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AESTHETIC METHOD OF BIOLOGICAL
STRUCTURE TREATMENT BY MAGNETIC
FIELD
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FIELD OF THE INVENTION

The present invention generally relates to device and
methods using the influence of magnetic and induced elec-
tric field on biological structure. The magnetic field is
time-varying and high powered therefore the method is
based on a value of magnetic flux density sufficient to induce
at least muscle contraction. The invention proposes further
to combine the magnetic field with radiofrequency, light,
mechanical or pressure source in order to provide an appa-
ratus for improved treatment.

BACKGROUND OF THE INVENTION

Aesthetic medicine includes all treatments resulting in
enhancing a visual appearance and satisfaction of the

10

15

20

25

30

35

40

45

50

55

60

65

2

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.

The most common methods used for non-invasive aes-
thetic applications are based on application of mechanical
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
of applications using electromagnetic waves is based espe-
cially on heat production in the biological structure. How-
ever the currently used treatment methods are used sepa-
rately.

A mechanical treatment using mechanical waves and/or
pressure were used for treatment of cellulite or adipose cells.
However, mechanical treatment includes several drawbacks
such as risk of a panniculitis and/or non-homogenous result.

A thermal treatment is applied to the patient for enhancing
a visual appearance of the skin by e.g. increasing production
of collagen and/or elastin, smoothing the skin or reduction
of cellulite and/or adipose cell. However, thermal treatment
includes several drawbacks such as risk of overheating a
patient or even causing a thermal damage to the patient, risk
of a panniculitis and/or non-homogenous result.

The mechanical and/or the thermal treatment is not able to
provide enhanced visual appearance of a muscle, e.g. muscle
shaping, toning and/or volumization effect. Mechanical
treatment and/or the thermal treatment includes several
drawbacks such as risk of a panniculitis, non-homogenous
result and others.

Current magnetic methods are limited in key parameters
which do not allow satisfactory enhancement of visual
appearance. As a result, new methods are needed to enhance
the visual appearance of the patient.

Existing devices have low efficiency and they waste
energy, which limits their use. Eddy currents induced within
the magnetic field generating device create engineering
challenges. Existing devices contain magnetic field gener-
ating devices which are made of metallic strips, electric
wires or hollow conductors. Since the therapy requires large
currents, significant losses are caused by induced eddy
currents within the magnetic field generating device. Eddy
currents lead to production of unwanted heat and therefore
there is need to sufficiently cool the magnetic field gener-
ating device. Also, the energy source must be protected
during reverse polarity of resonance. This requires using
protective circuits which consume significant amounts of
energy. Skin tissue is composed of three basic elements:
epidermis, dermis and hypodermis or so called subcutis. The
outer and also the thinnest layer of skin is the epidermis. The
dermis consists of collagen, elastic tissue and reticular
fibers. 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 adipose cells create lobules
which are bounded by connective tissue, fibrous septa (reti-
naculum 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
and visceral peritoneum, closely below muscle fibers adjoin-
ing the hypodermis layer.

The currently used aesthetic applications don’t provide
any treatment combining the effect of time-varying magnetic
field treatment and an auxiliary treatment method, e.g.
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treatment by thermal treatment and/or mechanical treatment.
The currently used thermal treatment includes many adverse
events such as non-homogenous temperature distribution,
panniculitis, insufficient blood and/or lymph flow during
and/or after the treatment. Additionally several adverse
event such as panniculitis may occur after the treatment.
Further the treatment may be painful so that a topical
anesthetic is recommended.

The development of new aesthetic treatment methods
providing improved results in shorter time periods is needed.

SUMMARY OF THE INVENTION

The treatment methods and devices as described below
produce a time varying magnetic field for patient treatment
which better optimizes energy use, increases the effective-
ness of the treatments and provide a new treatment. The
magnetic impulses may be generated in monophasic, bipha-
sic or polyphasic regimes. In a first aspect, the device has
one or more magnetic field generating devices; a switch; an
energy storage device and a connection to an energy source.
The magnetic field generating device may be made of wires,
more preferably individually insulated wires wherein a
conductor diameter is less than 20 mm, preferably less than
10 mm, more preferably less than 3 mm, even more pref-
erably less than 0.5 mm and the most preferably less than
0.05 mm. Smaller diameter and individual insulation of the
wires significantly reduces self-heating of the magnetic field
generating device and therefore increase efficiency of mag-
netic treatment device. The magnetic field generating device
may be flexibly attached in a casing of device. The casing
may comprise a blower or blowers which ensure cooling of
the magnetic field generating device.

The present methods provide new aesthetic applications
for focused remodeling of the patient’s body. The magnetic
field generating device of the magnetic treatment device
may be flexibly attached to casing of the device. The blower
or blowers may be arranged to blow air on both sides of
magnetic field generating device. Optionally, the magnetic
field generating device may be a flat type magnetic field
generating device.

The new magnetic treatment methods may improve a
muscle of the patient. Further the new magnetic treatment
method enables improved treatment results. Alternatively
the magnetic treatment may provide pain relief and/or
myorelaxation effect to the patient.

The method of treating a biological structure uses a
combination of non-invasive methods for enhancing human
appearance. The invention utilizes electromagnetic field.
Methods may be used for targeted remodeling of adipose
tissue, focused treatment of cellulite, body contouring, skin
tightening or skin rejuvenation. The invention relates to
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 magnetic treatment.

The time-varying magnetic field induces the muscle con-
traction at higher repetition rates and the contraction is
stronger. The treatment ma be more efficient for reducing the
number and/or volume of adipocytes and enhancing the
visual appearance of the treated body region via targeted
muscle contraction. Further the temperature homogeneity of
is improved. Additionally, strong muscle contractions at
higher repetition rates cause mechanical movement of all the
layers in proximity of the contracted muscle. The methods
therefore cause remodeling and/or neogenesis of the colla-
gen and elastin fibers.
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The methods enable new treatments by magnetic and/or
electromagnetic field. The repetition rate of the magnetic
field is in the range of 1 to 300 Hz with high magnetic flux
density up to 7 Tesla (equivalent to 70000 Gauss). The
frequency of the electromagnetic field is 13.56 or 40.68 or
27.12 MHz or 2.45 GHz.

On the other hand, a combination with a magnetic treat-
ment method may enhance the visual appearance of the
muscle and/or other soft tissue such as skin or adipose tissue,
including increase of apoptotic index.

The methods enable combined treatment using different
treatment methods such as magnetic and/or auxiliary treat-
ment methods. The combination of different treatment meth-
ods provide a complex treatment method for focused treat-
ment of a treated body region.

The present methods provide combined treatment using
influence of magnetic treatment and mechanical treatment
by shock waves, ultrasound waves, acoustic waves and/or
pressure application. The mechanical treatment may induce
mechanical damage to the treated biological structure and/or
tissues. Ultrasound waves may heat adipose cells, dermis,
hypodermis or other target biological structure. Ultrasound
waves may also induce a cavitation.

The present methods and devices may include a handheld
applicator, for manual and precise treatment of tissue, par-
ticularly of uneven areas, and scanning unit providing auto-
mated or manual positioning of the optical spot created by
the optical waves (for example light) on the tissue of a
subject for homogenous treatment of large areas of tissue. In
some embodiments, the handheld applicator may be con-
nected to the scanning unit by an attaching mechanism
which in turn provides the handheld applicator with optical
treatment. The handheld applicator may apply optical waves
onto the tissue of the subject to be scanned during treatment.

Present method and devices may also include sensors
configured to measure various parameters of the scanning
unit and the subject tissue. Based on the information from
the at least one sensor a controller connected to scanning
unit may change parameters of the optical treatment system
and method, including but not limited to the optical output,
the duration of treatment, the optical spot size or shape, the
scanning speed or direction of movement of the optical spot,
the wavelength or wavelengths of the optical waves, the
frequency, or optical flux density. Such a change may
provide more homogenous treatment or may protect the
patient from discomfort or harm.

The present method provides combined treatment using
magnetic treatment and thermal treatment. A combination of
heating/cooling may cause an increase in apoptotic index,
increase in muscle thickness, apoptosis and/or necrosis of
the target biological structure such as adipose cells. Remod-
eling of the target biological structure is more significant and
treatment duration is reduced. Potential risks for the patient
associated with single treatment methods are avoided. Fur-
ther the side effects such as swelling and/or inflammation are
reduced and/or eliminated.

Although methods of the present invention may be
described herein as a sequence of steps in a particular order,
it is understood that, unless explicitly stated otherwise, the
steps of any methods of the present invention may alterna-
tively be performed in a different order. In some embodi-
ments, some or all of the steps of a method of the present
invention may be repeated.

Glossary

As used herein, “auxiliary treatment” refers to an addi-
tional treatment other than treatment via time-varying mag-



US 10,695,576 B2

5

netic field. Examples of auxiliary treatments include, but are
not limited to, application of mechanical waves, e.g. acous-
tic wave, ultrasound or shock wave therapy; or electromag-
netic waves, e.g. radiofrequency or diathermy treatment or
light treatment, such as intense pulsed light or laser treat-
ment; or mechanical treatment, e.g. positive or negative
pressure, rollerball, massage etc.; or thermal treatment, e.g.
cryotherapy; or electrotherapy method; or mesotherapy
methods and/or any combination thereof. Auxiliary treat-
ments may be invasive or non-invasive, or may include a
combination of invasive and non-invasive treatment steps.

Individual embodiments of an auxiliary treatment may be
used interchangeably herein in exemplary embodiments.
Unless explicitly stated otherwise, any exemplary embodi-
ment referring to one auxiliary treatment should be treated
as a disclosure of an exemplary embodiment referring to any
of the listed auxiliary treatments.

Thermal treatment refers to treatment by heating or cool-
ing, e.g. a cryotherapy treatment.

Mechanical treatment refers to treatment methods using
applying a pressure such as positive or negative; applying
mechanical waves such as shock waves, ultrasound waves or
vibration.

Biological structure is at least one neuron, neuromuscular
plate, muscle fiber, adipose cell or tissue, 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-
marks, breast lifting, buttock lifting, buttock rounding, but-
tock firming, lip enhancement, treatment of vascular or
pigmented lesions of the skin or hair removing.

Body region includes muscle or muscle group, buttock,
saddlebag, love handle, abdomen, hip, leg, calf, thigh, arm,
limb, face or chin and/or any other tissue.

Muscle includes at least one of muscle fiber, muscle tissue
or group, neuromuscular plate or nerve innervating the at
least one muscle fiber.

Deep muscle refers to a muscle that is at least partly below
superficial muscles and/or to the muscle that is covered by
the thick layer of other tissue, e.g. mostly adipose tissue
and/or the skin, with thickness 0.5, 1, 2, 3, 4, 5 or more
centimeters.

Adipose tissue refers to at least one lipid rich cell, e.g.
adipocyte.

Bolus refers to a layer of fluid material, e.g. water or fluid
solution of ceramic particles, preferably enclosed in a flex-
ible sac made of biocompatible material.

Impulse refers to a single magnetic stimulus, i.e. gener-
ating/applying of magnetic field. It is a time duration when
the switch is on.

Pulse refers to a period of treatment consisted of one
magnetic stimulus and time duration of no stimulation, i.e.
time duration between two impulses from rise/fall edge to
next rise/fall edge; it equals a time period between two
switching on/off the switch.

Repetition rate refers to frequency of firing the pulses; it
is derived from the time duration of a pulse. It equals to a
frequency of switching the switch on.

