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(57) ABSTRACT 
Devices and methods for contactless skin treatment use 
feedback power control for non-invasive treatment of skin 
and human tissue. Electromagnetic energy heats skin or 
tissue. A feedback system measures an output physical 
quantity before the output of electromagnetic waves from 
the device into the patient. Alternatively the feedback sys
tem scans values of a physical quantity on or near the 
patient. The devices and methods allow for delivering the 
optimum amount of energy to the patient while reducing the 
thermal load of the device. Methods and an apparatus for 
treatment of target biological structure by combination of 
magnet treatment and electromagnetic treatment. The 
method and apparatus may be used for aesthetic applica
tions, e.g. cellulite treatment, body shaping, skin rejuvena
tion or enhancing skin appearance. 
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COMBINATION OF RADIOFREQUENCY 
AND MAGNETIC TREATMENT METHODS 

PRIORITY CLAIM 

2 
appearance. The invention utilizes electromagnetic radia
tion. Methods may be used for targeted remodeling adipose 
tissue, focused treatment of cellulite, body contouring, skin 
tightening or skin rejuvenation. The invention relates to 

5 focused heating of the target tissue by electromagnetic 
waves, whereas the effect of focused heating of the target 
tissue is amplified by the effect of a pulsed magnetic field 
treatment. 

This application is a Continuation-in-Part of each of the 
following: U.S. patent application Ser. No. 15/073,318 filed 
Mar. 17, 2016 and; Ser. No. 14/951,093 filed Nov. 24, 2015 
and now pending; Ser. No. 14/926,365 filed Oct. 29, 2015 
and now pending; and Ser. No. 14/789,658 filed Jul. 1, 2015 

10 
and now pending. This application is also a Continuation
in-Part of U.S. patent application Ser. No. 14/873,110 filed 
Oct. 1, 2015 and now pending, which is a Continuation of 
U.S. patent application Ser. No. 14/789,156 filed Jul. 1, 2015 
and now abandoned. This application is also a Continuation
in-Part of U.S. patent application Ser. No. 15/099,274 filed 15 

Apr. 14, 2016 and now pending. 

Glossary 

Biological structure is at least one neuron, neuromuscular 
plate, muscle fiber, adipocyte, collagen, elastin, pigment or 
skin. 

Remodeling target biological structure refers to reducing 
the number and/or volume of the adipocytes by apoptosis 
and/or necrosis, cellulite treatment, body shaping and/or 
contouring, muscle toning, skin tightening, collagen treat
ment, skin rejuvenation, wrinkle removing, reducing stretch-

This application is also a Continuation-in-Part of U.S. 
patent application Ser. No. 14/697,934 filed Apr. 28, 2015 
and now pending; and of Ser. No. 14/700,349 filed Apr. 30, 
2015 and now pending. 

Each of these applications is incorporated herein by 
20 marks, breast lifting, lip enhancement, treatment of vascular 

or pigmented lesions of the skin or hair removing. 
reference. Adipose tissue refers to at least one lipid rich cell, e.g. 

adipocyte. 
FIELD OF THE INVENTION 

The present invention generally relates to aesthetic meth
ods for enhancing the visual appearance of a patient by 
stimulation using time-varying and high-power magnetic 
field based on a high value of magnetic flux density and/or 
high repetition rate. 

Bolus refers to a layer of fluid material, e.g. water or fluid 
25 solution of ceramic particles, preferably enclosed in a flex

ible sac made of biocompatible material. 
Impulse refers to a single magnetic stimulus. 

BACKGROUND OF THE INVENTION 

Pulse refers to a period of stimulation by a magnetic field 
of at least one magnetic stimulus and time duration of no 

30 stimulation, i.e. time duration between two impulses from 
rise/fall edge to next rise/fall edge. 

Aesthetic medicine includes all treatments resulting in 
enhancing a visual appearance and satisfaction of the 
patient. Patients want to minimize all imperfections includ
ing body shape and effects of natural aging. Indeed, patients 
request quick, non-invasive procedures providing satisfac
tory results with minimal risks. 

As used here "continual therapy" and "continual magnetic 
stimulation" means therapy where the set of the magnetic 
flux density and frequency/repetition rate of magnetic pulses 

35 does not lead to exceeding of the operating temperature 43° 
C. on the casing of the device operating in an ambient 
temperature of 30° C. regardless of the duration of therapy. 

The most common methods used for non-invasive aes
thetic applications are based on application of mechanical 40 

waves, e.g. ultrasound or shock wave therapy; or electro
magnetic waves, e.g. radiofrequency treatment or light treat
ment, such as intense pulsed light or laser treatment. The 
effect of mechanical waves on tissue is based especially on 
cavitation, vibration and/or heat inducing effects. The effect 45 

of applications using electromagnetic waves is based espe
cially on heat production in the biological structure. 

Skin tissue is composed of three basic elements: epider
mis, dermis and hypodermis or so called subcutis. The outer 
and also the thinnest layer of skin is the epidermis. The 50 

dermis consists of collagen, elastic tissue and reticular 
fibres. The hypodermis is the lowest layer of the skin and 
contains hair follicle roots, lymphatic vessels, collagen 
tissue, nerves and also fat forming a subcutaneous white 
adipose tissue (SWAT). The fat cells create lobules which 55 

are bounded by connective tissue, fibrous septa (retinaculum 
cutis ). 

Another part of adipose tissue, so called visceral fat, is 
located in the peritoneal cavity and forms visceral white 
adipose tissue (VWAT) located between parietal peritoneum 60 

and visceral peritoneum, closely below muscle fibres adjoin
ing the hypodermis layer. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross section view of a coil winding. 
FIG. 2 is an illustrative embodiment of cross-section of 

the magnetic applicator. 
FIG. 3 is an illustrative embodiment of a casing of the 

magnetic applicator. 
FIGS. 4A and 4B illustrates circuits for providing high 

power pulses to a stimulating coil. 
FIG. 5 is a graph showing voltage drop in the energy 

storage device. 
FIG. 6 is a schematic diagram of a system for controlled 

deep heating of sub dermal tissues. 
FIG. 7 is a schematic view of a trans-regional course of 

electromagnetic field. 
FIGS. 8 and 9 are schematic examples of positioning of 

electrodes shown in FIG. 1. 
FIG. 10 is schematic diagram of an alternative electrode 

design. 
FIG. 11 is schematic diagram of induced currents inside 

tissue. 
FIG. 12 is schematic diagram of induced currents inside 

tissue without use of an external magnetic field. 
FIG. 13 is schematic diagram of induced currents inside 

tissue with use of external magnetic field. 
SUMMARY OF THE INVENTION FIG. 14 is schematic diagram of a flexible electrode 

65 arrangement in transverse cross-section. 
A method of treating a biological structure uses a com

bination of non-invasive methods for enhancing human 
FIG. 15 is schematic diagram of arrangement of elec-

trodes into a matrix. 

LUMENIS EX1001 
Page 12



US 10,124,187 B2 
3 

FIG. 16 is a block diagram of an apparatus for contactless 
skin and human tissue treatment with feedback control. 

DETAILED DESCRIPTION 

4 
FIG. 1 illustrates a cross section of winding of a coil for 

a magnetic stimulation device. The coil may be constructed 
from litz-wire, wherein each wire is insulated separately. 
Each individual conductor is coated with non-conductive 

5 material so the coil constitutes multiple insulated wires. 
During last few decades patient have not only wanted to 

be in good health, they have also wanted to look-well, i.e. to 
Unlike existing magnetic coil conductors, the present coil is 
not made of bare wire e.g. litz-wire without insulation, or 
conductive tapes, conductive strips, or copper pipe with 
hollow inductors. The insulation of wires separately is a 

be well-shaped, without any unattractive fat and to have a 
young appearance, without wrinkles, stretchmarks or sag
ging breasts. This has resulted in a progressive evolution of 
invasive aesthetic methods such as aesthetic surgery remov
ing and remodeling the human body by invasive and poten
tially dangerous methods, e.g. liposuction or implants. The 
side effect of invasive methods may be scars. The side 
effects resulted in the rapid progress in non-invasive method, 
e.g. lipolysis or removing skin imperfections. 

