMMARY OF THE INVENTION 

[0024] In vieW of the foregoing limitations and shortcom 
ings of the prior art, as Well as other disadvantages not spe 
ci?cally mentioned above, it should be apparent that there 
still exists a need in the art for improved electromagnetic 
energy treatment apparatus and methods. It is therefore a 
primary object of the present invention to ful?ll that need by 
providing a method of and apparatus for the treatment of 
chronic Wounds using pulsed electromagnetic energy that is 
cost effective, easy to implement, and ensures proper treat 
ment dosage delivery Without the need for manual adjustment 
of poWer, pulse rate duration, pulse Width duration, treatment 
time or reactance by the treatment provider. 
[0025] More particularly, it is an object of this invention to 
provide an electromagnetic energy treatment apparatus With 
the ability to produce a constant, knoWn and replicable treat 
ment dosage output that is not adversely affected (i.e., does 
not negate consistent dosage or e?icacy) by the proximity of 
the body of the patient (e.g., capacitance, inductance). 
[0026] It is yet another object of this invention to provide an 
electromagnetic energy treatment apparatus Wherein one or 
more Wound sites may be simultaneously treated With differ 
ent treatment dosages. 
[0027] It is still another object of this invention to provide 
an electromagnetic energy treatment apparatus Wherein the 
applicator is easily and accurately positioned directly on or 
adjacent to the Wound site regardless of Where the site is 
located on the patient. 
[0028] Still another object of this invention is to provide an 
electromagnetic energy treatment apparatus Wherein the 
applicator includes printed coils formed on one or more 
printed circuit boards, With the primary coil and secondary 
coil forming a matching netWork for effecting a highly e?i 
cient RF output. In other Words, the applicator includes 
closely matched and tuned primary/ secondary circuits, Which 
greatly enhances ef?ciency by alloWing the use of reduced 
poWer levels. 
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[0029] It is a yet further object of this invention to provide 
an electromagnetic energy treatment apparatus having the 
ability to affect living tissue by providing an accurate treat 
ment dosage of 1 to 300 mW/cm2 With very loW input poWer 
requirements (i.e., an average poWer requirement in the range 
of less than three Watts, and preferably less than about one 

Watt). 
[0030] It is a still further object of this invention to provide 
an electromagnetic energy treatment apparatus Wherein treat 
ment dosages are automatically monitored for safety by mul 
tiple sensing or detecting circuits and controlled by a ?eld 
strength sensor. 

[0031] It is a yet further object of this invention to provide 
an electromagnetic energy treatment apparatus that is small, 
portable, easy to use and safe to operate, With the apparatus 
automatically maintaining the appropriate treatment dosage 
and shutting doWn When certain conditions are present. 

[0032] Brie?y described, the present invention is an 
improved method of and apparatus for generating and admin 
istering treatment dosages of pulsed electromagnetic energy 
for Wound healing applications. Speci?cally, the present 
invention generates and applies constant, knoWn and repli 
cable treatment dosages of electromagnetic energy of de?ned 
speci?cations to the human body for the purposes of inducing 
cell proliferation. In its preferred form, the present invention 
includes a pulsed electromagnetic energy generator, control 
means, including a poWer level controller responsive to sig 
nals from multiple sensing and control circuits, and one or 
more interchangeable treatment pad applicators. The genera 
tor, Which can be battery-operated, is a loW poWer, compact 
unit Whose output is controlled by the multiple sensing and 
control circuits via the poWer level controller. The control 
circuits include integral sensing circuits for ensuring speci 
?ed treatment dosage and the safety and effectiveness of the 
apparatus as a medical instrument, and one or more detectors 
located in or on each applicator for sensing energy output at 
the site of application and monitoring, With precision, the 
treatment do sage. Other circuits are included for disabling the 
apparatus When certain conditions, such as insuf?cient poWer, 
exist. 