Combined treatment refers to a combination of at least
two different treatment methods, e.g. application of mag-
netic field and one or more auxiliary treatments, application
of magnetic field and thermal treatment, application of

20

35

40

45

55

60

6

magnetic field and mechanical treatment, or application of
magnetic field with thermal treatment and mechanical treat-
ment.

Hardware panel refers to at least one hardware component
used for controlling the optical and/or magnetic treatment.
The hardware panel includes at least one of input interface
for inputting treatment parameters by an operator and pro-
cessing unit for controlling the optical and/or magnetic
treatment.

Optical waves refer to UV radiation, visible light, IR
radiation, far IR radiation. Further optical waves may be
coherent and/or non-coherent, monochromatic or polychro-
matic.

Optical waves generating device refers to laser or laser
diode, light emitting diode (LED), electric discharge source,
incandescent source, fluorescent source, luminescent source,
electroluminescent source etc.

Optical treatment parameter refers but not limited to the
optical output, treatment duration, optical spot size and
shape, scanning speed, direction of the movement of the
optical spot, treatment pattern, a wavelength or wavelengths
of the optical radiation, the frequency energy flux or the
distance between the subject tissue and the scanning unit or
handheld applicator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section view of a magnetic field
generating device winding.

FIG. 2 is a cross-section of a magnetic applicator.

FIG. 3a-e illustrate exemplary embodiment of an appli-
cator.

FIG. 4a-4c illustrates a positioning arm

FIGS. 5a and 56 illustrate circuits for providing high
power pulses to a stimulating magnetic field generating
device.

FIG. 6 illustrates dimensions of a magnetic field gener-
ating device.

FIG. 7 is a graph showing voltage drop in the energy
storage device.

FIG. 8 illustrates an exemplary treatment duty cycle.

FIG. 9 is a diagram of a biological effect.

FIGS. 10a and 104 illustrate diagrams of a treatment
device and/or an applicator providing magnetic and/or
mechanical treatment.

FIGS. 11a and 115 illustrate diagrams of a treatment
device and/or an applicator providing magnetic and/or ther-
mal treatment.

FIG. 12 illustrates an exemplary embodiment of a treat-
ment device including two circuits generating independent
magnetic fields.

FIG. 13 illustrates an exemplary trapezoidal envelope.

FIG. 14 illustrates types of muscle contraction.

FIG. 15 illustrate exemplary applications for buttock
treatment.

FIG. 16 illustrates an exemplary application for abdomen
treatment.

FIG. 17 illustrates a combined treatment administered by
two separate devices.

FIGS. 18a and 185 illustrate a combined treatment admin-
istered by one device including a plurality of applicators
comprising magnetic field generating device or optical
waves generating device.

FIGS. 194 and 195 illustrate a combined treatment by one
device including one applicator comprising at least one
magnetic field generating device and at least one optical
waves generating device.
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FIGS. 20a and 2054 illustrate a combined treatment with
optical waves generating device powered by magnetic field
generated by magnetic field generating device.

FIG. 21 illustrates a diagram of an exemplary device.

FIGS. 22a and 225 illustrate exemplary handheld appli-
cators.

FIG. 23a illustrates a handheld applicator disconnected
from a scanning unit.

FIG. 235 illustrates a handheld applicator connected to a
scanning unit.

FIG. 24 illustrates examples of treatment patterns.

FIGS. 254 and 255 illustrate examples of a treatment area
and treatment pattern.

FIGS. 264a-26¢ illustrate examples of energy distribution.

FIG. 27 illustrates an example of device using negative
pressure.

FIGS. 28a and 286 illustrate a detail of a stimulation
signal with increasing envelope.

FIGS. 29a and 295 illustrate a detail of a stimulation
signal with increasing envelope.

FIGS. 30a and 305 illustrate a detail of a stimulation
signal with increasing envelope.

DETAILED DESCRIPTION

It is to be understood that the figures and descriptions of
the present invention have been simplified to illustrate
elements that are relevant for a clear understanding of the
present invention, while eliminating, for the purpose of
clarity, many other elements found in related systems and
methods. Those of ordinary skill in the art may recognize
that other elements and/or steps are desirable and/or required
in implementing the present invention. However, because
such elements and steps are well known in the art, and
because they do not facilitate a better understanding of the
present invention, a discussion of such elements and steps is
not provided herein. The disclosure herein is directed to all
such variations and modifications to such elements and
methods known to those skilled in the art.

The magnetic treatment device may include at least one
magnetic field generating device. Alternatively the magnetic
treatment device may include a plurality of the magnetic
field generating devices. The at least one applicator may
include at least one magnetic field generating device. Alter-
natively at least one applicator may include the plurality of
the magnetic field generating devices.

Using a plurality of magnetic field generating devices
provdies faster treatment. Large and/or different areas may
be treated in shorter time. Using a plurality of applicators
allows different areas and/or target biological structures to
be stimulated at the same time. The movement of the at least
one applicator may automatically follow a predetermined
trajectory. Hence manual manipulation is not needed. Fur-
thermore the shape of the generated magnetic field may be
adjusted by an operator.

FIG. 1 illustrates a cross section of winding of a magnetic
field generating device for a magnetic treatment device. The
magnetic field generating device may be constructed from
litz-wire, wherein each wire is insulated separately. Each
individual conductor is coated with non-conductive material
so the magnetic field generating device constitutes multiple
insulated wires. Unlike existing magnetic field generating
device conductors, the present magnetic field generating
device 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 sepa-
rately is a substantial improvement, since this leads to a
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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 of wires significantly
reduces self-heating of the magnetic field generating device
and therefore increases efficiency of the present magnetic
treatment device.

#%-B5-d*- f* Eq. 1

Peppy = 6k pD

where: P,y is power loss per unit mass (W-kg™); B,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 (2'm); D is the density of
material (kg-m®).

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 magnetic field generating device,
which will serve as a magnetic field generator. The magnetic
field generating device provides an improvement in the
efficiency of energy transfer in the L.C resonant circuit and
also reduces or eliminates unwanted thermal effects.

The magnetic field generating device may have a planar
magnetic field generating device shape where the individu-
ally insulated wires may have cross-section wires with
conductor diameter less than 20, 10, 5, 3, 1, 0.5 or 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 magnetic field generating device and the elec-
trical resistance. Therefore the ohmic part of the heat is then
lower. Eq. 2 describes power loss of the magnetic field
generating device:

I Eq. 2

Where: P is the power loss heat dissipation (W); p is the
resistance (€2'm); 1 is the length of wire (m); S is the surface
area (m?); 1 is the current (A) and m is 1 kg of wire material.

Total power loss is (Eq. 3):

Pror=Peppy+FPr, Eq. 3

Where: P, is the total power losses (W-kg™'); P,y is
the power dissipation of eddy currents (W-kg™'); P, is the
power loss heat dissipation (W-kg™').

Dynamic forces produced by current pulses passing
through the wires of the magnetic field generating device
cause vibrations and unwanted noise. The individual insu-
lated wires of the magnetic field generating device 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
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
magnetic field generating device provided as a solid mass,
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the vibrations and resonance caused by movements of the
individual insulated wires are suppressed. Therefore noise is
reduced.

The magnetic field generating device may be attached to
the case of the applicator, such as a hand held applicator of
the magnetic treatment device; build-in applicator in e.g.
chair, bed; or stand-alone applicator e.g. on mechanical
fixture. The hand held applicator may include a display unit
for controlling the magnetic treatment device. Alternatively
the display unit may display treatment parameters such as a
repetition rate, a magnetic flux density or lapsed time of the
treatment. The magnetic treatment device may preferably
include a human machine interface (HMI) for displaying
and/or adjusting the treatment parameters. The HMI may
include at least one button, knob, slide control, pointer or
keyboard. Alternatively the HMI may include a touchscreen,
an audio-visual input/output device such as PC including
display unit, an input unit and/or a graphical user interface.

The mechanical fixture may be rigid with the applicator
hanging on the rigid mechanical fixture. Alternatively the
mechanical fixture may be articulated. The mechanical fix-
ture may include at least one joint to enable tailor made
position of the applicator. The attachment may be provided
by an elastic material e.g., silicone, gum; or other flexible
manner. Connection with the magnetic field generating
device of the applicator’s casing may be ensured by several
points. The several fastening points ensure the connection of
the magnetic field generating device to the casing by flexible
material so that the main part of the magnetic field gener-
ating device 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. Alternatively the spacing may be at least
1 mm, most preferably at least 5 mm to enable cooling media
flow. The gap between the magnetic field generating device
and the casing can be used either for spontaneous or con-
trolled cooling. The magnetic field generating device may
optionally be connected to the case of the applicator by only
one fastening point. The fastening points eliminate vibra-
tions of wires which could be transferred to casing of the
applicator and therefore reduce noise of the magnetic treat-
ment device.

FIG. 2 is a cross-section of the magnetic applicator which
allows better flow on the lower and upper sides of the
magnetic field generating device and thus more efficient heat
dissipation. The magnetic treatment device includes a mag-
netic field generating device 1, the circuit wires 2 and the
fastening points 3 for connection of the magnetic field
generating device to the casing of the applicator (not
shown). The fastening points 3 are preferably made of
flexible material however the rigid material may be used as
well. The fastening points 3 may be located on the outer
circumferential side of the magnetic field generating device.
However, alternatively it is possible to put these fastening
points to a lower or upper side of the magnetic field
generating device.

The fastening points 3 connect the magnetic field gener-
ating device to the case of the applicator in at least one point.
The fastening points 3 maintain the magnetic field generat-
ing device 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 4 can be placed
around the circumference of the magnetic field generating
device, or perpendicular to the magnetic field generating
device. The blower can be any known kind of device for
directing the fluid e.g. outer air directed into the case of the
applicator. The blower may be e.g. a fan or a suction pump.
This arrangement of the blower allows air to bypass the
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magnetic field generating device 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 mag-
netic field generating device for injecting air, to remove heat
from the magnetic field generating device. A connecting
tube (not shown) can ensure connection of the applicator 5
with the energy source and/or control unit of magnetic
treatment device. The connecting tube may also contain a
conduit of the fluid, e.g. a pressurized air.

Alternatively the magnetic field generating device may be
attached to the casing of the applicator via a circular rigid
member encircling the magnetic field generating device. The
outer circumference of the circular rigid member may be
attached to the casing of the applicator. The magnetic field
generating device may be flexibly attached to the inner
circumference of the circular rigid member by at least one
attaching point. Alternatively the magnetic field generating
device may be attached to the circular member by its entire
circumference.

The arrows 6 indicate the air flow through the applicator
5. This arrangement of the blower allows the air to bypass
the magnetic field generating device from upper and lower
(patient’s) side. Outlet may be preferably placed on upper
side of the casing. The outlet may include a plurality of holes
enabling unimpeded removing of heated cooling media from
the casing of the applicator. By placing the blower around
the circumference of the magnetic field generating device
instead of on the top/below the magnetic field generating
device, the blower 4 does not interfere with the magnetic
flux peak and therefore its lifespan and reliability is
increased.

FIG. 3a is an illustrative embodiment of a casing of the
magnetic applicator. The overview drawing contains casing
itself 7, which might contain an outlet 8 preferably placed on
upper side of the casing 7. The applicator may further
include a handle 49 on the upper side of the casing. The
handle 47 may be used for manual positioning the applicator.
A connecting tube 9 may not only ensure connection of the
applicator with the energy source and/or control unit of
magnetic treatment device, but also connection to a source
of the fluid; however the conduit of the fluid 10 may also be
connected separately.