10 substantial improvement, since this leads to a significant 
reduction of the induced eddy currents. Power loss due to 
eddy currents, per single wire, is described by Equation 1 
below. The small diameter wires of the present coil signifi
cantly reduce self-heating of the coil and therefore increases 

15 efficiency of the present magnetic stimulation device: 

The present method may be used for remodeling the 
adipose tissue, body shaping and/or contouring, muscle 
toning, skin tightening, skin rejuvenation, wrinkle remov- 20 
ing, reducing stretchmarks, breast lifting, lip enhancement 
or treatment of cellulite in general by application of elec
tromagnetic radiation to target structure to selectively heat 
the target tissue to remove and/or remodel adipose tissue 
from the target tissue. The second approach is to transmit a 25 

magnetic stimulation to the target structure, inducing at least 
partial muscle contraction within the target structure to 
remodel the adipose tissue by natural adipose tissue catabo
lism. Adipose tissue catabolism may be caused by apoptosis 
or necrosis of the adipocytes. The muscle contraction caused 30 

by induced eddy current is the same as a natural contraction. 
The adipose tissue may be reduced in natural way. Addi
tionally, the muscle may be shredded in a natural way. 
Therefore the effect results in body shaping and/or contour
ing may be significantly improved. 35 

The method causes the circumferential reduction i.e. a 
reduction of the size of the treated body area. The method is 
mostly indicated for the regions with cellulite, especially for 
buttocks, abdomen, hips, thighs or arms. However, the 
indication is not limited to the mentioned regions and the 40 

method may be used for stimulation of any other body area. 
The present invention discloses the advanced approaches 

in aesthetic applications, e.g. for cellulite treatment and/or 
body shaping. Combined methods of treatment by electro
magnetic field and treatment by magnetic field are used. The 45 

electromagnetic field may include treatment by radiofre
quency, infrared or optical waves. The magnet treatment 
may be provided by permanent magnets, electromagnetic 
devices generating a static magnetic field or time-varying 
magnetic devices. In the preferred application the treatment 50 

by a pulsed magnetic field and radiofrequency treatment 
may be combined. However the application is not limited by 
the recited combination so the combined method may 
include magnet treatment and any treatment by electromag
netic field, e.g. light treatment, IR treatment or treatment by 55 

radio frequency waves, e.g. microwaves, short waves or long 
waves. 

The present invention discloses a method and a technical 
solution of application of different approaches of aesthetic 
treatments, e.g. magnet treatment and radiofrequency treat- 60 

ment. U.S. patent application Ser. No. 14/278,756 incorpo
rated herein by reference describes a device which may be 
used. In an alternative embodiment the radiofrequency treat
ment device may exclude the balun transformer, or the balun 
transformer may be included in transmatch. The possible 65 

methods of treatment by combined methods are described 
below. 

P - "2 . si . d2 . f2 
EDDY - 6-k·p·D , 

Eq. 1 

where: PEDDY is power loss per unit mass (W·kg- 1 
); BP is the 

peak of magnetic field (T); f is frequency (Hz); d is the 
thickness of the sheet or diameter of the wire (m); k is 
constant equal to 1 for a thin sheet and 2 for a thin wire; p 
is the resistivity of material (Q·m); D is the density of 
material (kg·m3

). 

The individual insulation of each wire reduces eddy 
currents. The individually insulated wires may be wound 
either one by one or in a bundle of individually insulated 
wires so as to form a coil, which will serve as a magnetic 
field generator. The coil provides an improvement in the 
efficiency of energy transfer in the LC resonant circuit and 
also reduces or eliminates unwanted thermal effects. 

The coil may have a planar coil shape where the indi
vidually insulated wires may have cross-section wires with 
conductor diameter less than 3 mm even more preferably 
less than 0.5 mm and most preferably less than 0.05 mm. 
The wires are preferably made of materials with higher 
density and higher resistivity e.g. gold, platinum or copper. 
The diameters of the single wires should be minimal. On the 
other hand the total diameter should be maximal because of 
inverse proportion between the cross-section of all wires 
forming the coil and the electrical resistance. Therefore the 
ohmic part of the heat is then lower. Eq. 2 describes power 
loss of the coil: 

p· ~ ./2 
PR= _s __ 

m 

Eq. 2 

Where: PR is the power loss heat dissipation (W); p is the 
resistance (Q·m); 1 is the length of wire (m); Sis the surface 
area (m2

); 1 is the current (A) and mis 1 kg of wire material. 
Total power loss is (Eq.3): 

Eq. 3 

Where: Proris the total power losses (W·kg- 1
); PEDDY is the 

power dissipation of eddy currents (W·kg- 1 
); PR is the power 

loss heat dissipation (W·kg- 1
). 

Dynamic forces produced by current pulses passing 
through the wires of the coil cause vibrations and unwanted 
noise. The individual insulated wires of the coil may be 
impregnated under pressure so as to eliminate air bubbles 
between the individual insulated wires. The space between 
wires can be filled with suitable material which causes 
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unification, preservation and electric insulation of the sys
tem. Suitable rigid impregnation materials like resin, and 
elastic materials like PTE can be also used. With the coil 
provided as a solid mass, the vibrations and resonance 
caused by movements of the individual insulated wires are 
suppressed. Therefore noise is reduced. 

The coil may be attached to the case of the applicator, 
such as a hand held applicator of the magnetic stimulation 
device; built-in applicator in e.g. chair, bed; or stand-alone 
applicator e.g. on mechanical fixture. The attachment may 
be provided by an elastic material e.g., silicone, gum; or 
other flexible manner. Connection with the coil of the 

6 
but also connection to a source of the fluid; however the 
conduit of the fluid 19 may also be connected separately. 

FIG. 4A and FIG. 4B illustrate circuits for providing high 
power pulses to the stimulating coil. FIG. 4A shows a circuit 

5 for providing high power magnetic pulses. FIG. 4B shows a 
circuit for providing high power pulses. 

Existing magnetic stimulation devices achieve magnetic 
flux density of a few tenths to several Teslas. To achieve this 
level of magnetic flux density, the energy source used 

10 generates sufficient voltage. This voltage can reach thou
sands of volts. In FIG. 4A the circuits for providing high 
power pulses to the stimulating coil contain a series con
nection to the switch 22 and the coil 21. The switch 22 and 

applicator's case can be ensured by several points. The 
several fastening points ensure the connection of the coil to 

15 
the casing by flexible material so that the main part of the 
coil and the main part of the casing of applicator are spaced 
apart. The spacing should be at least 0.1 mm so that air can 
easily flow. The gap between the coil and the casing can be 
used either for spontaneous or controlled cooling. The coil 20 

may optionally be connected to the case of the applicator by 
only one fastening point. The fastening points eliminate 
vibrations of wires which could be transferred to housing of 
the applicator and therefore reduce noise of the magnetic 
stimulation device. 

the coil 21 together are connected in parallel with an energy 
storage device 20. The energy storage device 20 is charged 
by the energy source 23 and the energy storage device 20 
then discharges through the switching device 22 to the coil 
21. 

During second half-period of LC resonance, the polarity 
on the energy storage device 20 is reversed in comparison 
with the energy source 23. In this second half-period, there 
is a conflict between energy source 23, where voltage on 
positive and negative terminals is typically thousands of 
Volts. The energy storage device 20 is also charged to the 

25 positive and negative voltage generally to thousands of 
Volts. As a result, there is in the circuit, consequently, twice 
the voltage of the energy source 23. Hence the energy source 
23 and all parts connected in the circuit are designed for a 

FIG. 2 is a cross-section of the magnetic applicator which 
allows better flow on the lower and upper sides of the coil 
and thus more efficient heat dissipation. The magnetic 
stimulation device includes a coil 10, the circuit wires 11 and 
the fastening points 12 for connection of the coil to the 30 

casing of the applicator (not shown). The fastening points 12 
are preferably made of flexible material however the rigid 
material may be used as well. The fastening points 12 may 

high voltage load. Therefore, the protective resistors and/or 
protection circuitry 24 must be placed between energy 
source 23 and energy storage device 20. As a result a large 
amount of energy is transformed to undesired heat in the 
protective resistors and/or protection circuitry 24. 

be located on the outer circumferential side of the coil. 
However, alternatively it is possible to put these fastening 
points to a lower or upper side of the coil. 

The fastening points 12 connect the coil to the case of the 
applicator in at least one point. The fastening points 12 
maintain the coil and the main part of the case of the 
applicator spaced apart so that fluid (which may be air or any 
liquid) can flow between them. At least one blower 13 can 
be placed around the circumference of the coil, or perpen
dicular to the coil. The blower can be any known kind of 
device for directing the fluid e.g. outer air directed into the 
case of the applicator. This arrangement of the blower allows 
air to bypass the coil from upper and lower (patient's) sides. 
In still another embodiment the outer air can be cooled 
before directing into the case. The blower can have an inlet 
placed around the circumference of the coil for injecting air, 
to remove heat from the coil. A connecting tube (not shown) 
can ensure connection of the applicator 14 with the energy 
source and/or control unit of magnetic stimulation device. 
The connecting tube may also contain a conduit of the fluid. 