[0033] The generator of the present invention has multiple 
treatment ports to Which one or more applicators are attached 
via cables to provide for the simultaneous treatment of one or 
more Wound sites on the same patient. Preferably, the appa 
ratus alloWs the applicators to operate independently and 
simultaneously at different treatment dosage levels. The 
applicators are treatment pads of various siZes comprising 
tuned tank circuits and a ?eld strength sensor to alloW for 
automatic control of the output speci?cations of the appara 
tus. Each applicator also has detectors for sensing proximity 
to the patient during the course of treatment and informing the 
patient if the applicator inadvertently moves from its intended 
treatment position. 
[0034] The present invention has numerous advantages not 
found in existing electromagnetic energy treatment appara 
tus. First, the generator of the present invention is operation 
ally e?icient and has loW poWer requirements, on the range of 
less than three Watts of average poWer (preferably less than 
one Watt). This alloWs the unit to be battery operated and 
greatly reduced in siZe, thereby rendering the apparatus por 
table and easy to use, as the small siZe facilitates transport and 
placement of the unit, With minimal disruption, in the 
patient’s treatment area during use. 
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[0035] Another advantage of the present invention relates 
to its integration of multiple sensor and control circuits 
Which, for the ?rst time, ensures precise treatment dosage and 
provides con?rmation that the applicator remains on the 
Wound site during the entire course of treatment. In addition, 
these sensor and control circuits alloW for unattended opera 
tion of the device during treatment, providing for a highly 
simpli?ed means of treatment. The multiple monitoring and 
control circuits are separate and distinct, and include a ?xed 
period treatment timer, forWard and re?ected poWer monitor 
circuits (one for each treatment port provided by the genera 
tor), an electromagnetic energy signal strength detector and 
controller circuit, and a treatment pad to patient proximity 
detector. Together, those control means guarantee that the 
correct treatment dosage reaches the patient. 
[0036] Another advantage of the present invention not 
found in existing electromagnetic treatment devices is the 
multiple port generator for alloWing the simultaneous use of 
multiple applicators. When using existing electromagnetic 
treatment devices, caregivers are limited to the treatment of 
just one Wound site per each time interval of unit use. Because 
many pressure sore patients have tWo or more Wounds, the 
present invention greatly reduces treatment time and expense 
since multiple Wounds can be treated at once. Preferably, each 
treatment applicator is selected to operate simultaneously at a 
different treatment dosage level to accommodate multiple 
Wound sites. 

[0037] Each treatment applicator of the present invention 
also includes novel elements Which overcome several major 
de?ciencies in previous designs. Existing applicators are 
typically large volume, rigid extensions of the poWer sources. 
The applicator of the present invention is substantially 
reduced in siZe, bulk and poWer requirements. This is pos 
sible, in part, due to the utiliZation of loW poWer and the 
increased operational e?iciency of the generator and applica 
tor itself. Preferably, each applicator is thin, ?exible and 
constructed in any of a Wide variety of shapes and siZes to 
accommodate various Wound sites. In one embodiment, the 
treatment pad is con?gured as a rectangle With dimensions of 
approximately 10 inches by 5 inches and a nominal thickness 
of less than 1/2 inch. Each applicator is a ?exible pad compris 
ing one or more etched copper printed circuits laminated 
betWeen insulating sheets of ?exible material having high 
dielectric properties. The tWo circuits operate as an imped 
ance matching transformer. Sensing units, including an elec 
tromagnetic signal strength detector and an applicator-to 
patient proximity detector, are incorporated in each 
applicator and are in communication With the poWer level 
controller to provide for direct monitoring of the electromag 
netic energy ?eld and precise control of the treatment dosage. 
By modifying the topology of the etched printed circuit 
inductor portion of the LC circuit and then correspondingly 
adjusting the capacitance value of the capacitor to retune the 
LC circuit to resonance, the applicator can be constructed in 
a variety of shapes and siZes to best match the Wound siZe and 
area on the patient. Moreover, the tank circuit in the applicator 
is pre-tuned, thereby eliminating the need to manually tune 
the circuit as it comes into close proximity With the human 
body or other objects. Given its nominal thickness and 
increased ?exibility, the applicator can be placed over, under 
or around a bandaged Wound site. 

[0038] Other novel and unique features of the applicator 
include the folloWing. Existing electromagnetic energy 
devices do not include mechanisms for delivering precise and 
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replicable treatment dosages to the patient. Although previ 
ous designs may have speci?ed that the applicator be tuned to 
resonance or may have included a mechanism for matching 
the generator and the applicator in order to minimiZe SWR, 
there has been no Way to ensure that accurate treatment dos 