The connection tube 9 may include a connector for
connecting the applicator to the treatment device. The con-
nector may be connected to the connecting tube 9 either on
its first end between the connecting tube and the casing 7 of
the applicator or the second end between the connecting tube
and the treatment device. The applicator including the coil
may be preferably connected to the magnetic treatment
device by the connector independently on the positioning
arm. The connector may be any kind of electromechanical
connector providing electrical communication of the appli-
cator to the treatment device. Mechanical connection may be
provided by additional latching mechanism known in the art.
The applicator may be replaced by another applicator. Each
applicator may include unique identifier of the applicator for
communication with the control unit of the treatment device.
The communication may be via NFC, RFID, ZigBee, IRDC,
Bluetooth or wired communication. Alternatively the appli-
cator may include a mechanical identifier such as a specific
combination of a plurality of pins in a pattern.

In an alternative embodiment cooling may be provided by
a member using thermoelectric effect, e.g. a Peltier cooler.
Alternatively, cooling may be provided by Stirling engine
cooling system.
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FIG. 35 illustrates a side view of an exemplary embodi-
ment of concave applicator. The applicator of concave shape
includes a handling member 49 as a concavity 50 of the
applicator. The concavity may enable inserting a positioning
member such as a length adjustable belt. The handling
member 49 may be also used for manual positioning of the
applicator. The handling member 49 may be preferably is a
center of the applicator.

FIG. 3c illustrates a top view of the concave applicator.
The applicator may preferably include a marker 51 above
the center of the magnetic field generating device. The
marker 51 may enable comfortable positioning the applica-
tor by the operator. The marker may be a recess in a surface
of the casing. Alternatively the marker may be different
surface cover. Alternatively the upper side of the casing may
include two colors. One color may be over the magnetic field
generating device to enable correct positioning of the appli-
cator. The rest of the applicator may be of different color.
The color may be interpreted as a paint reflecting a specific
wavelength and/or spectra.

The applicator may be made of biocompatible material
enabling high hygiene standard, e.g. a fluidly sterilizable
plastic.

Alternatively the applicator may be adapted to fit a body
region of the patient including a leg, arm, buttock or
abdomen. The applicator may be shaped to correspond with
the patient’s body region such as a limb. The shape may
include a concavity for maintaining the body region in the
correct treatment location. The body region applicator,
herein after referred to as a BR applicator, may be of a
plurality of sizes configured to fit the patient’s body region
following the patient’s needs.

The BR applicator may include a first portion on the
patient’s side, i.e. the first portion may be in a contact with
the patient. The BR applicator may include a second portion
on a side opposite to the first portion, i.e. the second portion
may be farther from the patient than the first portion.

FIGS. 3d and 3e illustrate an exemplary embodiment of
the BR applicator 700 used for a limb. The first side portion
701 may be at least partially concave. The first side portion
701 may be V-shaped or preferably U-shaped. A curvature
radius of the first side portion 701 may be at least 1 mm,
preferably in a range of 10 to 750 mm, more preferably in
the range of 50 to 500 mm, most preferably in the range of
60 to 250 mm or up to 1 m. The curvature radius may
correspond with a size of a limb. The first side portion 701
being at least partially concave may be a part of a total
curvature of oval or circular shape. The first side portion
may be at least 5° section of the total curvature, the section
may be preferably in a range of 10 to 270°, more preferably
in the range of 30 to 235°, even more preferably in the range
of'45 to 180°, most preferably in the range of 60 to 135°. The
first side portion may be configured to maintain the limb
within the first side portion during the treatment. The first
side portion may provide a stable equilibrium for the treated
body region. The limb of the patient may be maintained in
the first side portion even though the limb may move by the
muscle contractions. The lateral movement and/or rotation
of'a limb may be limited due to the first side portion and the
limb may be in stable position. The rotation movement with
respect to the BR applicator may be limited by attaching the
BR applicator to the body region.

The second side portion 702 may be preferably on the
opposite side of the BR applicator 700 with respect to the
first side portion 701. The second side portion 702 may be
substantially planar. The second side portion may be con-
figured to maintain the applicator on the patient support
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which the patient may lay on during the treatment. In an
exemplary embodiment the second side portion may include
a positioning mechanism for manual adjusting a position of
the magnetic field generating device within the BR appli-
cator.

The BR applicator 700 may be attached to the patient by
a positioning mechanism such as a length adjustable belt
which may be flexible. In exemplary embodiment the length
adjustable belt may be fixed in a recess/cutout 703 at first
end 704 of the first side portion 701. Second end 705 of the
first side portion 701 may include a recess 706 and a clip
mechanism for fixing the length adjustable member in the
recess 706. The clip 707 may move around the pin 708 in a
clockwise or counterclockwise direction. The clip may be
biased by a spring. Alternatively the clip may be locked by
a suitable locking mechanism, or by any other movement
restraining manner. The clip may include a fastener 709 on
lower side of the clip for fixing a correct length of the length
adjustable member. The fastener may be hook-and-loop
fastener, e.g. Velcro fastener, pin type etc.

In an alternative embodiment the BR applicator may
include a counterpart to the part including the magnetic field
generating device. The at least one counterpart may be
configured to maintain the limb applicator in static position
with respect to the body region. The counterpart may be
preferably placed on the opposite side of the body region.
The counterpart may be attached to the part including the
magnetic field generating device by a flexible member or a
length adjustable belt. Alternatively the counterpart may be
attached by a hinge. Alternatively the counterpart may be
attached to the BR applicator by a suitable locking mecha-
nism, e.g. clip, spring clip, pin-type etc. The counterpart and
the part including the magnetic field generating device may
preferably at least partially encircle the limb.

An exemplary application may be limb treatment. The
limb applicator may be placed around entire circumference
of the limb.

According to an exemplary application m. triceps brachii
may be treated by the time-varying magnetic field. The
patient may lay in supine position on a patient support such
as a bed, a couch or a chair. An arm of the patient may be
set into the concavity of the applicator including the mag-
netic field generating device, i.e. to the first side portion 701.
The second side portion 702 may be in contact with the
patient support. The time-varying magnetic field may be
applied to the muscle and/or to the nerve innervating the
muscle. The time-varying magnetic field may be applied to
the arm with a magnetic flux density and/or a maximum
value of the magnetic flux density derivative sufficient to
cause a contraction of the muscle within the arm. The
applicator may be attached to the limb of the patient by a
length adjustable member such as a belt. The potential
energy of the treated body region may be maintained at
minimum.

According to another exemplary application m. biceps
brachii may be treated by the time-varying magnetic field.
The patient may lay in supine position on the patient
support. The arm may be preferably in supine position. The
applicator may be placed within proximity of the patient’s
arm, preferably within close proximity of the muscle. Alter-
natively the patient may sit on the patient support such as
chair with arm resting on armrest of the patient support. The
arm may be bent in the elbow in order to enable correct
treatment of the particular muscle. The applicator may be
attached to the arm as well.

The limb applicator may be used for treatment of leg as
well. According to another exemplary application the patient
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may lay in prone position on the patient support and the limb
applicator may be placed over the leg of the patient, such as
over a calf or thigh. Alternatively the patient may lay in
supine position on the patient support and the limb appli-
cator may be placed below the leg of the patient, i.e. the leg
may lay on the limb applicator. Alternatively the patient may
have bent knee with limb applicator on the treated body
region. Alternatively the thigh may be in vertical position
and the calf may be in horizontal position.

The magnetic field generating device may correspond
with a shape of the applicator. The magnetic field generating
device may not be planar. The magnetic field generating
device may be conical, convex and/or concave, e.g. bicon-
vex, plano-convex, positive meniscus, negative meniscus,
planoconcave or biconcave. The non-planar shape of the
magnetic field generating device may enable larger cooling
surface and the cooling may be more efficient. Further the
non-planar shape may enable shifting the peak of the mag-
netic field closer/farther to/from the patient or the profile of
the magnetic field may be adjusted by the non-planar shape
of the magnetic field generating device. The treatment by
non-planar magnetic field generating device may be more
efficient compared to treatment by planar magnetic field
generating device. The magnetic flux density, generated by
the magnetic field generating device, sufficient for causing
muscle contraction might be of lower value compared to
planar coil. Heat dissipation may be enhanced by the larger
surface cooled by a cooling media. The power consumption
may be lower.

A static position of the at least one applicator may be
provided by a positioning member. The positioning member
may be e.g. an arm or an adjustable flexible belt. The
positioning member may ensure tight attachment of the
applicator within the proximity of the body region, or
alternatively, direct contact with the patient. The direct
contact with the patient may include direct contact with the
skin of the patient, i.e. the applicator including the magnetic
field generating device touching the patient’s skin or the
applicator contacting the patient’s skin through a garment or
any spacing object. Alternatively, the positioning member
may hold the applicator including the magnetic field gener-
ating device in no contact with patient’s skin.

The positioning member may include a buckle for adjust-
ing the length of the belt. The applicator may be placed
within predefined locations of the belt. Alternatively the
applicator may be shaped to be moveable along the posi-
tioning member, e.g. the shape of the applicator may be
preferably concave, e.g. V-shaped or U-shaped. The posi-
tioning member may be inserted itself into the concavity of
the applicator. The position of the applicator may be
adjusted by limited movement along the positioning mem-
ber because the positioning member may be used as guiding
member. However, the applicator may not be fixed to a
particular static position. The position of the applicator may
be dynamically adjusted during the treatment following the
patient’s needs. The position of the applicator may be
adjusted manually by the operator, or automatically by the
treatment device. In one exemplary embodiment a plurality
of applicators may be used for treating larger body regions,
e.g. buttock, abdomen or thigh, or pair muscles.

The positioning arm may include a plurality of moveable
members which may be articulated. A motion of the at least
one moveable member may be translational and/or rota-
tional. The positioning arm may include at least on joint
providing at least one degree of freedom for the positioning
arm. In more preferred embodiment the positioning arm
includes a plurality of degrees of freedom, e.g. two, three or
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more. An example of such positioning arm may be an open
kinematic chain including at least two, more preferably four,
even more preferably six degrees of freedom. A fixed frame
of the open kinematic chain may be a body of the magnetic
treatment device. An endpoint of the kinematic chain may be
an applicator and/or a magnetic field generating device.

FIG. 4a illustrates an exemplary embodiment of the
treatment device 11 including a positioning arm 12 for
positioning the applicator (not shown). The treatment device
11 may include wheels 14 for moving the treatment device.
The wheels may be propelled. A plurality of the wheels may
be preferably outside of a floor projection of the body of the
treatment device in order to provide improved stability of
the treatment device.

FIG. 45 illustrates the positioning arm 12 including move-
able links 15 connected by joints 16 enabling two, four most
preferably six degrees of freedom. Three of these joints may
be locked by a locking mechanism such as a screw mecha-
nism. The positioning arm may include a support member
for attaching the connecting tube to the positioning arm. The
support member may maintain the connecting tube in par-
allel direction with respect to the positioning arm.

The positioning arm 12 is attached to the treatment device
11 at first end of the positioning arm 17 (not shown). In an
exemplary embodiment the positioning arm is attached to a
circumferential side of the treatment device.

The positioning arm further includes a hollow sleeve 18
at the second end 19. The sleeve 18 includes a gap 20 for
removably attaching the applicator 13 to the positioning arm
12.

The positioning arm may include a member for guiding
the connecting tube.