The arrows 15 indicate the air flow through the applicator 
14. This arrangement of the blower allows the air to bypass 
the coil from upper and lower (patient's) side. Outlet may be 
preferably placed on upper side of the casing. By placing the 
blower around the circumference of the coil instead of on the 
top/below the coil, the blower 13 does not interfere with the 
magnetic flux peak and therefore its lifespan and reliability 
is increased. 

FIG. 3 is an illustrative embodiment of a casing of the 
magnetic applicator. The overview drawing contains casing 
itself 16, which might contain an outlet 17 preferably placed 
on upper side of the casing 16. A connecting tube 18 may not 
only ensure connection of the applicator with the energy 
source and/or control unit of magnetic stimulation device, 

FIG. 4B shows a circuit for providing high power pulses 
35 for improved function of the magnet stimulation device. The 

coil 31 and an energy storage device 30 are connected in 
series and disposed in parallel to the switch 32. The energy 
storage device 30 is charged through the coil 31. To provide 
an energy pulse, controlled shorting of energy source 33 

40 takes place through the switch 32. In this way the high 
voltage load at the terminals of the energy source 33 during 
the second half-period of LC resonance associated with 
known devices is avoided. The voltage on the terminals of 
energy source 33 during second half-period of LC resonance 

45 is a voltage equal to the voltage drop on the switch 32. 
The switch 32 can be any kind of switch such as diode, 

MOSFET, JFET, IGBT, BJT, thyristor or their combination. 
Depending on the type of component the load of energy 
source 33 is reduced to a few Volts, e.g., 1-10 volts. 

50 Consequently, it is not necessary to protect the energy source 
33 from a high voltage load, e.g., thousands of Volts. The use 
of protective resistors and/or protection circuits is reduced or 
eliminated. The present designs simplify the circuits used, 
increase efficiency of energy usage and provide higher 

55 safety. 
FIG. 5 show an exponential voltage drop in the energy 

storage device. Energy savings during time-varying mag
netic therapy may be characterized by reduced voltage drop 
in the energy storage device between the first, second and 

60 subsequent maximums of the resonant oscillation. The mag
nitude of the individual voltage oscillations is exponentially 
dampened up to establishing the energy balance. This allows 
increasing the maximum possible frequency/repetition rate 
of magnetic pulses, since the frequency/repetition rate is 

65 dependent on the speed with which it is possible to recharge 
the energy storage device. Since the energy storage device is 
recharged by the amount of energy loss during the previous 
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pulse, it is possible to increase the frequency/repetition rate 
8 

selectively only structures with low volume, of water. A 
spacer 7 such as a towel, gauze pad, foam pad, cloth pad and 
another porous or air permeable materials may be placed on 
the skin, with the applicator then placed on top of the spacer 

of the device up to hundreds of magnetic pulses per second 
without the need to increase the input power. The voltage 
drop between any of the successive amplitudes is not higher 
than 21 %, even more preferably not higher than 14% and 
most preferably not higher than 7%. 

The device can be used for treatment/successive treat
ments in continual, interrupted or various duty cycle regime. 
The duty cycle may be higher than 10%, which means 
interrupted regime with the ratio up to 1 active to 9 passive 
time units. The ratio may possibly change during the 
therapy. The device enables operation defined by the peak to 
peak magnetic flux density on the coil surface at least 3 T, 
more preferably at least 2.25 T, most preferably at least 1.5 
T at repetition rates above 50 Hz, more preferably at 
repetition rates above 60 Hz, even more preferably at 
repetition rates above 70, most preferably at repetition rates 
above 80 Hz with treatment/successive treatments lasting 
several seconds or longer, for example, for at least 5, 10, 30, 
60, 120 or 240 seconds, or longer. The total power con
sumption is below 1.3 kW and the width of pulses is in the 
range of hundreds of µs. 

5 7. The spacer may be made from three-dimensional material 
with high air permeability formed by two square fabrics with 
preferably low square densities connected by tough fila
ments. This automatically sets the separation distance 
between the applicator and the skin, and prevents the appli-

10 cator from touching the skin. The spacer 7 may be made of 
various dielectric or electrically non-conductive materials. 
The spacer 7 is typically dry in use. Alternatively, a reusable 
or a disposable spacer may be attached to the applicator. For 
example, the spacer may comprise posts, a frame, or other 

15 structure on the applicator that contacts the skin, while 
keeping the active surface of the applicator spaced apart 
from the skin. As described and claimed here, such spacing 
elements are additional elements and not part of applicator. 
The methods may be performed with no part or surface of 

20 the actuator in contact with the skin. 

The device enables achieving repetition rates above 100 
Hz, more preferably repetition rates above 150 Hz, most 
preferably repetition rates above 200 Hz with the magnetic 25 

flux density providing a therapeutic effect on neurons and/or 
muscle fibers and/or endocrine cells (e.g. at least partial 
muscle contraction, action potential in cell). Based on 
achievement of repetition rates in order of few hundreds the 
device also enables assembling the magnetic pulses into the 30 

various shapes (e.g. triangular, rectangular, exponential), 
with the shape widths from 6 ms to several seconds or 
longer. 

Referring now to FIG. 6, a system 116 applies electro
magnetic energy through a skin layer, such as the epidermis, 35 

and to the underlying dermal and/or sub dermal tissue, and 
underlying collagen tissue, causing acceleration of lipolysis 
and collagen remodeling. The system may include 6 blocks. 
The power supply 110 is connected to a power source. An 
HF generator (high frequency generator) 111 and a trans- 40 

match and generator control unit 114, and a microprocessor 
control unit with user interface 115, are connected to the 
power supply 110. The HF generator 111 may generate an 
electromagnetic field at 13.56 or 40.68 or 27.12 MHz, or 
2.45 GHz or optionally at other frequencies as well. The 45 

13.56, 27.12 and 40.68 MHz and 2.45 GHz frequencies 
avoid creating radio interference, as these frequencies are 
exclusively assigned as free or open frequencies. 

The microprocessor control unit with user interface 115 
provides communication between the transmatch and gen- 50 

erator control unit 114 and user interface, which may be a 
touch screen on the device display. 

A selective heating process is observed in the dermis 3 
due to dielectric losses of induced electromagnetic field. 
Dielectric loss is created, as part of an AC electromagnetic 
field power is converted to heat in the dielectric. During this 
process, ions accelerate and collide, polar molecules rotate, 
non-polar molecules undergo distortion and these move-
ments produce thermal energy. Skin and muscle, are largely 
not affected by electromagnetic field 1 as they contain water 
and the blood, circulation provides for cooling. Bone 5 gets 
little if any heating because the applicators 6 are positioned 
to create a field only on the upper structures. The lipid cells 
of the adipose tissue contain less water than the surrounding 
tissue and are therefore heated at higher level than the 
surrounding tissue. 

Electrodes can be placed coplanar, tilted to each other or 
parallel to each other. Coplanar electrodes can be advanta
geously (but not exclusively) used for heating the shallow 
layers of human skin. In this arrangement the electromag
netic waves tend to travel through materials with the lowest 
impedance, such as epidermis and dermis. This effect may 
be favorably used for remodeling subcutaneous collagen and 
elastin fibers. 

Electrodes tilted to each other can be advantageously used 
for different sized patients, limbs or another body parts. 
Electrodes parallel to each other can be advantageously (but 
not exclusively) used for heating adipose tissue. In this 
arrangement adipose fat tissue acts as sub cutis layer with 
highest impedance and therefore transforms most of induced 
electromagnetic energy to heat. 

In coplanar or tilted arrangement of electrodes, more 
distance between electrodes induces more energy in deep 
tissues of patient's skin, which is desirable for subcutaneous 
adipose tissue heating. The electrodes may be used one by 
one in one plane distanced at least 6 cm. This can be 
obtained by distribution of electrodes in predetermined 
minimal distance or by a matrix or array of electrodes that 
are switched so that adjoining electrodes are not powered on 
at the same time. Therefore, a specified minimal distance 
between electrodes will be maintained. Shorter distances 
between electrodes may be advantageous for treatment of 
shallow layers of patient's skin. 