age Was being delivered through the coils located in the appli 
cator and beyond, to the surface of the patient’s Wound site. In 
the present invention, a signal detector, such as a germanium 
diode signal detector, is included as part of the applicator for 
measuring the energy emission from the applicator and sup 
plying a feedback signal to the RF ampli?er for controlling 
energy output. The actual electromagnetic energy ?eld, or 
treatment dosage, that is transmitted from each applicator is 
measured directly by embedding the RF signal strength 
detector inside of the applicator. The signal level from the 
detector is sent to the poWer level controller, Where it is used 
as a feedback-control signal to control the output of the RF 
ampli?er of the generator. This direct approach to measuring 
the actual radiated electromagnetic energy ?eld is a much 
more precise Way to measure the treatment dosage, rather 
than by indirectly measuring the SWR of the transmitted RF 
signal. If, at any time, the detector measures a radiated energy 
output level above or beloW preset levels, an indicator, such as 
a “service required” lamp or alarm, audibly, visually or oth 
erWise informs the health care provider and patient of the 
occurrence and the poWer level controller sWitches off the RF 
ampli?er. The forWard and re?ected poWer measuring cir 
cuits are used to turn the unit off only if either circuit exceeds 
preset limits. In this manner, the present invention monitors 
energy emissions from each applicator and ensures that the 
treatment do sage delivered through each applicator is precise. 
[0039] The applicator of the present invention is thin and 
need not be suspended on a mechanical arm, as required by 
some existing applicators. Because of the unique con?gura 
tion of the present invention, a correct treatment dosage is 
easily and effectively delivered to the patient. 
[0040] The present invention further includes a method of 
effectively treating chronic Wounds such as pressure ulcers 
involving the precise induction of speci?c biochemical events 
associated With cell proliferation. In accordance With the 
present invention, an electromagnetic ?eld of speci?ed 
strength and duration is used to stimulate cellular groWth and 
proliferation, membrane ionic ?ux, groWth factor expression, 
release and functional enhancement, and reductions in cell 
doubling time. Electromagnetic energy ?elds are utiliZed to 
stimulate and accelerate cell groWth and proliferation upon 
certain types of cells knoWn to be critical to the Wound healing 
process, including ?broblasts and epithelial cells. Electro 
magnetic stimuli induce cell proliferation by reducing the G0 
and/ or G1 phases of the cell cycle, by stimulating the genetic 
expression, release and functional enhancement of groWth 
factors, and by inducing the ?ux of ions across cellular mem 
branes. Therefore, the present invention acts as a mitogen 
and/ or a positive modi?er of cellular mitogenic activity. This 
mitogenic effect results in groWth factor stimulation, expres 
sion and release, both intra-and extracellularly. A key com 
ponent of the present method is the speci?c enhanced actions 
of ?broblast groWth factors. 
[0041] It is important to note that the present method, Which 
utiliZes electromagnetic energy as a stimulus for inducing cell 
proliferation through mechanisms regulating decreases in 
cell cycle time, is independent of the particular source of the 
energy emission or the design of the energy source. The term 
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electromagnetic energy includes effects from its magnetic 
energy and/ or electrical energy components. 

[0042] The present method utiliZes electromagnetic energy 
as a mitogenic stimulus to reduce cell cycle time through the 
expression, synthesis and enhanced activity of groWth fac 
tors, thereby increasing the overall rate of groWth and prolif 
eration in various biological cell types, including those found 
in epithelial, muscle, connective and neuronal tissues. Energy 
Waves Which are primarily de?ned as Radio Wave frequencies 
are used to induce biological cell proliferation in vitro under 
laboratory conditions and in vivo under clinical conditions in 
intact living organisms. In the electromagnetic spectrum, 
those frequencies range from 1000 Hertz to 1000 MegahertZ, 
and therefore also include a portion of the audio frequencies 
(at the loWer end) and range through ultra high frequencies 
(UHF). The present method delivers an electromagnetic treat 
ment energy of 1 to 300 milliWatts per cm2 to living tissues (in 
vivo or in vitro). Because it is a speci?c cellular mitogen, the 
present method reduces cell cycle time through the induction 
of speci?c cellular mechanisms Which reduce the duration of 
the separate and/or combined G0 and G1 phases of the cell 
cycle. Speci?c mitogenic physical energy signals are pro 
vided that induce cell groWth and proliferation in part through 
the induction of ion ?ux across cellular membranes and sub 
sequent cellular signaling events, including the expression, 
synthesis and enhanced activity groWth factors, especially 
?broblast groWth factors. An electromagnetic energy stimu 
lus is utiliZed to activate intracellular and intercellular mecha 
nisms associated With the genetic expression, synthesis and 
release of biological molecules necessary to regulate cell 
cycle time. 
[0043] Because the present method is based upon discov 
eries pertaining to the effects of speci?c doses of electromag 
netic energy on in vivo and in vitro cells and tissues, the 
present method offers the signi?cant advantage of ?xed 
poWer output, pulse rate and pulse Width to speci?cally 
increase cell groWth and proliferation in distinct cell types 
found in soft tissue, connective tissue, and neuronal cells. 
Treatments applied using the present method are character 
iZed by speci?c optimal dosages of pulsed electromagnetic 
energy to induce cell proliferation of speci?c cell types. The 
present method alloWs utiliZation of a ?xed pulse rate, a ?xed 
pulse Width and a ?xed energy ?eld strength to de?ne and 
produce the optimal energy speci?cations to be used to stimu 
late speci?c cell types related to speci?c medical indications 
or speci?c treatment regimens. It also provides for the cre 
ation and application of speci?c dosages and treatment regi 
mens Which are required for speci?c medical indications. 
Further, the present method can also be implemented to treat 
Wounds other than ulcers, including burns, physical rehabili 
tation, and neuronal injury. 
[0044] The present invention has immediate commercial 
market potential in the treatment of chronic Wounds. Beyond 
that immediate market, the present invention may also be 
utiliZed in other treatment areas Where increasing the rate of 
groWth and proliferation of human or other living cells is 
essential, including the treatment of burns and surgically 
implanted skin or soft tissue grafts, rehabilitation medicine, 
post surgical repair, and neuronal/brain/spinal injury repair 
and regeneration. In addition to the medical treatment of soft 
tissue, the present method has applications in the ?eld of 
laboratory growth/manufacturing of skin grafts to be sold and 
used in various surgical settings, veterinary medicine and 
related ?elds. 
