FIG. 4c¢ illustrates an applicator 13 which may be remov-
ably attached to the positioning arm 12. The connection of
the applicator 13 to the positioning arm is enabled by a
locking mechanism. The applicator 13 includes a latching
member 22 biased by a resilient member. The latching
member 22 is adapted to fit the gap 20 in the hollow sleeve
18 at the second end of the positioning arm. The applicator
13 is attached to the positioning arm 12 by inserting the
applicator 13 into the sleeve 18 and locking the latching
member 22 in the gap 20. Applicator may be removed by
pressing the latching member and pulling the applicator
from the sleeve.

Still other embodiments of positioning member may be
found in provisional U.S. patent application No. 62/357,679
incorporated herein by reference.

FIG. 5a and FIG. 55 illustrate exemplary embodiments of
circuits for providing high power pulses to the stimulating
magnetic field generating device. The proposed circuits
include charging the energy storage device from the energy
source, repetitively switching the switching device, and
discharging the energy storage device to the magnetic field
generating device in order to generate the time-varying
magnetic field. Either the energy source or the switching
device, or alternately both the energy source and the switch-
ing device, may be regulated by a control unit. The control
unit may also enable regulating and/or adjusting the treat-
ment parameters described in this document in order to
generate time varying magnetic field for the treatment. The
regulation may be done by the preset protocol or by the
operator/end user of the device through HMI.

Referring to FIG. 5a, the circuits for providing high
power pulses to the stimulating magnetic field generating
device contain a series connection to the switch 23 and the
magnetic field generating device 24. The switch 23 and the
magnetic field generating device 24 together are connected



US 10,695,576 B2

15

in parallel with an energy storage device 25. The energy
storage device 25 is charged by the energy source 26 and the
energy storage device 25 then discharges through the switch-
ing device 23 to the magnetic field generating device 24.

During second half-period of L.C resonance, the polarity
on the energy storage device 25 is reversed in comparison
with the energy source 26. In this second half-period, there
is a conflict between energy source 26, where voltage on
positive and negative terminals is typically thousands of
Volts. The energy storage device 25 is also charged to the
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 26. Hence the energy source
26 and all parts connected in the circuit are designed for a
high voltage load. Therefore, the protective resistors and/or
protection circuitry 27 must be placed between energy
source 26 and energy storage device 25. Either the energy
source 26 or the switch 23, or alternately both the energy
source 26 and the switch 23 may be regulated by a control
unit 115. The control unit 115 may enable regulating and/or
adjusting the parameters described in this document in order
to generate time varying magnetic field for the treatment.
The regulation may be done by the preset protocol or by the
operator/end user of the device through HMI.

FIG. 55 shows a circuit for providing high power pulses
for improved function of the treatment device. The magnetic
field generating device 28 and an energy storage device 29
are connected in series and disposed in parallel to the switch
30. The energy storage device 29 is charged through the
magnetic field generating device 28. To provide an energy
pulse, controlled shorting of energy source 31 takes place
through the switch 30. In this way the high voltage load at
the terminals of the energy source 31 during the second
half-period of LC resonance associated with known devices
is avoided. The voltage on the terminals of energy source 31
during second half-period of L.C resonance is a voltage equal
to the voltage drop on the switch 30. Fither the energy
source 31 or the switch 30, or alternately both the energy
source 31 and the switch 30, may be regulated by a control
unit 115. The control unit 115 may enable regulating and/or
adjusting the parameters described in this document in order
to generate time varying magnetic for the treatment. The
regulation may be done by the preset protocol or by the
operator/end user of the device through HMI.

A capacitance of the energy storage device may be in the
range of 5 nF to 100 mF, preferably in the range of 25 nF to
50 mF, more preferably in the range of 100 nF to 10 mF,
even more preferably in the range of 1 pF to 1 mF, most
preferably in the range of 5 to 500 pF.

The energy storage device may be charged on a voltage of
at least 100, 250, 500, 1000, 1500, 2500 V or more.

The energy storage device may provide a current pulse
discharge at least 100, 250, 500, 750, 1000, 1500, 2000 A or
more. The current may correspond with a value of the peak
magnetic flux density of the magnetic field generated by the
coil.

The magnetic stimulation device may include at least one
energy source, at least one energy storage device (e.g. a
capacitor), at least one magentic field generating device (e.g.
a coil) and at least one switching device. The magnetic field
generating device may include a core, however in a pre-
ferred embodiment the magnetic field generating device
includes no core. The switching device may be any kind of
switch such as diode, MOSFET, JFET, IGBT, BJT, thyristor
or a combination of them.

The switch 30 can be any kind of switch such as diode,
MOSFET, JFET, IGBT, BIT, thyristor or their combination.
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Depending on the type of component the load of energy
source 31 is reduced to a few Volts, e.g., 1-10 volts.
Consequently, it is not necessary to protect the energy source
31 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
safety.

An inductance of the magnetic field generating device
may be up to 1 H, or in the range of 1 nH to 500 mH, or in
the range of 1 nH to 50 mH, preferably in the range of 50
nH to 10 mH, more preferably in the range of 500 nH to 1
mH, most preferably in the range of 1 to 500 pH.

FIG. 6 illustrates a floor projection of an exemplary
embodiment of circular planar magnetic field generating
device. The magnetic field generating device is character-
ized by dimensions including outer diameter D; inner diam-
eter d; inner radius r and outer radius R. The magnetic field
generating device is further characterized by areas Al and
A2.

The area Al is associated with dimensions r and d. The
area Al includes no winding. The area A1 may be repre-
sented by a core. The core may be preferably air core.
Alternatively the core may be a permeable material having
high field saturation, e.g. iron alloys such as permendur,
permalloy or silicon iron/steels.

The area A2 is associated with dimensions R and D. The
area A2 includes the magnetic field generating device itself,
i.e. windings of the magnetic field generating device.

The dimension r may be in the range of 1 to 99% of the
dimension R, more preferably in the range of 2 to 95% or 3
to 80% of the dimension R, even more preferably in the
range of 4 to 60% or 6 to 50% of the dimension R, most
preferably in the range of 7 to 40%. The dimensions of r and
R may be used for achieving convenient shape of the
generated magnetic field.

In an exemplary embodiment the magnetic field generat-
ing device diameter D is 100 mm and the dimension r is 10%
of the dimension R. In that exemplary case the dimension R
is 50 mm and the dimension r is 5 mm.

The area A2 includes a plurality of windings. One wind-
ing may include a plurality of wires, preferably insulated
wires. The windings are preferably tightly arranged, most
preferably one winding touching the adjacent winding. The
winding area A2 may be at least 0.99 cm®. The winding area
A2 may be in the range of 4 to 7900 cm?, preferably in the
range of 9 to 1950 cm?, more preferably in the range of 15
to 975 cm?, most preferably in the range of 45 to 450 cm?.

Alternatively the windings may include a gap between
each other. The gap may be up to 50, 25 15, 10, 5, 1, 0.5 or
0.1% of the dimension R-r.

A total magnetic field generating device surface, i.e.
Al1+A2, may be in the range of at least 1 cm®. The total
magnetic field generating device surface may be up to 8000
cm?, or in the range of 5 to 8000 cm?, preferably in the range
of 10 to 2000 cm?, more preferably in the range of 20 to
1000 ¢cm?, most preferably in the range of 50 to 500 cm?.

The core area A1 may be in a range of 0.01% to 99% of
the total magnetic field generating device surface. Alterna-
tively the core area A1 may be in a range of 0.05% to 95%,
preferably in a range of 0.5 to 90%, more preferably in a
range of 1 to 75%, even more preferably in a range of 5%
to 60%, most preferably in a range of 10% to 40% of the
total magnetic field generating device surface.

A total weight of the magnetic field generating device
may be in a range of 1 gram to 50 kg. The total weight of
the magnetic field generating device may be preferably in a
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range of 10 gram to 25 kg, more preferably in a range of 0.1
to 15 kg, even more preferably in a range of 0.5 to 10 kg,
most preferably on the order of kilograms, for example 1 kg,
2 kg, 3 kg, 5 kg, or more.

A magnetic fluence is defined by Equation 4.

MF=Bppdprap Eq. 4

where: MF is magnetic fluence [T-cm?]; B, is maximal
peak to peak magnetic flux density generated by the mag-
netic field generating device [T]; A, zgp is area of the
magnetic field generating device [cm?].

The magnetic field generating device may generate the
time-varying magnetic field of the magnetic fluence in a
range of 5 to 60000 T-cm?, or in a range of 60 to 60000
T-cm?, or in a range of 70 to 60000 T-cm?, or in a range of
5 to 40000 T-cm?, preferably in the range of 70 to 20000
T-cm?, more preferably in the range of 75 to 15000 T-cm?,
even more preferably in the range of 80 to 2000 T-cm?” or up
to 60000 T-cm?.

A winding magnetic fluence is defined by Equation 5.

WMF=Bpp4, Eq. 5

where: WMF is winding magnetic fluence [T-cm?]; B, is
maximal peak to peak magnetic flux density generated by
the magnetic field generating device [T]; A, is winding area
of the magnetic field generating device [cm?].

The magnetic field generating device may generate the
time-varying magnetic field with the winding magnetic
fluence of at least 5, 10, 15 or 20 T-cm?, or in a range of 5
to 40000 T-cm?, or in a range of 40 to 40000 T-cm?, or in
a range of 40 to 20000 T-cm?, preferably in the range of 50
to 10000 T-cm? or in a range of 75 to 7500 T-cm?, more
preferably in the range of 100 to 5000 T-cm?® or 150 to 2750
T-cm?, even more preferably in the range of 200 to 2000
T-cm? or 275 to 1500 T-cm?, or up to 40000 T-cm?.

According to some embodiments, the magnetic field
generating device may have round, circular, oval, square,
rectangular or any other shape. Alternatively, the magnetic
field generating device may be a solenoid.

FIG. 7 shows an exponential voltage drop in the energy
storage device. Energy savings during treatment may be
characterized by reduced voltage drop in the energy storage
device between the first, second and subsequent maximums
of the resonant oscillation. The magnitude of the individual
voltage oscillations is exponentially dampened up to estab-
lishing the energy balance. This allows increasing the maxi-
mum possible frequency/repetition rate of magnetic pulses,
since the frequency/repetition rate is 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 pulse, it is
possible to increase the frequency/repetition rate of the
treatment 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 45, 40, 30, 21, 14 or 7%.

The treatment device may include at least one sensor for
measuring operation parameter such as voltage, current or
phase. The measured operation parameter may be processed
by control unit of the treatment device and it may be used for
determining a value of the generated heat. The generated
heat may be used for prediction of a temperature of the
magnetic treatment device. Typically the method may be
used for treatment planning and/or to predict the temperature
of the applicator and/or the part of the magnetic treatment
device which is the most susceptible to overheating such as
wires and/or resistors etc.
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The magnetic treatment device may be described by the
transition thermal characteristic (TTC). The TTC may be
determined by experimental measurement during standard
ambient conditions such as temperature and/or pressure, or
it may be a mathematical model based on technical and/or
electric specifications of all components of the magnetic
treatment device. TTC characterizes the temperature depen-
dence of the magnetic treatment device on generated heat.
TTC is established by the manufacturer as the factory
settings.

The value of generated heat determined by the recited
application of the invention corresponds with the treatment
parameters. The temperature evolution of the magnetic
treatment device is dependent during the treatment on at
least one of treatment parameters, actual temperature of the
magnetic treatment device, ambient temperature, cooling
medium temperature, cooling medium flow or heat dissipa-
tion.

A control unit is set up to operate with at least TTC and
treatment parameters to determine the temperature of the
magnetic treatment device during the treatment. The maxi-
mal temperature of the magnetic treatment device is limited
and predetermined. However, in alternative application the
maximal temperature of the magnetic treatment device may
be adjusted by the operator. The maximal temperature may
be considered to be safe for the patient.