The transmatch and generator control unit 114 receives 
information from the operator via the control unit and 
regulates the operation of the HF generator 111 and the 55 

transmatch 112. The transmatch transmits HF to a balun 
transformer 113, which converts unbalanced impedance to 
balanced impedance. This processed signal goes to two 
capacitive applicators 6, which may be positioned 0.5 cm or 
higher above the surface of the skin or applied on dielectric 60 

or insulating, non-conductive material which is in contact 
with the skin surface. FIGS. 8 and 9 are schematic examples of positioning of 

the applicators or electrodes 6 providing radiant energy 
through the skin 2 to subcutaneous fat 3. The applicator 

65 includes one or more electrodes and wiring connections to 
system components. The electrodes are positioned approxi
mately 2-3 cm above the surface of the skin and separated 

FIG. 7 is a schematic representation of a heat distribution 
under the skin. One or more applicators 6 create an elec
tromagnetic field. This electromagnetic field crosses through 
the skin 2, subcutaneous fat 3 and muscle 4 or the bone 5. 
Capacitive applicators 6 provide deep heating, which heats 
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from the skin by an air gap 25, or placed onto a spacer 7 
which is in contact with the skin surface, as shown in FIG. 
7. The spacer 7, if used, may correspondingly typically be 
about 0.5 to 1 cm thick. The applicator 6 may be temporarily 
fixed in position relative to the patient, if desired, for 5 

example on a mechanical fixture or holder. It is not neces
sary in each instance for the applicator to be continuously 
moving during the procedure. This makes the procedure 
easier to perform, since user need not constantly keep 
moving the applicator over the patient's skin. Consequently, 10 

the user can accordingly simultaneously attend to other 
needs of a patient. The applicator 6 may have a relatively 
large surface area, so that the field 1 is distributed more 
widely through the subcutaneous tissue. For example, the 
applicator may have a surface area of at least about 15, 30, 15 

50, 100, or 150 square centimeters. 
If more than one applicator is used, applicators may be 

positioned on opposite sides of the patient. A spacer may be 
positioned between one or more applicator and the skin of 
the patient. The electromagnetic waves may be transmitted 20 

in the range of 13.553-13.567 or 26.957-27.283 or 40.66-
40.70 MHz or 2.4-2.5 GHz from the applicator into the 
subcutaneous tissue. The temperature of the skin surface 
may be increased to about 32-45° C. 

One or more of the applicators may have a temperature 25 

sensor which measures and monitors the temperature of the 
treated tissue. Temperature can be analyzed by a micropro
cessor control unit. The temperature sensor may be a con
tactless sensor (e.g. infrared temperature sensor), contact 
sensor (e.g. resistance temperature detector) or invasive 30 

sensor (e.g. a thermocouple) for exact temperature measur
ing of deep or shallow tissue of human skin. The micropro
cessor controller may use algorithms to calculate the deep or 
shallow temperature based on the surface temperature of the 
skin. A feedback system may be used to measure and control 35 

temperatures on the skin surface or below the skin surface. 
The feedback system may control the temperature to a 
predetermined level, for example by adjusting power, air
flow circulation, phase shifting, supplemental magnetic 
field, and perhaps other parameters, or combinations of 40 

them. 

10 
tissue with the lowest impedance. Supplemental low imped
ance material can improve the energy flow so that a rela
tively large amount of energy can be safely transmitted into 
the tissue. The material with low impedance may be a metal, 
alloys or other material with the same or lower impedance 
than epidermis and dermis. 

FIG. 11 shows an alternative design having phase con-
trolled radiofrequency signals which may be used to 
improve targeting of induced electromagnetic energy into a 
predetermined depth of tissue. This system may include two 
or more pairs of electrodes, where the first pair of electrodes 
62 and 63 is inside the second pair of electrodes 61 and 64. 
Electrode polarity between electrodes of the inner first pair 
fluctuates relative to the outer second pair with phase shift. 

In the coplanar or tilted arrangement of electrodes, a 
shallow layer of the skin 65 such as epidermis and dermis is 
heated more when the electrodes are close together. A deep 
layer of the skin 66 such as hypodermis is heated more with 
increasing distance between the electrodes. 

As the distances between electrodes of each pair are 
different, each pair induces an electromagnetic field at 
different depths of tissue. In a coplanar or tilted arrangement 
of electrodes, a greater distance between the electrodes 
induces greater energy in deep tissues of patient's skin. With 
the phase shift of these pairs it is possible to control the 
shape of induced electromagnetic energy and therefore 
heating of targeted tissue. 

In FIG. 11, the induced electromagnetic field is repre
sented by solid line arrows, with dashed line arrows repre
senting induced movement of charged particles caused by 
phase shift of induced electromagnetic fields. 

Phase shift can be used in array of electrodes, where each 
electrode is shifted in phase separately. With phase shift it is 
possible to decrease the difference of potentials of adjoining 
electrodes and therefore decrease the amount of induced 
electromagnetic field in shallow layers of skin. Even if the 
electrodes are close together phase shift may reduce 
unwanted heating or overheating in shallow layers of skin. 
Phase shifting may be used in a method for skin treatment 
by positioning first and second electrodes adjacent to the 
skin of the patient, with the electrodes not touching the skin, 
and providing airflow circulation between the electrodes and 
the skin. The electrodes transmit radio frequency waves into 
the skin, with the radio frequency waves heating the skin. 

FIG. 10 illustrates arrangement of a mechanical fixture or 
holder for tilting electrodes which enables treatment of 
different sized patients, limbs or other body parts. A tilting 
device may include at least two electrodes 51, 52 connected 
by joints 53, allowing the electrodes to be spatially adjust
able. Each electrode may further enable connection of 
additional electrodes, so that the applicator can be extended 
according to the needs of the particular patient. The joint 
connection with additional electrode(s) may be a plug and 
play device. The microprocessor control unit may be pro
grammed to recognize the additional electrodes and allow 
the user to select a therapy with regard to the number of 
participating electrodes. In some embodiments the radiof
requency device also enables shifting of electrodes for 
example by parallelogram or simply by fastening of each 
electrode on mechanical fixture or holder. In another 
embodiment the arrangement of mechanical fixture or holder 
enables tilting and shifting of electrodes. 

45 The first electrode may transmit radio frequency waves 
having a phase different from the radio frequency waves 
transmitted by the second electrode. 

Substantially coplanar electrodes may be advantageous 
for treatment of deep tissue of patient's skin. Coplanar 
electrodes or electrodes tilted towards each other may be 
used with a low impedance material placed between the 
electrode/s and skin of patient. The low impedance material 
may be laid on patient's skin. Shallow layers of patient skin 
may overheat during treatment with large amount of energy 
because the electromagnetic field tends to travel through 

Another system for providing targeted electromagnetic 
energy may use a supplemental magnetic field. FIG. 12 

50 illustrates induced electromagnetic field inside the tissue 
without a supplemental magnetic field. The inner electrode 
pair of electrodes 72 and 73 induces an electromagnetic filed 
mainly inside a shallow layer of the skin 75. The outer 
electrode pair 71 and 74 induces an electromagnetic filed 

55 mainly in a deeper layer of the skin 76. FIG. 13 illustrates 
an induced electromagnetic field trajectory influenced by a 
permanent magnetic material or an inducing magnetic field 
from an electromagnet 87. The inner electrode pair of 
electrodes 82 and 83 induces an electromagnetic filed which 

60 is shifted from a shallow layer of the skin 85 more into a 
deeper layer of the skin 86. The outer electrode pair 81 and 
84 induces an electromagnetic field mainly in the deeper 
layer of the skin 86. 

An induced electromagnetic field can be deflected 
65 towards or away from the upper layers or lower layers of 

skin, depending on type of therapy. Based on the tempera
ture of the skin, the microprocessor control unit can regulate 
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the electromagnet to change the magnetic field and therefore 
influence the depth of the induced electromagnetic field in 
the skin of patient. 

12 
an air mover adjacent to the skin, for example using an air 
mover attached to the electrode or applicator, or an air tube 
connected to air source for moving air through the air tube 
to the patient's skin. The system may also be adapted to FIG. 14 illustrates a treatment system having malleable/ 

flexible electrodes 91 and 92. In this design the applicator 
can be shaped according to the patient's shape to better 
match the individual. The distance between skin of the 
patient and applicator is therefore constant and heating of 
tissue is homogenous. This may help to eliminate possible 
temperature differences which might occur if there are any 
shape irregularities on human skin. Such a flexible applica
tor may be created from bipolar, monopolar or even unipolar 
system and one or more electrodes. The electrode(s) may be 
made of flexible material to insure that the electrode(s) are 
the same distance from the patient's skin and substantially 
parallel with skin of patient. 

5 expose tissue to a supplemental magnetic field. 
FIG. 16 depicts a block diagram of a device for contact

less treatment of skin and subcutaneous tissue with feedback 
control of the input power. The device may include a power 
supply 110, an HF generator 111 and at least one electrode 

10 117. The power supply 110 is connected to power source. 
The input power of the generated signal exceeds 40 W, and 
more preferably 80 W. The HF generator 111 may generate 
an electromagnetic field in the range of 1 MHz to 100 of 
GHz or optionally other frequencies as well. The 6.78, 

Systems and methods may provide improved skin surface 
treatment for large area sections and body parts with mini
mal need of personnel assistance during therapy. As shown 

15 13.56, 27.12 and 40.68 MHz; 2.45, 5.80 GHz and all other 
ISM bands avoid creating radio interference, as these fre
quencies are exclusively assigned as free or open frequen
cies. 

in FIG. 12, a plurality of electrodes may be are arranged 20 

adjacent to each other. The electrodes may be interconnected 
and partially separated from each other by a carrier surface. 