The magnetic treatment device may include a system for
monitoring a presence of the patient on a patient support.
The patient support may include at least one pressure sensor
such as a load cell, an accelerometer, an optical sensor, or a
capacitive sensor. Alternatively the sensor may be a camera
placed a predetermined distance from the patient support.
The sensor may measure one or more physical quantities.
The control unit of the magnetic treatment device may
evaluate one or more signals from the sensor. The control
unit may start and/or stop the treatment in response to a
signal value from the pressure sensor.

The magnetic treatment device may include a plurality of
pressure sensors. The plurality of pressure sensors may
enable determination of at least a position of the patient on
the patient support. The control unit may adjust a position of
the magnetic field generating device in the patient support to
improve a treatment effect. Alternatively the control unit
may notify an operator to reposition the patient.

The device may be used for treatment/successive treat-
ments in continual, interrupted or various duty cycle regime.
The treatment 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. In the preferred application the treatment duty cycle
may be at least 15, 20, 25, 40, 50, 75, 85 or 90%.

In an exemplary embodiment the magnetic treatment
device include a main body of the magnetic treatment device
and a plurality of applicators. Preferably two applicators
may be used. The main body of the magnetic treatment
device may include a connection to a power grid and two
independent circuits for generating the magnetic field. Each
independent circuit may include a power source, a switching
device, an energy storage device and a magnetic field
generating device. Alternatively one energy source may be
common for a plurality magnetic field generating circuits.
The magnetic field generating device may be preferably
externally from the main body of the magnetic treatment
device, i.e. in the applicator. Each applicator may include
one magnetic field generating device. Alternatively a plu-
rality of the magnetic field generating devices may be in one
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applicator. In an alternative embodiment the device may
include a common energy storage device and/or switch for
the plurality of coils.

Alternatively the magnetic field generating devices may
generate the time-varying magnetic field simultaneously.
The magnetic field generated simultaneously may interfere.
Alternatively the plurality of magnetic field generating
devices may generate the magnetic field in different time,
e.g. sequentially.

The treatment by the magnetic stimulation device may be
in different operation modes. One operation mode may
generate a plurality of impulses at one time within the pulse.
Another operation mode may generate a plurality of the
impulses at different times within the pulse. Both operation
modes may be combined.

The magnetic stimulation device may generate a plurality
of the impulses by the magnetic field generation devices L,,
L,, . .. Ly at one time within the pulse. A magnetic
stimulation device may include at least one energy source:
one energy storage device: N magnetic field generating
devices: and N+ 1 switching devices: wherein N is positive
integer greater than 1. This exemplary embodiment includes
a minimum of hardware components. The value of induc-
tance of each magnetic field generating device may be
constant: however in an alternative embodiment different
values of inductance may be used.

The switching devices may be switched separately: with
the magnetic field generated by separate magnetic field
generating devices

In an alternative embodiment any switching device may
be switched in combination with at least one other switching
device.

The magnetic flux densig of the stimulation is propor-
tional to the number and/or the inductance of active mag-
netic field generating devices. The active magnetic field
generating devices are the magnetic field generating device
in the closed loop of the electric circuit. For example if the
number of active magnetic field generating devices is 2 and
the inductances of the magnetic field generating devices are
the same: then the value of magnetic flux density for each
magnetic field generating device is one-half of the magnetic
flux density which would be reached by one active magnetic
field generating device with the same parameters and con-
ditions: e.g. inductance: resistance: freguency: voltage. The
total eguivalent inductance of the magnetic stimulation
device may be changed by switching a plurality of switching
devices into a closed electric circuit. Therefore the impulse
duration may be adjusted by adjusting the inductance. The
value of total eguivalent inductance [L,,,,;) may be deter-
mined by Equation 1.

1 1 1 1
=—+—+
Liprat L

Ly

Ly

The magnetic stimulation device may generate a plurality
of impulses 1 generated by the magnetic field generation
devices L, L,, . . . L, at different times within the pulse.
This operation mode may multiply the repetition rate per-
ceived by the patient: e.g. when the number of magnetic field
generation device is 3 and the repetition rate of each
magnetic field generating device is 100 Hz: then the patient
may perceive the repetition rate 300 Hz. In an alternative
example: this operation mode may be used for treatments of
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high repetition rate when the magnetic stimulation devices
are switched to reach such repetition rates which may be
sufficiently cooled.

In one example a magnetic stimulation device includes at
least one energy source: N energy storage devices: N mag-
netic field generating devices and 2xN switching devices:
wherein N is positive integer greater than 1. The at least one
energy storage device may be selectively charged by the
energy source by selectively switching the switching devices
and the impulses may be selectively generated by selectively
switching the switching devices.

The benefit of this exemplary embodiment is the time
independency of the impulses generated by the separate
magnetic field generating devices. However, the switching
devices may be synchronized to generate the impulses at one
fixed time within the pulse or both operation modes may be
combined using this embodiment. Another benefit of this
embodiment is the possibility of providing various treat-
ments by a plurality of magnetic field generating devices.
Various treatments may provide various effects for the
patient: e.g. stimulation: such as myostimulation: pain alle-
viation or myorelaxation.

In one example the magnetic stimulation device includes
N energy sources: N energy storage device: N magnetic field
generating devices: and N switching devices: wherein N is
positive integer greater than 1. The at least one energy
storage device may be selectively charged by the energy
source and the impulses may be selectively generated by
selectively switching the switching devices.

The impulses generated by the separate magnetic field
generating devices are time independent. However: the
switching devices may be synchronized to generate the
impulses at one time within the pulse or both operation
modes may be combined.

The magnetic stimulation device may include a plurality
of applicators. The applicator includes at least one magnetic
field generating device which may be movable. The benefit
of this embodiment is that the movement and/or positioning
of the plurality of the applicators may be independent.
Hence different parts of the patient’s body may be treated
simultaneously. Therefore the total treatment time is reduced
and patient’s downtimes are reduced as well. The movement
of the at least one applicator may be automatic so that
manual manipulation may not be needed. The movement of
the at least one applicator may follow a predetermined
trajectog or it may be random. In an alternative embodiment
the movement of the plurality of applicators may be syn-
chronized.

The plurality of applicators may be positioned with
respect to each other in one plane; in at least two mutually
tilted planes defined by convex or concave angles: or
perpendicular to each other; or in at least two parallel planes.
The angles of the planes may be adjusted by an operator
following the patient’s needs. In an alternative embodiment
the patient may be positioned in the intersection of the
magnetic fields generated by the plurality of magnetic field
generating devices.

The benefit of this application may be treatment of a
plurality of cooperating muscles: such as agonists and
antagonists: e.g. one muscle may be stimulated to achieve
strengthening effect and on the other side the other muscle
may be stimulated to achieve myorelaxation effect.

All the above described exemplary embodiments may be
used in one or a plurality of applicators.

FIG. 12 illustrates an exemplary embodiment of the
magnetic treatment device including two independent mag-
netic field generating circuits (dotted lines). Magnetic field



US 10,695,576 B2

21

generating circuit 52 may include an energy source 53;
switching device 54; energy storage device 55 and magnetic
field generating device 56. Magnetic field generating circuit
57 may include an energy source 58; switching device 59;
energy storage device 60 and magnetic field generating
device 61.

Alternatively the magnetic field generating circuit may
include a plurality of energy storage devices providing
energy to a magnetic field generating device in order to
enable higher energy pulse. Alternatively at least one energy
storage device may provide energy to a plurality of magnetic
field generating devices. Alternatively both circuits may
include common power supply.

Circuit 52 may generate the time-varying magnetic field
independently on Circuit 57. The magnetic treatment device
may generate the magnetic field by one circuit while the
second circuit is being turned off, i.e. Circuit 52 may
generate the magnetic field while Circuit 57 is turned off or
Circuit 57 may generate the magnetic field while Circuit 52
is turned off.

Alternatively Circuit 52 may generate the magnetic field
of equal treatment parameters as the magnetic field gener-
ated by Circuit 57. Both circuits may be set up individually
or synchronously. Each of the plurality of the magnetic field
generating device 56, 61 may provide the magnetic treat-
ment at the same time without necessity of alternating the
magnetic field generating devices during the treatment.

Alternatively Circuit 52 may generate magnetic field of
treatment parameters different from magnetic field gener-
ated by Circuit 57.

The control unit may control providing energy from the at
least one energy storage device to the plurality of coils in
order to generate a plurality of magnetic impulses by each
coil. All coils of the plurality of coils may generate magnetic
field within the treatment without any operator’s input. The
treatment may include a plurality of impulses, pulses, trains,
bursts, a time period of no magnetic field applied to the
patient or the time period when the magnetic flux density of
the magnetic field is insufficient to induce eddy current in the
patient in order to cause a muscle contraction.

FIG. 8 illustrates an exemplary treatment duty cycle of
10% while the exemplary repetition rate is 10 Hz. An active
treatment (e.g. train of pulses) lasts for a period T1. Active
treatment period may be called a train. T1 lasts 2 s. Hence
the target biological structure is treated by 20 magnetic
pulses. Passive treatment lasts for a period T2. T2 lasts 18
second. The period T1 is repeated after T2. In this exemplary
treatment the period including active and passive period
lasts 20 seconds. Active treatment followed by passive
treatment may be called a burst, i.e. the burst includes one
train and a period of no magnetic field applied to the patient.
Time of burst T3 equals to T14T2. The train includes a
plurality of pulses, i.e. at least two pulses. The bursts may be
repetitively applied to the patient. The burst repetition rate
may be in a range of 100 Hz to 0.01 Hz, more preferably in
a range of 50 Hz to 0.02 Hz or most preferably in a range
of 10 Hz to 0.05 Hz.

An exemplary application of a burst repetition rate of 4 Hz
may be the time-varying magnetic field applied to the patient
with a repetition rate of 200 Hz and with a treatment duty
cycle of 50% in trains lasting 125 ms; i.e. the train includes
25 pulses. An alternative exemplary application of a burst
repetition rate of 6/min may be the time-varying magnetic
field applied to the patient with a repetition rate of 1 Hz and
with a treatment duty cycle of 30% in trains lasting 3 s; i.e.
the train includes 3 pulses.
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The device enables operation defined by the peak to peak
magnetic flux density on the magnetic field generating
device 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 treat-
ments lasting several seconds or longer, for example, for at
least 5, 10, 30, 60, 120 or 240 seconds, or longer. The total
power consumption is below 1.3 kW and the width of pulses
is in the range of hundreds of ps.

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
flux density providing a therapeutic effect on neurons and/or
muscle fibers and/or endocrine cells (e.g. at least 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 various
shapes (e.g. triangular, rectangular, exponential, trapezoi-
dal), with the shape widths from 6 ms to several seconds or
longer.

The device may enable a continual treatment and con-
tinual magnetic treatment where the set of the magnetic flux
density and frequency/repetition rate of magnetic pulses
does not lead to exceeding of the operating temperature 60°
C., preferably 56° C., more preferably 51° C., even more
preferably 48° C. most preferably 43° C. on the casing of the
device operating in an ambient temperature of 30° C.
regardless of the duration of therapy.