The output signal from HF generator 111 is subsequently 
conducted to the electrodes 117, which may be positioned 
above the surface of the skin or applied on dielectric or 
insulating, non-conductive material which is in contact with 
the skin surface. The device for contactless skin treatment If the electrodes are made of rigid material the distance 

between these individual carrier surfaces provide high flex
ibility of treatment area. Alternatively, the electrodes may be 
a flexible material. The electrodes may be selectively 
switched on and off during treatment, optionally with the 
electrodes switched so that adjoining electrodes will not be 
powered on at the same time. 

delivering RF energy into the patient is constructed as a 
25 symmetrical voltage power supply. 

As shown in FIG. 15, a system is provided for treating 30 

large areas or parts of the body 100 with minimal need of 
personnel assistance during therapy. Multiple electrodes 101 
may be arranged adjacent to each other, with the electrode 
interconnected and partially separated from each other by 
carrier surface 102. If the electrodes are made of rigid 35 

material the spacing between the electrodes allows for 
flexible positioning of the electrodes on the body 100. 
However, preferably the electrodes are made from flexible 
material. The electrodes can be selectively switched on and 
off during treatment, optionally in a way so that adjoining 40 

electrodes are not powered on at the same time. This 
switching, if used, may be controlled by the microprocessor 
control unit and be set by the user in a user interface, or it 
may be set automatically based on treatment type. 

Other forms of switching, such as random switching, or 45 

other algorithm switching of electrodes at specified elec
trode locations or distances, may also be use, to provide 
treatment to various depths. 

The present system for skin treatment may be provided 
with an array of electrodes adjacent to the skin of the patient, 50 

with the electrodes not in contact with the skin of the patient. 
A microprocessor control unit is electrically connected, 
directly or indirectly, to the electrodes, with the electrodes 
transmitting radio frequency waves and the microprocessor 
selectively switching electrodes in the array on and off, 55 

optionally in a way so that adjoining electrodes are not 
powered on at the same time. A fixture may be used for 
holding the electrodes in a fixed position relative to the skin 
during at least part of the treatment process. The electrodes 
may be uniformly spaced apart into rows and colunms, or 60 

aligned on concentric circles, or randomly arranged. The 
electrodes can be separated from the skin by an air gap or a 
spacer. The electrodes may be flexible, to conform to the 
skin or to a spacer, or to allow for greater versatility in 
positioning the electrodes. Temperature feedback control 65 

may be used to control skin temperature. Airflow may be 
provided between an electrode and the skin by positioning 

One or more sensors 116 are located between the HF 
generator 111 and at the least one electrode 117 to measure 
the values of at least one physical quantity, e.g. voltage, 
current or phase shift between physical quantities. 

A transmatch 112 may optionally be connected by trans
mission cable 120 to the HF generator 111. The transmatch 
112 adapts the signal from the RF generator 111 and based 
on reflection coefficient, measured for example by SWR 
meter, matches the impedance so as to optimize the power 
transfer and minimize the reflected signal load. Transmatch 
112 is designed to withstand the high power load by using 
appropriate electromechanical components as is known in 
the art. 

The output signal from transmatch 112 is provided to the 
electrodes 117 by transmission cables 120 where parasitic 
effects might occur. The undesirable parasitic effects are 
caused mainly by internal capacitance of the transmission 
cables. The parasitic capacitance is intensified by proximity 
of transmission cables, proximity with other conductors or 
high frequency signals. Parasitic effects cause reduction of 
the output power and distort the values measured by the 
sensor 116. 

Significant reduction of parasitic capacitance can be 
achieved by its material composition and shading of the 
transmission cables 120. For example, the parasitic capaci
tance in the transmission cables is reduced or eliminated by 
using an electric cable with an outer cylindrical conductor 
and an internal conductor, where the space between them is 
filled with dielectric. Consequently, it is possible to measure 
values of at least one physical quantity inside the device 
more accurately, which allows the actual power delivered to 
the patient during therapy to be determined. 

As shown in FIG. 16 the power supply 110, HF generator 
111, transmatch 112 and sensor 116 can be communicatively 
coupled by microprocessor control unit 116. The micropro
cessor control unit 116 can provide communication with a 
user interface 118, which may be a touch screen on the 
device display. 

The contactless device for treatment of the skin and 
human tissue by radio waves causes controlled heating of 
the designated areas on the patient. Based on the settings of 
a treatment device, for example as described in U.S. Patent 
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match so as to measure the output value and calculate the 
output power which is delivered into the patient. 

The actual power delivered to the patient at a given time 
may be calculated according to the formula P=U-I·cos cp. 

Publication No. 2014/0249609, the radio waves cause selec
tive heating of the dermis and/or the hypodermis. The 
controlled heating may lead to remodeling and/or downsiz
ing of a volume of lipid-rich cells and/or remodeling of 
collagen tissue and/or remodeling of elastic fibers. 5 Where the U is voltage output value, I is current output 

value, cos cp is a phase shift between voltage and current. 
Summarization of such calculations may also provide the 
operator the true energy delivered into the patient during the 

However the average impedance of the patient and treat
ment electrode changes during therapy due to reasons dis
cussed below, which may cause inconsistency in the treat
ment. The impedance of the patient and treatment electrode 
can be compared to the impedance of a series circuit 10 

consisting of capacitor and resistor. Typical capacitance 
values ranges about 0.1-100 pF and resistance about 0.1-100 
Ohms. 

therapy. 
The measured values may be monitored and evaluated 

even by the sensor itself or by microprocessor control unit 
6, which is electrically connected to the sensor 4. If the 
measured value exceeds a predetermined limit, a feedback 
signal is sent to the power supply 1 or HF generator 2 to 

Since the patient is not in direct contact with the source of 
RF signal, the distance between patient and at least one 
electrode during the therapy permanently changes. The 
space between skin of the patient and at least one electrode 
is occupied by air gap or highly air permeable material. The 
distance between electrode and patient changes due to 
movements of the patient and either by biological rhythms 
such as breathing and heartbeat, which cause vibrations or 
movements of the treated tissue. Small movements and 
displacements during the therapy may cause impedance 
changes and the signal is not tuned for the whole time of the 
therapy. Therefore the output energy directed to the patient 
and absorbed by the patient may vary during the therapy. 

15 adjust the input power. The signal may include information 
about exceeding a threshold both qualitative ( e.g. yes/no) as 
well as the quantitative value (e.g. a real value). The signal 
from sensor 4 can be transmitted as optical information by 
e.g. optical fiber, so as to eliminate the effects of electro-

20 magnetic fields on the transmitted signal. 
A method for contactless skin and human treatment starts 

by gradually increasing input power. The initial input power 
may be, for example 10 W, and consequently can be 
increased in predetermined intervals by an additional e.g. 10 

25 W up to the maximum input power for a given therapy. 

The actual impedance depends besides the above men
tioned factors and also on the shape and disposition of the 
patient and the amount of adipose tissue. In order to achieve 30 

optimal heating of treated skin or subcutaneous tissue in a 
patient with low resistance, it is necessary to increase the 
supplied power. The capacitance however causes formation 

Similarly, the input power can be added continuously. The 
size of the initial input power, the abrupt increase or rate of 
continuous increment can differ depending on the kind of 
therapy. 

The input power is gradually increased until the sensor 4 
measuring the output values measures an output value 
greater than the threshold. When the measured values 
exceed the threshold, the input power is reduced to either the 
last increment or by a value equal to the amount by which of undesirable high voltage. The voltage can arise to about 

few kV in this area. Excessive voltages influence the quality 
of treatment process and may lead to inconsistency of 
treatment, with variable amounts of energy consumed in the 
epidermis layer. High voltage may also cause interference 
nearby electrical equipment. 

35 the last measured value exceeds the threshold. The threshold 

To overcome these treatment irregularities, in one 40 

embodiment the sensor 4 measures the output values of at 
least one physical quantity (e.g. voltage, current) or phase 
shift between the physical quantity. In the case of using more 
than one electrode the sensor 4 may measure the values 
between different branches of the symmetrical signal cables 45 

leading to each electrode. The closer to the electrode the 
sensor is, the more precise the values can be measured. 

However when the sensor 4 is placed near the electrode, 
the values can be out of scale of common measuring devices, 
since the output values can reach several kV. Therefore the 50 

sensor 4 may optionally be placed closely behind the trans
match 3. The values measured in this part are proportional 

value of the output quantity can be adjusted based on type 
of therapy. 