The treatment device may include a communication mod-
ule connected with the control unit. The communication
module may collect service data of the treatment device,
such as number of pulses, hardware or software errors etc.
The communication module may communicate with a
remote control station, e.g. server, central computer or main
control center via a datalink. The datalink may be any kind
of communication link, e.g. wired such as Ethernet, or
wireless such as wireless internet connection, IRDC, Blu-
etooth, Dial-up connection, Wi-Fi, GSM, PCS. The data may
be processed by a software and displayed for further analy-
sis. The data may be displayed on mobile application.
Alternatively the service data may be evaluated and any
notification may be provided to the end user of the treatment
device. In an exemplary application the data may correspond
with treatment credits (corresponding to the treatment
device or its part wear out) and it may decrease after each
treatment. The treatment device may disable generating the
magnetic field after running out the credits. Alternatively the
treatment device may disable generating the magnetic field
after reaching a predetermined number of treatments.

Alternatively the magnetic field generating device may
generate a static magnetic field. The magnetic field gener-
ating device generating the static magnetic field may be e.g.
permanent magnet or electromagnet. The magnetic field
generating device may be powered by a power source, a
transformer and/or an energy storage device. The magnetic
field may be applied as time-varying magnetic field by
movement of the magnetic field generating device. Alterna-
tively the magnetic field generating device may be switched
on and off.

During last few decades patient have not only wanted to
be in good health, they have also wanted to look well, i.e. to
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 surgical removing of fat
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and remodeling the human body by invasive and potentially
dangerous methods, e.g. liposuction or inserting implants
into human body. The side effects of invasive methods may
be scars, swelling or bruising. The side effects resulted in the
rapid progress in non-invasive method, e.g. lipolysis or
removing skin imperfections. One example of the last few
years may is rapid increase of patients’ demand for enhanc-
ing the visual appearance of buttock. This has resulted in a
higher percentage of these operations by plastic surgeons.

Electric current may be induced in the treated biological
structure during pulsed magnetic treatment. Due to the high
value of magnetic flux density the biological structure may
be targeted and treated more specifically. A distribution of
magnetic field is uniform in the biological structure. Par-
ticles (e.g. atoms, ions, molecules etc.) in the biological
structures are influenced by the magnetic field and perme-
ability of a cell membrane may also increase.

Due to increased permeability of the cell membrane, the
pulsed magnetic field may induce following effects: at least
muscle contraction; reduction of adipose tissue—volume
and/or number of the adipose cells including increase of
apoptotic index; intramuscular fat decrease, cellulite reduc-
tion; neogenesis and/or remodeling of collagen and/or elas-
tin fibers, i.e. collagen and/or elastin increase; skin elasticity
and/or skin texture improvement; skin tightening; waist
reduction. Further magnetic treatment may improve circu-
lation of blood and/or lymph and improve local and/or
adipose tissue metabolism. Treatment by time-varying mag-
netic field may also cause muscle hypertrophy and/or hyper-
plasia; reduce diastasis recti (abdominal separation);
increase fat and/or basal metabolism; and/or reduce visceral
fat. The treatment effect may be known as contouring,
circumferential reduction, core strengthening, body shaping,
body contouring, body sculpting, core shaping, muscle
forming, muscle shaping skin laxity reduction, muscle
strengthening, muscle toning, muscle firming, muscle volu-
mization, muscle tightening, e.g. butt lifting.

Repetitive application may be more efficient than standard
workout in fitness since the fitness machines strengthen only
the isolated muscles. The results may be achieved in very
short-time periods with minimal time of treatment.

With the present methods, factors for enhancing visual
appearance of the body include: treatment of major muscle,
e.g. gluteus maximus; treatment of deep muscle which may
be enabled by high value of magnetic flux density; non-
contact application of magnetic flux density, it may be
applied even through clothing; stronger muscle contraction
due to higher value of magnetic flux density; higher-quality
of muscle targeting; treatment may not be influenced by
small movements during treatment; treatment time duration
may be shortened due to high value of magnetic flux density
and/or higher repetition rate; no delays may occur.

It is to be understood that the method is not limited to the
particular applications and that the method may be practiced
or carried out in various ways.

Present method may be applied for enhancing the visual
appearance of body parts including or proximate to major
muscle structures. Further the method may be applicable for
enhancing the visual appearance of patients with high value
of BMI. A patient with BMI of at least 18, preferably at least
25, more preferably at least 30, most preferably at least 35
or more may be preferably treated by the recited methods. A
thickness of patient’s SWAT and/or VWAT may be at least
0.1, 0.5, 10, 15, 25, 50, 75, 100 mm or more. The patient
may be preferably healthy without any life-threatening con-
ditions such as circulatory system disease, e.g. deep vein
thrombosis. The present method is not limited to the appli-
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cation of the treatment to major muscle. Muscles other than
major muscles may be treated as well.

The applicator of magnetic treatment may be placed
proximate to the patient’s body. As used here, proximate to
includes both contactless and in actual contact with the skin
of the patient. The actual contact with the skin of the patient
may be direct contact or indirect contact. Direct contact may
be the applicator contacting the skin of the patient; indirect
contact may be applicator contacting the patient’s skin via a
spacer such as clothes, a towel or a disposable sterile cover
of the applicator. The contactless application may not touch
the patient’s skin. Within a close proximity of the patient
should be interpreter in a range from 0.1 to 50 mm from the
patient’s skin, more preferably in a range of 0.5 to 25 mm
from the patient’s skin, most preferably in a range of 1 to 10
mm from the patient’s skin. Alternatively the magnetic field
generating device is positioned at a distance in a range 0t 0.2
to 49.9 mm, more preferably in a range of 0.6 to 24.9 most
preferably in a range of 1.1 to 9.9 mm from the patient’s
skin. The muscles may be selectively treated and the mag-
netic flux density may be adjusted following the patient’s
feeling or needs. The treatment time may be shortened due
to selective treatment of the correct muscles. Additionally,
due to the high value of magnetic flux density, the muscle
may be treated more effectively. Further, the treatment may
be non-invasive or even preferably contactless due to the
high value of magnetic flux density. The patient may be
treated without removing clothing, reducing patient discom-
fort. Additionally, following the high efficiency of the
muscle contraction the collagen and/or elastin fibers above
the muscle structure may be remodeled, hence the visual
appearance may be enhanced.

According to exemplary application a treatment may be
started by turning the magnetic treatment device on. The
applicator including a magnetic field generating device may
be placed on the patient. A magnetic flux density may be set
up as highest magnetic flux density value acceptable by the
patient. The highest magnetic flux density value acceptable
by the patient may be such a value sufficient to cause a
muscle contraction and may not cause pain to the patient.
Further a correct treatment location may be found by an
operator. The correct treatment location may be found by
moving at least one applicator over the target region of the
patient’s body. Alternatively a plurality of applicators may
be moved simultaneously in order to set up the correct
treatment location. The correct treatment location is the
location where the induced current causes the strongest
muscle contraction. The at least one applicator may be
maintained by a positioning member in a static position with
respect to the patient. The positioning member may be e.g.
an adjustable belt. The belt may be flexible and/or the belt
may include a length adjusting member such as buckle. The
treatment may be started, i.e. the time-varying magnetic
field may be applied to the target region for a predetermined
treatment period. The at least one applicator may be
removed from the patient after lasting the treatment period.
The treatment may be ended.

The position of the patient may correspond to treated
biological structure and/or body region. The patient may be
treated in seated position. Alternatively, the patient may be
treated in lying position, e.g. in supine position. Treatment
in lateral recumbent position may be also applicable. Patient
may be in prone position as well.

In the preferred application the magnetic field generated
by the treatment device may be applied to body regions
prone to cellulite and/or prone to adipose accumulation,
such as thigh, saddlebag, buttock, abdomen, region of love
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handle, region of bra fat, armpit fat or arm. The adipose
accumulation may be influenced by number and/or volume
of adipose cells. A plurality of magnetic field generating
devices may apply the time-varying magnetic field to dif-
ferent body regions or to different locations of one large
body region such as abdomen or buttock.

The magnetic field generating device may be placed in a
distance up to 500 mm from the skin of the patient mm.
Particularly in a range of 0.01 to 150 mm, more preferably
in the range of 0.1 to 100 mm, even more preferably 1 to 50
mm, most preferably in the range of 2 to 25 mm.

The magnetic treatment of the biological structure may
have various applications for enhancing visual appearance
of the contour of a body region. High density magnetic field
reaching such values may be used for treatment of a muscle
and/or adipose tissue, wherein the adipose tissue reduction
may be achieved by reduction of number and/or volume of
adipose cells. Adipose tissue reduction may be also known
as fat disruption, reduction or removal, skin tightening body
sculpting or sculpting, connective tissue improvement or
adipose tissue reduction in general.

Alternatively adipose tissue may be reduced and the
muscle may gain strength. These effects may be known as
contouring or circumferential reduction. Circumferential
reduction refers to shape modification of body parts such as
thigh or abdomen.

The adipose tissue reduction may be associated with
increasing volume of the muscle. This effect may be known
as core strengthening.

The adipose tissue may be reduced with improving the
muscle in volume and strength. These effects may be known
as cellulite treatment, body shaping, body contouring, body
sculpting, core shaping, muscle forming, muscle shaping,
skin laxity reduction or improving aesthetic and/or visual
appearance in general.

The muscle may gain strength without adipose tissue
reduction. The effect may be known as muscle strengthen-
ing, muscle toning or muscle firming.

The muscle may increase a volume. The effect may be
known as muscle volumization or muscle tightening.

The muscle may be further improved in strength and in
volume. Such effect may be known as muscle remodeling or
stimulation, deep tissue remodeling or stimulation. This
effect may be used e.g. for butt lifting.

Alternatively breast enhancement, wherein the appear-
ance enhancement effect may be achieved by elevation or
shape modification may be caused. Further lip enhancement,
wherein the lip appearance enhancement may be achieved
by obtaining fuller and firmer appearance. The body region
may be reduced in overall size.

The muscle may be treated by a time-varying magnetic
field applied by the aforementioned device.

The magnetic field may treat peripheral nerves in the
treated body region. Alternatively, peripheral motor neurons
affecting hundreds of muscle fibers may be selectively
targeted. The muscle contraction of the whole muscle group
innervated by the specific nerve or nerve plexus may be
caused as well.

Due to high magnetic flux density of the generated
magnetic field supramaximal muscle contractions may
occur. Supramaximal contractions cannot be voluntarily
achieved. The muscle may change as it naturally adapts to a
muscle stress caused by the supramaximal contractions.
Hence the muscle strength and/or volume may increase. The
muscle strength and/or volume increase may be achieved by
muscle fiber hypertrophy and/or muscle fiber hyperplasia. A
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muscle tension may also increase. These structural changes
may be long-lasting compared to regular exercising.

Varying magnetic flux density and repetition rate resulting
in the muscle contractions during the treatment may be
beneficial for muscle relaxation between the muscle con-
tractions. The treatment 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. In the preferred application the treatment
duty cycle may be at least 15, 20, 25, 40, 50, 75, 85 or 90%.

Hence effects such muscle volumization, toning, strength-
ening and/or remodeling may be caused.

In the methods described, the magnetic field generating
device may or may not include a magnetic core. The
magnetic field generating device may be cooled by fluid, e.g.
by air, water or oil. Total power consumption of the mag-
netic treatment device may be below 1.3 kW. A power of the
magnetic treatment device may be at least 150, 250 or 500
W to generate a magnetic flux density sufficient to induce at
least muscle contraction. Energy conversion efficiency may
be at least 10, 25, 50, 80% or more. The energy conversion
efficiency may be enabled by the above recited construction
such as by using insulated wire, components layout and/or
by the cooling system. A magnetic treatment device as
described in the US patent application Ser. No. 14/789,156
or US patent application Ser. No. 14/789,658 incorporated
herein by reference, may be used.

The applicator for magnetic treatment may be placed
proximate to the patient’s body. The magnetic flux density
may be applied into the target biological structure. Electric
current may be induced and treat the neuromuscular plate
and/or the nerve innervating the at least one muscle fiber.
The treatment may cause at least a muscle contraction.

Furthermore, the present invention discloses the advanced
approaches in aesthetic applications, e.g. for cellulite treat-
ment and/or body shaping. Combined methods of treatment
by electromagnetic field and treatment by magnetic field are
used. The electromagnetic field may include treatment by
radiofrequency, infrared or optical waves. The magnetic
treatment may be provided by permanent magnets, electro-
magnetic devices generating a static magnetic field or time-
varying magnetic devices. In the preferred application the
treatment 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 magnetic treatment and any treatment by elec-
tromagnetic field, e.g. light treatment, IR treatment or treat-
ment by radiofrequency waves, e.g. microwaves, short
waves or long waves. The magnetic treatment may also be
provided with one or more auxiliary treatments, for example
a thermal treatment, e.g. heating and/or cooling.

A device described in U.S. patent application Ser. No.
14/278,756 incorporated herein by reference may be used
for application of the present methods. The device may
exclude the balun transformer, or the balun transformer may
be included in transmatch. The possible methods of treat-
ment by combined methods are described below.

Magnetic treatment in combination with radiofrequency
treatment may be applied by two independent treatment
devices, e.g. one device for treating the biological structure
by radiofrequency waves and second device for treating the
biological structure by magnetic field. Both devices may
have a separate applicator for treating the biological struc-
ture, or one applicator may be used by at least two devices,
i.e. the applicator may be modular for a plurality of devices.

The device may include at least one HF frequency gen-
erator for providing energy for radiofrequency treatment and



US 10,695,576 B2

27

for providing energy for magnetic treatment. In an alterna-
tive 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 magnetic treatment. The
device may include plurality of applicators for providing
separate radiofrequency or magnetic treatments to the
patient.

In alternative embodiment the applicator may provide a
combination of radiofrequency and magnetic treatment. In
one embodiment, the applicator may include at least one
radiofrequency electrode for providing radiofrequency treat-
ment and at least one magnetic field generating device, e.g.
a magnetic field generating device, for providing magnetic
treatment. In another embodiment, the applicator may
include at least one electrode for providing radiofrequency
treatment and at least one magnetic field generating device
providing magnetic treatment, wherein the at least one RF
source provides energy for both at least one electrode and at
least one magnetic field generating device.

In still another embodiment the at least one RF source
may provide the energy for the at least one magnetic field
generating device providing magnetic treatment wherein the
at least one magnetic field generating device may be used as
the at least one electrode. The essence is the far different
treatment frequencies which are used for RF treatment and
magnetic treatment. The magnetic field generating device in
the high frequency field is similar to the electrode. This
enables the magnetic field generating device to be the
electrode for radiofrequency treatment. In the preferred
embodiment a flat magnetic field generating device may be
used as the electrode.

The frequencies for the radiofrequency treatment may be
in the range of hundreds of kHz 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 of the impulses 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,
e.g. at least 1, 5, 20, 30, 50, 100, 140 or 180 Hz. The
magnetic flux density of the magnetic field may be at least
0.1,0.5,08,1, 1.5, 2, 2.4 or up to 7 Tesla, or in a range of
0.1 to 7 Tesla, or in a range of 0.5 to 7 Tesla, on the magnetic
field generating device surface (equivalent to 70000 Gauss).
The treatment/successive treatments may last several sec-
onds, e.g. at least 5, 10, 30, 60, 120 or 240 seconds, or
longer, e.g. at least 20, 30, 45, 60 minutes. The impulse
duration may be in the range of 3 us to 10 ms or more, or
alternatively 3 pus to 3 ms or alternatively 3 pus to 1 ms. The
impulse duration may be e.g. 3, 10, 50, 200, 300, 400, 500,
625, 1000, 2000 or below 3000 ps. Alternatively the impulse
duration may be in the range of ms. The treatment duty cycle
may be at least 1:50 (which means more than 2%), more
preferably at least 1:40 (which means more than 2.5%), even
more preferably at least 1:20 (which means more than 5%),
most preferably at least 1:8 (which means more than 12.5%),
or at least 1:4 (which means more than 25%). The magnetic
treatment device may emit no radiation. The ratio between
the electromagnetic field frequency and mechanical stimu-
lation frequency (MHz/Hz) may be in the range of 0.005 to
60 or 0.01 to 28.

The treatment duty cycle of 1:50 should be interpreted in
the sense that one complete burst lasting a time T consists of
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50 time periods T1 and the active treatment (e.g. train of
pulses) of the time-varying magnetic field is applied to the
patient for one time period T1, i.e., pulses of the time-
varying magnetic field are not applied for 49 time periods
T1. The burst may be applied repetitively. In an exemplary
application the magnetic field may be applied with a rep-
etition rate 50 Hz and with a treatment duty cycle 1:50 for
10 seconds, i.e. ten pulses of the magnetic field may be
applied in a train lasting 0.2 s and no magnetic field pulse is
applied for 9.8 s.

The magnetic flux density applied to active sportsmen
may be higher compared to magnetic flux density applied to
a patient without regular exercising.

A derivative of the magnetic flux density is defined by
Equation 6.

daB
a

Eq. 6

where: dB is magnetic flux density derivative [T]; dt is
time derivative [s].

The maximal value of the magnetic flux density derivative
may be up to 5 MT/s, preferably in the ranges of 0.3 to 800
kT/s, 0.5 to 400 kT/s, 1 to 300 kT/s, 1.5 t0 250 kT/s, 2 to 200
kT/s, 2.5 to 150 kT/s, 4 to 150 kT/s, 5 to 150 kT/s. In
exemplary applications the maximal value of the magnetic
flux density derivative may be at least 0.3, 0.5, 1, 2.5, 3.2,
5, 8, 10, 17, 30 or 60 kT/s. The value of magnetic flux
density derivative may correspond to induced current within
the tissue.

The magnetic flux density derivative may be determined
within entire period of the magnetic signal and/or in any
segment of the magnetic signal.

Alternatively the treatment device may include no deep
muscle diathermy device for heating the target biological
structure. The treatment preferably may include no electrode
which may enable heating the biological structure in contact
mode.

Cellulite is an effect of skin change resulting in orange
peel appearance. The cause of the cellulite is orientation of
collagen fibers in so called “fibrous” septae. The fibrous
septae contract and harden over time creating a dimple
effect. Additionally, blood and lymphatic vessels lack cir-
culation due to the contraction and hardening of the septae.
The lymph flow may be blocked resulting in swelling.
Another cause of cellulite may be adipose cells protruding to
dermis. Cellulite may be treated by the recited methods.

One application of time-varying magnetic field for
enhancing the visual appearance of body region may be
treatment of a muscle by magnetic flux density for reducing
the cellulite. The magnetic flux density may be delivered
through the skin to the neuromuscular plate and/or nerve
innervating at least one muscle fiber. The electric current
may be induced in the target biological structure causing at
least muscle contraction. The at least muscle contraction
may cause the movement of the skin and all the biological
structures subtending epidermis. Additionally, the at least
muscle contraction may improve blood circulation by itself,
or via the movement of the muscle in the vicinity including
fibrous septae. Additionally, blood and/or lymph circulation
may be improved in the layers subtending epidermis since
the muscle contraction may move the fibrous septae. Also
local and/or adipose tissue metabolism may be improved.
The muscle contraction may move the skin above the treated
muscle. A displacement of the skin may be in the range of
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0.1 to 150 mm, more preferably in the range of 0.5 mm 100
mm, even more in the range of 1 to 75 mm, most preferably
in the range of 2 to 50 mm. The skin displacement may last
in the range of 0.01 to 30 seconds, more preferably in the
range of 0.1 to 15 seconds, even more preferably in the range
0t 0.2 to 7.5 seconds, most preferably in the range of 0.5 to
5 seconds.

The lymph flow may be improved by at least muscle
contraction which may provide effect similar to manual
massage. The improved lymph flow may improve local
metabolism and/or immune system. The improved lymph
flow may contribute to purer lymph due to faster delivery of
the lymph to the lymph nodes where the lymph may be
cleared.

The present method may provide a massage effect via the
treatment which may be caused by the at least muscle
contraction. Therefore the massage effect may be achieved
by contactless methods instead of manual massage tech-
niques or soft tissue techniques. The massage effect may
improve lymph circulation.

In another aspect, improvement of functionality and/or
the appearance of the muscle may be achieved with results
similar to body exercise. The results may be achieved by
application of high magnetic flux density to the body region
and inducing at least muscle contraction. Higher values of
magnetic flux density applied may result in a stronger
muscle contraction. The patient may feel firmer and tighter.

With the present method muscle contractions induced by
the applied magnetic flux density may help to tone the
muscle providing a more attractive appearance. As the
muscle structure is treated by time-varying magnetic field
the entire limb may be moved due to the high power of the
magnetic treatment. Nevertheless, the method is not limited
to the applications to the limbs and the method is able to treat
any muscle, e.g. gluteus maximus or any muscle/deep
muscle to induce body contouring and/or body shaping
effect and fat burn. Additionally, shortened and/or flabby
muscles may be stretched. The physical fitness of the patient
may be improved as well.

The magnetic field may treat various body regions, e.g.
thigh, buttock, hip, abdomen, armpit region or arm. The
muscles may be shaped to enhance visual appearance of the
treated body region. The body part may obtain enhanced
visual appearance of its contour.

A plurality of applicators may be used for treatment of big
patient and/or for treatment of pair muscles, e.g. buttock.
Alternatively a plurality of applicators may be used for
treatment of large treatment regions such as abdomen. Two
applicators may be preferably used. Each applicator includes
at least one magnetic field generating device. One applicator
may be used for muscle toning.

A plurality of applicators may be placed in such position
that centers of the magnetic field generating devices are in
a distance in a range of 2 to 80 cm, preferably in a range of
5 to 60 cm, more preferably in a range of 10 to 50 cm, most
preferably in a range of 15 to 40 cm or up to 100 cm.

A plurality of the magnetic field generating device may be
used for treatment of cooperating muscles in order to
enhance a visual appearance of the body region and/or to
increase coordination of a movement of the body part such
as a limb or an abdomen of the patient.

One exemplary cooperating muscle set may be an agonist-
antagonist pair of an arm of the patient. M. biceps brachii is
responsible for forearm flexion. Oppositely, m. triceps
brachii is responsible for extension of the forearm. Alterna-
tively cooperating muscles responsible for flexion/extension
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may be represented by hamstrings, i.e. m. biceps femoris,
and m. quadriceps femoris; or m. tibialis anterior and m.
triceps surae.

Alternative exemplary cooperating muscles may be left
and right m. obliquus externus abdominus; or mm. pecto-
rales and m. latissimus dorsi.

The magnetic field may treat at least one muscle of lower
limb, particularly the parts which are prone to cellulite such
as thighs or saddlebags. The time-varying magnetic field
may induce at least muscle contraction in different muscle
and/or muscle group. Following the position and/or orien-
tation of the magnetic field generating device the anterior,
posterior and/or medial compartment of the thigh may be
treated. The anterior compartment includes sartorius muscle,
rectus femoris muscle, vastus lateralis muscle, vastus inter-
medius muscle, vastus medialis muscle. Posterior compart-
ment includes biceps femoris muscle, semitendinosus
muscle and semimembranosus muscle. Medial compartment
includes pectineus muscle, external obturator muscle, gra-
cilis muscle, adductor longus muscle, adductor brevis
muscle and adductor magnus muscle.