Since the impedance of the patient is dependent on any 
change in the distance between the electrode and patient's 
skin, the system is advantageously responsive to such 
change. Sampling frequency measurements of the output 
values of at least one physical quantity should be higher than 
0.01 Hz. 

The duration of therapy may be influenced by the calcu
lated output power. As an example there may be a prede
termined range of the output power for a specific kind of 
therapy. Time of therapy spent within the predetermined 
range will be counted into the real time of therapy. Therefore 
the therapies will be more precise, since the low/high powers 
will not be included into the treatment time. 

According to the yet another embodiment the device for 
contactless skin and human tissue treatment is in commu
nication with the sensor measuring the electric field inten
sity. Based on values measured by electric field intensity 

to the values which are located close to the electrode of the 
device and are in the range from tens to several hundreds of 
Volts. 

In another embodiment a look-up-table or a correction 
function can be used for determination of the output values 

55 sensor the input power is adjusted. Communication links can 
be both wired and wireless. The sensor measuring the 
electric field intensity can be placed in close proximity to the 
skin of the patient or directly on the skin, or it can be built 
into the device or be an external device. If electric field 

of at least one physical quantity even if the values are 
measured in any part of the device. The look-up-table can be 
also used for determination of the output power delivered 60 

into the patient. In a similar way it is possible to determine 
the output power delivered into the patient by a correction 
function which corresponds to the transmission characteris
tics of the device e.g. y=f (x), where input x represents the 
measured value of physical quantity inside the device. Thus 65 

by determination of the transmission characteristics it is 
possible to place the sensor 4 anywhere behind the trans-

intensity exceeds a predefined threshold, the input power is 
reduced to either by last increment or by a value equal to the 
amount by which the last measured value exceeds the 
threshold. 

The skin temperature of the patient may optionally be 
measured, with input power adjusted based on a measured 
skin temperature. Optimal skin surface temperature during 
treatment is between 38° C.-48° C., preferably between 41 ° 
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C.-44° C. A sensor measuring the temperature of the skin of 
the patient can be placed in close proximity to the skin of the 
patient or directly on the skin. If the skin temperature 
exceeds a predefined threshold, the input power is reduced 
either by the last increment or by or by a value equal to the 5 

amount by which the last measured value exceeds the 
threshold. Similarly, it is possible to measure the tempera
ture of the skin and/or human tissue by contactless methods 
as in e.g. WO2014114433, incorporated herein by reference. 
These may be contact or contactless or invasive method for 10 

obtaining detailed information about the temperature in the 
deep layers. A sensor measuring the temperature of the 
patient can be built-in or external device. 

A distance sensor can measure the distance between the at 
least one electrode and patient. Based on the measured 15 

distance value, input power may be adjusted instanta
neously. Optimal distance between electrode and patient 
varies depending on treatment frequency of radio wave, 
treated area, impedance, and time duration. The optimal 
distance may vary over a few tenths of a centimeter. If the 20 

distance exceeds a predefined threshold, the input power is 
reduced at either by last increment or by or by a value equal 
to the amount by which the last measured value exceeds the 
threshold. A sensor measuring the distance between the at 
least one electrode and patient can be built-in or an external 25 

device. 

16 
The frequencies for the radiofrequency treatment may be 

in the range of ones of MHz to hundreds of GHz, more 
preferably in the range of 13 MHz to 3 GHz, most preferably 
around 13.56 or 40.68 or 27.12 MHz or 2.45 GHz. The term 
"around" should be interpreted as in the range of 5% of the 
recited value. The impulse frequencies for the magnet treat-
ment may be in the range of hundreds of Hz to hundreds of 
kHz, more preferably in the range of ones of kHz to tens of 
kHz, most preferably up to 10 kHz. However the repetition 
rate of the magnetic impulses may reach up to 700 Hz, more 
preferably up to 500 Hz, most preferably in the range of 1 
to 300 Hz. The magnetic flux density of the magnet treat
ment is at least 0.1 T, more preferably at least 0.5 T, even 
more preferably at least 1 T, even more preferably at least 
1.5 T, most preferably at least 2 T, or up to 7 Tesla on the coil 
surface. 

The combination of the recited method may improve 
currently used applications in various aspects and the effect 
of the treatments may be significantly enhanced. The appli
cation of a radiofrequency electromagnetic field is combined 
with application of a magnetic field applied before, simul
taneously or after the radiofrequency treatment. The mag
netic field may be generated by a permanent magnet or 
electromagnet. The magnetic field may be constant in time 
or in the preferred application the magnetic field may be 
time-varying, more preferably a pulsed magnetic field may 
be used. The application of a magnetic field induces many 
benefits for radiofrequency treatment, such as applications 

Alternatively a system may control the input power 
according to the received impedance values of the patient. A 
sensor measuring the impedance of the patient can be 
built-in or an external device. 30 inducing at least partial muscle contraction, myorelaxation 

effect or analgesic effect. The perfusion or metabolism may 
be improved as well. 

Magnet treatment in combination with radiofrequency 
treatment may be represented by two independent treatment 
devices, e.g. one treating the target structure by radiofre
quency waves and the second treating the target structure by 
magnetic field. Both devices may have a separate applicator 35 

for treating the target structure, or one applicator may be 
used by at least two devices, i.e. the applicator may be 
modular for a plurality of devices. 

The aesthetic treatment device may include at least one 
HF frequency generator for providing energy for radiofre- 40 

quency treatment and for providing energy for magnet 
treatment. In an alternative embodiment, the device may 
include at least one HF frequency generator for providing 
energy for radiofrequency treatment and at least one other 
independent frequency generator for providing energy for 45 

magnet treatment. The device may include plurality of 
applicators for providing separate radiofrequency or magnet 
treatments to the patient. 

In alternative embodiment the applicator may provide a 
combination of radio frequency and magnet treatment. In one 50 

embodiment, the applicator may include at least one radiof
requency electrode for providing radiofrequency treatment 
and at least one coil for providing magnet treatment. In 
another embodiment, the applicator may include at least one 
electrode for providing radio frequency treatment and at least 55 

one coil providing magnet treatment, wherein the at least 
one RF source provides energy for both at least one elec
trode and at least one coil. 

In still another embodiment the at least one RF source 
may provide the energy for the at least one coil providing 60 

magnet treatment wherein the at least one coil may be used 
as the at least one electrode. The essence is the far different 
stimulation frequencies which are used for RF treatment and 
magnet treatment. The coil in the high frequency field is 
similar to the electrode. This enables the coil to be the 65 

electrode for radiofrequency treatment. In the preferred 
embodiment a flat coil may be used as the electrode. 

The at least partial muscle contraction may induce 
enhanced effects on adipose tissue reduction by catabolism 
of the adipose tissue and burning energy from adipose tissue. 
The total adipose tissue reduction effect is enhanced by 
radiofrequency treatment. 

Additionally, the at least partial muscle contraction may 
improve a blood flow and/or perfusion in the treated area. 
The improved blood flow may be caused by activation of 
muscle pump and/or by the muscle necessity of more 
oxygen due to the at least partial contraction. Due to 
increased blood flow and/or local perfusion, the risk of 
overheated muscle is limited or even eliminated. Further the 
homogeneity of the thermal field induced by thermal effect 
of radiofrequency treatment may be significantly enhanced 
and/or the temperatures may be well-balanced/compensated 
in the target treatment area. Still another benefit is preven
tion of creation any hot spot caused by steep thermal 
gradient. 

Further the at least partial muscle contraction may 
improve the movement of lymphatic vessel and the lymph 
flow may be improved. 

Due to improved blood flow, perfusion and/or lymph flow 
the metabolism may be improved. Additionally, the effect of 
radiofrequency treatment may be enhanced by improved 
metabolism, e.g. cellulite treatment, body shaping and/or 
contouring, skin tightening or skin rejuvenation. Further 
benefit may be reducing or eliminating the risk of pannicu-
litis or local skin inflammation since any clustering of the 
treated adipocytes may be prevented by the improved 
metabolism. The improved blood and/or lymph flow may 
contribute the removing of the adipocytes. The removing of 
the adipocytes may be promoted by higher number of cells 
phagocytosing the adipocytes as well. Synergic effects of 
magnet and RF treatment significantly improves metabo-
lism. Therefore the possibility of adverse event occurrence 
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is limited and treatment results induced by the present 
invention are reached in shorter time period. 

18 

In the preferred application the RF and/or magnetic field 
may be modulated. In the most preferred application both 
stimulation signals are modulated. The magnetic stimulation 5 

may be modulated in the magnetic flux density domain, 
repetition rate domain, or impulse duration domain, to 
provide different treatment effects and to prevent adaptation 

area and an air. The bolus may profile the electromagnetic 
field to enhance the effect of the treatment. In still another 
approach an air gap may be between the applicator and the 
patient. 

A current value of an operation parameter, e.g. voltage, 
electric current or magnetic flux density, may be determined 
by measuring via a suitable sensor or by deriving from a 
value of voltage source, e.g. an energy storage device or 
power source. The currently determined operation parameter 
is processed by a mathematic and/or signal processing 
method. 

The treatment by magnetic and/or electromagnetic field 
may be in continuous or discrete modes. In one application 
the magnetic treatment may be applied in continual mode 
with no pauses and the electromagnetic treatment may be 
applied in pulsed mode to provide improved adipose tissue 
reduction caused by natural process and by the increased 
temperature. In another application the electromagnetic 

of the target biological structure. The radiofrequency treat
ment may be modulated in the frequency domain, intensity 10 

domain and/or time domain to reach the most complexity 
and/or efficiency of the target treated biological structure. 
The modulation in the time domain may be changing the 
active and passive periods of stimulation, e.g. the radiofre
quency treatment may include period with no stimulation, 15 

i.e. the radiofrequency treatment is not continual but the 
treatment is provided in pulses. The periods of no stimula
tion may vary and may be adjusted by the operator. Due to 
modulation during the treatment, different target biological 
structures may be treated in the different depth. 20 treatment may be applied continuously with no pauses and 

the magnetic treatment may be applied in pulsed mode to 
provide improved thermal reduction of adipose tissue and by 
improved metabolism due to improved blood flow. Both 

Using a pulse mode, the heat is local and typically limited 
to about 400 W. With the pulse mode, a high frequency field 
is applied in short intervals typically (50-2000 µs) and on 
various pulse frequencies (typically 50 to 1500 Hz). The 
maximum output with the continuous method is typically 25 

limited to 200 W. 

modes may be combined in various treatment sequences. 
In the preferred application the treatment is started at the 

moment when the target biological structure reaches the 
predetermined temperature. The temperature in the target 
tissue may be up to 80° C., more preferably in the range of 
37 to 60° C., even more preferably in the range of 40 to 45° 

The application may be contact or the preferred applica
tion of the invention the treatment may be applied contact
less. Contactless application may avoid all biocompatibility 
factors which may occur during contact treatment. In the 
most preferred application the treatment may be provided by 
self-operated device. Hence the continual surveillance and/ 
or control by the operator is not essential for correct and/or 
safe operation of the treatment device. Self-operated treat
ment may be provided by a hand-held applicator or the 
applicator may be fixed to stand-alone device. The self
operated treatment may be also enabled using various types 
of sensors in communication with the device for monitoring 
the treatment and/or the patient. The at least one sensor may 
be e.g. reactive sensor, electrochemical sensor, biosensor, 
biochemical sensor, temperature sensor, sorption sensor, pH 
sensor, voltage sensor, sensor for measuring distance of 
applicator from the patient surface and/or from the treated 
area, position sensor, motion detector, photo sensor, camera, 
sound detector, current sensor, sensor for measuring of 
specific human/animal tissue and/or any suitable sensors 
measuring biological parameters and/or combination thereof 
such as sensor for measuring dermal tensile forces, sensor 
for measuring the activity of the muscle, muscle contraction 
forces, tissue impedance or skin elasticity. 

Further the homogeneity of the treatment may be 
improved by several approaches. A first approach may be 
represented by a moveable applicator providing the dynamic 
treatment to a larger target area. The dynamic treatment 
improves the homogeneity of applied treatment energy and 
additionally due to larger area the effect is uniform and/or 
well balanced. Static positioning of the applicator may be 
used as well. Another approach of improving homogeneity 
may be represented by using a bolus. The bolus may provide 
improved transmittance of the electromagnetic energy to the 
treated biological structures. Additionally, the bolus may 
prevent occurrence of hot spots within the treated area; the 
bolus may provide constant temperature to the target treated 
surface area; or the bolus may increase the homogeneity of 
the radiofrequency waves application by providing a 
homogenous medium for electromagnetic waves propaga
tion not being influenced by the interface of the target treated 

30 C. The temperature may be adjusted based on the intended 
use, e.g. adipose tissue reduction, collagen production or 
muscle contraction. In an alternative application the 
intended use may be coagulation and/or ablation. The tem
perature in the target biological structure may be measured 

35 by invasive method, e.g. using an invasive probe; or by 
contact method, e.g. using thermocouple sensor; or by 
contactless method, e.g. using infrared sensor or camera. 
The temperature of the target biological structure may be 
determined by a mathematic method. The sensor for mea-

40 suring the temperature in the target biological structure may 
be attached to the applicator. 

A benefit of the application of magnet treatment and 
electromagnetic treatment may be causing an analgesic 
effect of the application and providing a possibility of 

45 treating a patient with higher sensitivity for thermal effects 
induced by electromagnetic treatment, i.e. patients with any 
predisposition inducing increased thermal sensitivity. The 
analgesic effect may be induced by magnet treatment by 
suitable repetition rates and it may be induced immediately 

50 during the magnet treatment. The analgesic effect may last 
up to several hours after magnet treatment. The magnetic 
flux density of the magnetic stimulation may preferably 
reach at least motor-threshold intensity inducing at least 
partial muscle contraction therefore the homogeneity of the 

55 thermal field is significantly enhanced. 
Another benefit of application the magnet treatment may 

be causing a myorelaxation effect. The magnet treatment 
may be applied on spastic muscle structures to relieve the 
hypertonus of the muscle and improving the blood and/or 

60 lymph flow. Therefore relieving the hypertoned muscle may 
contribute to the analgesic effect and contribute to the 
acceptability of the treatment by the patient. The blood 
and/or lymph flow may be limited in the spastic muscles and 
the metabolism may be limited as well, meaning that the risk 

65 of clustering the treated target structures may be higher and 
possible adverse events may occur. The recited risks may be 
eliminated by the used of magnet treatment. 
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The magnetic field may treat the target structure to cause 
at least partial muscle contraction proximate to the target 
structure to improve blood flow and provide homogenous 
temperature distribution at high quality after creating a 

5 temperature distribution at lower quality by radiofrequency 

In one aspect of the invention, the treatment by magnetic 
field may be applied to the target structure before the 
radiofrequency treatment to prepare the target structure for 
following treatment by radiofrequency field. The effect of 
magnet treatment is to induce at least partial muscle con
traction or to stimulate a muscle structure to increase a 
muscular tonus of the target structure. Both effects may 
provide a massage effect for the structure within the prox
imity of the target structure hence the blood and/or lymph 
circulation may be improved to promote local metabolism. 10 

The temperature may be locally increased by the improved 
blood flow and the target structure may accept the following 
radiofrequency treatment at significantly higher quality. 
Additionally, the collagen and/or elastin fibers may be 
remodeled or restored and/or its neogenesis may be 15 

improved to provide a younger, smoother and enhanced skin 
appearance. 

treatment. 
All of the methods may be provided by the above recited 

technical solutions. The above mentioned methods may be 
used separately or in any combination. 

Novel systems and methods have been described. The 
invention should be interpreted in the broadest sense, hence 
various changes and substitutions may be made of course 
without departing from the spirit and scope of the invention. 
The invention, therefore, should not be limited, except by 
the following claims and their equivalents. 

The invention claimed is: 
1. A method of treatment of a target biological structure of 

a patient using a treatment device which includes a connec-
Additionally, previous application may improve accept

ability of the electromagnetic field by increasing the tem
perature of the skin and the transmittance of the electro
magnetic field may be improved due to less value of skin 
impedance. Further the radiofrequency may penetrate 
deeper target structures relative to treatment without a 
preceding magnet treatment of the target structure and/or 

20 tion to an energy source, a high-frequency generator, a 
radiofrequency electrode, an energy storage device electri
cally connected to a switching device and a magnetic field 
generating device, comprising: 

area. 25 

Another benefit may be releasing the adipose tissue in the 
muscle by muscle contraction and/or by temperature 
increase causing better liquidity of adipose tissue. Still 
another benefit of the at least partial muscle contraction may 
be mechanical breaking large adipose tissue bulks into 30 

smaller bulks which may be easier metabolism of the 
adipose tissue and/or the smaller adipose tissue bulks may 
be removed faster by the lymphatic and/or blood flow. Due 
to improved metabolism and/or circulation the cellulite may 
be treated in a short time and the visual effect on skin 35 

appearance may be significantly enhanced. 
In another aspect of the invention, the treatment by 

magnetic field may be applied to the target structure simul
taneously with the radiofrequency treatment to improve 
effects of the electromagnetic treatment inducing heat in the 40 

target structure. 
The simultaneous application of magnet treatment and 

radiofrequency treatment may be in two modes: a first mode 
may generate the magnet impulses while radiofrequency 
treatment is active or another mode may generate radiofre- 45 

quency treatment while the magnet treatment is not in an 
active stimulation period, i.e. the period of magnet treatment 
and radiofrequency treatment alternates. Both modes 
amplify the resulting effect of the treatment. Therefore the 
results are achieved in significantly shorter time than the 50 

same results achieved by separate applications of the radio 
frequency and magnet treatments. 

The simultaneous method of magnet treatment and radiof
requency treatment of the target tissue may increase the peak 
magnetic component of the entire treatment resulting in 55 

improved heating of the target structure including containing 
higher water volume, e.g. skin. Due to increased temperature 
of skin, the production and/or remodeling of collagen and/or 
elastin fibers may be improved and the skin may be provided 
with a younger, smoother and enhanced appearance. The 60 

effect of overheating the muscle is reduced by the improved 
blood flow. 

In still another aspect of the invention, the treatment by 
magnetic field may be applied to the target structure after the 
treatment by electromagnetic field to enhance and/or con- 65 

tribute to the effects of radiofrequency treatment by influ
encing the target structure by magnetic field. 

a. charging the energy storage device from the energy 
source; 

b. providing energy from the energy storage device to the 
magnetic field generating device to generate a time
varying magnetic field; 

c. applying the time-varying magnetic field to the patient; 
d. providing energy from the energy source to the high

frequency generator in order to provide the energy to 
the radiofrequency electrode; 

e. generating radio frequency waves with a frequency of at 
least 1 MHz by the radiofrequency electrode; 

f. applying the radiofrequency waves to the patient; and 
g. heating the target biological structure by the radiofre

quency waves; 
h. wherein the magnetic field has a repetition rate in a 

range of 1 to 100 Hz; 
i. wherein a voltage drop between successive peak ampli

tudes in the energy storage device is up to 21 %. 
2. A method for treating a biological structure of a patient 

by a time-varying magnetic field and radiofrequency waves, 
comprising: 

a. providing energy from an energy source to an energy 
storage device and/or to a high-frequency generator; 

b. providing energy from the energy storage device to a 
magnetic field generating device in order to generate 
the time-varying magnetic field with a magnetic flux 
density in a range of 0.1 to 7 T, a repetition rate in a 
range of 1 to 700 Hz and with an impulse duration in 
a range of 10 to 900 µs; 

wherein the magnetic field generating device includes a 
conductor diameter less than 3 mm; 

c. providing energy from the high-frequency generator to 
a balun transformer in order to convert an unbalanced 
radiofrequency signal to a balanced radiofrequency 
signal and providing the balanced radiofrequency sig
nal to a transmatch in order to adjust an impedance of 
at least one radiofrequency electrode to correspond 
with an impedance of the biological structure of the 
patient; and 

d. generating radiofrequency waves with a frequency in a 
range of 1 MHz to 900 GHz and with energy up to 400 
W by the at least one radiofrequency electrode; 

e. applying the radiofrequency waves simultaneously with 
the time-varying magnetic field to the patient; and 
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f. remodeling a target biological structure by simultane
ous heating the biological structure and contracting a 
muscle of a target body area. 

3. The method of claim 2 wherein the magnetic field 
generating device includes a litz-wire. 

4. The method of claim 2 wherein a voltage drop between 
two successive peak amplitudes output from the energy 
storage device is not higher than 21 %. 

5. The method of claim 2 wherein the energy storage 
device is in a serial connection with the magnetic field 10 

generating device. 
6. The method of claim 2 further comprising directing a 

cooling media in a direction parallel to the magnetic field 
generating device. 

7. The method of claim 2 further comprising directing a 15 

cooling media over at least upper and lower sides of the 
magnetic field generating device. 

8. The method of claim 2 with the magnetic field gener
ating device including a blower for directing a cooling 
media and wherein the blower is on a circumference of the 20 

magnetic field generating device. 
9. The method of claim 2 further comprising operating the 

device including the magnetic field generating device in 
order to maintain a temperature of a casing of the magnetic 
field generating device up to 43° C. 

10. A method for treatment of a biological structure of a 
patient by a time-varying magnetic field and radiofrequency 
waves, comprising: 

25 

a. providing energy from an energy source to an energy 
storage device and/or to a high-frequency generator; 30 

b. providing energy from the energy storage device to a 
magnetic field generating device in order to generate 
the time-varying magnetic field; 

c. applying the time-varying magnetic field to the patient; 
d. providing energy from the high-frequency generator to 35 

a transmatch in order to adjust an impedance of a 
radiofrequency electrode to correspond with an imped
ance of a biological structure of the patient; 

e. generating the radiofrequency waves by the radiofre
quency electrode with a frequency of at least 1 MHz· 40 

e. applying the radiofrequency waves to the patient; and 
f. heating the biological structure by the radiofrequency 

waves. 
11. The method of claim 10 wherein the magnetic field 

generating device includes a litz-wire having a conductor 45 

diameter less than 3 mm. 
12. The method of claim 10 wherein a voltage drop 

between two successive peak amplitudes output from the 
energy storage device is not higher than 21 %. 

13. The method of claim 10 wherein the energy storage 50 

device is in a serial connection with the magnetic field 
generating device. 

14. The method of claim 10 wherein the magnetic field 
gene~a~ing device includes a litz-wire, further comprising 
prov1dmg energy from the high-frequency generator to a 55 

balun transformer in order to convert an unbalanced radiof
requency signal to a balanced radiofrequency signal. 

15. The method of claim 10 further comprising directing 

22 
18. The method of claim 10 further comprising operating 

a tr~atment device including the magnetic field generating 
device in order to maintain a temperature of a casing of the 
magnetic field generating device up to 43° C. 

19. A method for treating a biological structure of a 
patient by a time-varying magnetic field and radiofrequency 
waves comprising: 

a. providing energy from an energy source to an energy 
storage device and/or to a high-frequency generator; 

b. providing energy from the energy storage device to a 
magnetic field generating device in order to generate 
the time-varying magnetic field with a magnetic flux 
density in a range of 0.15 to 7 T, a repetition rate in a 
range of 1 to 700 Hz, and with an impulse duration in 
a range of 10 to 900 µs; 

c. providing energy from the high-frequency generator to 
a radiofrequency electrode in order to generate the 
radiofrequency waves with a frequency in a range of 1 
MHz to 900 GHz; 

d. applying the time-varying magnetic field to at least one 
body region including thighs, buttocks, abdomen, hips 
or arms of the patient in order to cause a muscle 
contraction and the radiofrequency waves heating the at 
least one body region of the patient; and 

e. using a signal from a sensor measuring a physical 
quantity including one or more of voltage, current, a 
phase shift, a magnetic flux density, a temperature, an 
electric field intensity, a distance or an impedance in 
order to adjust an output power applied to the patient. 

20. The method of claim 19 wherein the magnetic field 
generating device includes a conductor diameter less than 3 
mm. 

21. The method of claim 19 wherein the magnetic field 
generating device includes a litz-wire. 

22. The method of claim 19 wherein a voltage drop 
between two successive peak amplitudes output from the 
energy storage device is not higher than 21 %. 

23. The method of claim 19 wherein the energy storage 
device is in a serial connection with the magnetic field 
generating device. 

24. The method of claim 19 further comprising directing 
a cooling media in a direction parallel to the magnetic field 
generating device. 

25. The method of claim 19 further comprising directing 
a cooling media by a blower on a circumference of the 
magnetic field generating device. 

26. The method of claim 19 further comprising operating 
a treatment device including the magnetic field generating 
device to maintain a temperature of a casing of the magnetic 
field generating device up to 43° C. 

27. The method of claim 19 wherein the sensor is in a 
treatment device including the magnetic field generating 
device and/or the radiofrequency electrode. 

28. The method of claim 19 further comprising causing a 
repeated muscle contraction. 

29. The method of claim 19 further comprising applying 
the radiofrequency waves with energy up to 400 W. 

30. The method of claim 19 further comprising providing 
energy from the high-frequency generator to a balun trans-a cooling media in a direction parallel to the magnetic field 

generating device. 
16. The method of claim 10 further comprising directing 

a cooling media over at least upper and lower sides of the 
magnetic field generating device. 

17. The method of claim 10 further comprising directing 

60 f?rmer in order to convert an unbalanced radiofrequency 
signal to a balanced radiofrequency signal and providing the 
balanced radiofrequency signal to a transmatch in order to 
adjust an impedance of a radiofrequency electrode to cor
respond with an impedance of the biological structure of the 

a cooling media on a circumference of the magnetic field 65 

generating device. 

patient. 

* * * * * 
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