The treatment may cause circumferential reduction of
thigh. Further the muscle may obtain enhanced visual
appearance, thigh may be well-shaped. Thigh contour may
be enhanced as well.

The at least one surrounding body region may be treated
as well, e.g. buttock.

The applicator may be placed within proximity of the
patient’s treated area. The applicator may be fixed to the
patient. Alternatively the correct position may be provided
by a mechanic arm and/or adjustable applicator. The appli-
cator may be made of adhesive and/or high friction material
at least on contact surface with the patient.

The magnetic field may be generated with low repetition
rate of such as 1 Hz for a predetermined period of time, e.g.
30 seconds, sufficient for setting the applicator to a correct
position where the treatment is most effective. During the
period the magnetic flux density may be adjusted following
the patient’s needs to induce muscle contraction sufficiently
strong and comfortable for the patient.

The treatment may start a treatment protocol. The treat-
ment protocol may include a set of predetermined treatment
sequences consisted of predetermined repetition rates
applied for a predetermined time periods. The sequences
may be repeated and/or adjusted following the patient’s
need. The sequence may include a repetition rate in the range
of' 1 to 100 Hz, preferably in the range of 2 to 90 Hz, more
preferably in the range of 5 to 50 Hz, most preferably in the
range of 10 to 45 Hz. The sequences may last at least 30, 45,
60, 90, 120 or up to 300 seconds.

A treatment may include at least 500 magnetic pulses per
one treatment, or at least 1000 magnetic pulses per one
treatment are applicable as well. Alternatively the treatment
may include at least 2000, preferably at least 5000, more
preferably at least 10000, even more preferably at least
20000 pulses, most preferably at least 50000 pulses per one
treatment. The treatment may include up to 200000 pulses
per one treatment.

Alternatively the treatment may include the only the
treatment protocol without applying the magnetic field of
low repetition rate. The correct position of the applicator
and/or adjusting the magnetic flux density may be adjusted
during the first sequence of the treatment protocol.

In one application, the treatment may induce the same
effect as muscle exercising of buttock. During the treatment
of buttock the magnetic field may be targeted to treat of
muscles shaping the buttock, e.g. tensor fasciae latae muscle
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or at least one of gluteal muscles: maximus, medius or
minimus. In one preferred application all three gluteal
muscles may be treated. Further other muscles may be
treated, e.g. abdominal muscles, spinal muscles and/or tho-
racic muscles. By the complex treatment and muscle con-
traction in the body region the treated muscles may be
strengthened, toned, the cellulite may be reduced and
dimples may be removed. Buttock and even the patient’s
figure may be enhanced in visual shape appearance and may
become more attractive. Buttock become well-shaped,
round, firm, well-trained, toned, smoother, tight and lifted.
The complex treatment may reduce hips, make perfect round
and lifted buttock, increasing the self-confidence of the
patient

The treatment may be more efficient than standard work-
out in fitness since the fitness machines strengthen only the
isolated muscles. The results may be achieved in very
short-time periods with minimal time of treatment. Without
being limited, it is believed that the exercising of the gluteus
medius may reduce the volume of the buttock; exercising of
the gluteus maximus may shape and/or lift the buttock;
exercising of the gluteus minimus may lift the buttock.

In the preferred application the magnetic treatment may
be combined with other treatment methods using different
approaches, e.g. auxiliary treatments. The combined treat-
ment may be applied to the surroundings tissues around
buttock to reduce the cellulite around the buttock and
enhance the shape of the enhanced appearance of the but-
tock. The surrounding tissues may be represented by e.g.
abdomen, love handles, thigh or saddlebags.

Combined treatment may be applied simultaneously, with
overlap or separately by one or multiple treatment devices.
Combined treatment may refer to application of the treat-
ment method to the same or different body region. Com-
bined treatment may lead to the same or different treatment
effect. The example of combined treatment provided sepa-
rately may be application of magnetic field to the patient
followed by the application of any of auxiliary treatment
methods to the patient and vice versa. The period between
the applications of the combined treatment may be imme-
diately after the first treatment up to several months. The
treatment by magnetic field according to this application
may follow or precede the thermal therapy of the same or
different body region and to reach same or different treat-
ment effect.

More preferably the combined therapy is applied to the
same body region in order to improve the treatment effect,
even more preferably the treatment effect is adipose tissue
reduction and/or muscle strength and/or muscle volume
increase.

The magnetic field may treat at least one muscle respon-
sible for silhouette of the body. The time-varying magnetic
field may induce at least muscle contraction in different
muscle and/or muscle group responsible for silhouette in the
region of abdomen, love handles and/or bra fat. Following
the position and/or orientation of the magnetic field gener-
ating device rectus abdominis muscle may be treated. Alter-
natively latissimus dorsi muscle, abdominal internal oblique
muscle, abdominal external oblique muscle, transverse
abdominal muscle and/or pyramidalis muscle may be treated
by the time-varying magnetic field.

The treatment may cause circumferential reduction in the
region of belly, hips and/or love handles. Alternatively the
treatment may tighten at least one of these body parts.
Further the muscles may obtain enhanced visual appearance,
belly may be well-shaped. Repetitive application may even
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reach in a six-pack look. The at least one surrounding body
region may be treated as well, e.g. buttock.

The magnetic field may treat at least one muscle of upper
limb, particularly the parts which may be prone to cellulite
such as arm. The time-varying magnetic field may induce at
least muscle contraction. Following the position and/or
orientation of the magnetic field generating device the at
least muscle contraction may occur in biceps brachii muscle,
brachialis muscle, coracobrachialis muscle and/or triceps
brachii muscle.

The treatment may cause circumferential reduction of the
arm. Further the muscle may obtain enhanced visual appear-
ance, arm may be well-shaped. Arm contour may be
enhanced as well.

The at least muscle contraction may be more efficient for
adipose tissue metabolism as the value of magnetic flux
density increases since the muscle contraction may be
stronger. The higher magnetic flux density may treat the
higher number of muscle fibers contraction and the more
adipose tissue may be reduced. Therefore the visual appear-
ance of regions prone to cellulite may be enhanced.

Treatment by time-varying magnetic field may induce
lipolysis. Adipose tissue may be reduced by decreasing the
number and/or volume of adipose cells. Promoted adipose
cell metabolism may increase as the value of magnetic flux
density increases. The treatment may release free fatty acids
(FFA) from at least one adipose cell. The increased concen-
tration of FFA may influence a homeostasis of the adipose
cell. A disruption of the homeostasis may cause a dysfunc-
tion of the adipose cell. The dysfunction may be followed by
stress for endoplasmic reticulum (ER stress). ER stress may
cause additional lipolysis and/or apoptosis of the at least one
adipose cell.

Furthermore, ER stress may cause increase of intracellu-
lar calcium ions (Ca2+) which may promote an apoptotic
process and may continue into controlled cell death of the
adipose cell. The apoptosis may be induced by Ca-depen-
dent effectors, e.g. calpain or caspase-12. Endogenous
ligands or pharmacological agents, such as vitamin D, may
induce prolonged cytosolic calcium increase. Vitamin D
may influence release of Ca2+ from endoplasmic reticulum.
Hence the effect of treatment may be enhanced by applica-
tion of vitamin D and/or Ca2+ prior, during and/or after the
treatment. The most significant effect may be achieved by
application of both, Ca2+ and vitamin D, prior the treatment
to provide all factors influencing adipose cell apoptosis.

Alternatively, increased level of Ca2+ may induce
autophagy within adipose cell as well. Autophagy is self-
eating process of cellular organelles to produce energy and
it may proceed into cell death. Autophagy may be induced
by ER stress or it may be induced via Ca2+ signaling.

FIG. 9 illustrates pathways which may induce apoptosis
of the at least one adipose cell. FFA may accumulate in the
at least one adipose cell (32). The magnetic field may induce
lipolysis (33), i.e. a release of FFA from adipose tissue.
Accumulated FFA may reach a threshold when adipose cell
is unable to utilize FFA. A dysfunction of the adipose cell
may occur. The adipose cell may react on the dysfunction by
ER stress (34). ER stress may induce lipolysis hence addi-
tional release of FFA may occur (32). ER stress may cause
apoptosis of the adipose cell (35). Furthermore, the ER
stress may release Ca2+ (36) which may contribute the
apoptosis (35).

The effect of the treatment by magnetic field for adipose
tissue reduction may be influenced by various biological
processes and/or pathways as recited above. The processes
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and/or pathways may be synergic hence the adipose tissue
reduction may be accelerated and/or more efficient.

The method may cause the circumferential reduction i.e.
a reduction of the size of the treated body region. The
method may be mostly indicated for the regions with cel-
lulite, particularly for thigh, buttock, saddlebag, love handle,
armpit, abdomen, hip and/or arm. However, the indication is
not limited to the mentioned regions and the method may be
used for treatment of any other body region.

Furthermore, the method may change BMI index of the
patient. In a preferred application the BMI of the patient may
be reduced. Alternatively, the BMI of the patient may
increase.

According to one application the time-varying magnetic
field may be applied in various pulse sequences called
protocol. The protocol may include a plurality of sections
including trains and bursts. The section may include specific
train duration, the burst duration or the section duration.
Sections may vary in treatment parameters such as a rep-
etition rate; a number of impulses in a train; a burst duration
or a modulation of the time-varying magnetic field, i.e.
changing the treatment parameters in time, alternatively the
sections may be repeated or alternated. An amplitude modu-
lation of the time-varying magnetic field may be used, i.e. a
modulation in magnetic flux density. The modulation in
magnetic flux density may be interpreted as changing the
amplitude of the magnetic pulses in order to generate an
envelope. Different envelopes are differently perceived by
the patient. The treatment results may differ following the
protocol. The protocol may include at least two bursts or
sections which differs from each other in magnetic flux
density, repetition rate or impulse duration.

The train includes a plurality of subsequent magnetic
pulses, i.e. at least two magnetic pulses. Each magnetic
pulse may include one biphasic impulse of the time-varying
magnetic field lasting an impulse duration followed by no
magnetic field lasting a first time period. Burst includes one
train and a time with no magnetic field generated, or the train
may be followed by a static magnetic field or a time-varying
magnetic field insufficient to cause a muscle contraction.
The burst may cause at least one contraction of a muscle
followed by no contraction of the muscle, i.e. relaxation of
the muscle may follow after the contraction of the muscle.

The train may last at least 4, 8, 25, 100, 200, 250, 300,
500, 750 ms or 1, 2, 4, 5, 7.5, 10 12.5, 15 or more seconds.
The train may be in order of tens of seconds as well. The
burst may last in a range of 10 ms to 100 seconds, e.g. 50,
100, 250, 500 ms or 1, 2, 5, 8, 15, 20, 30 or more seconds.
An exemplary treatment may include at least 2, 5, 10, 25, 50,
100, 250 or 500 bursts. Alternatively the treatment may
include a number of bursts in a range of 15 to 25000,
preferably in a range of 40 to 10000, more preferably in a
range of 75 to 2500, even more preferably in a range of 150
to 1500, most preferably in a range of 300 to 750 or up
100000. A time between two subsequent trains may be at
least 5, 10, 50, 100, 200, 500, 750 ms. Alternatively the time
between two subsequent trains may last in order of ones or
tens of seconds such as 1, 2, 2.5, 5, 7.5, 10, 15, 20 seconds
or more.

The protocol may include a plurality of sections. The
sections may be generated sequentially. The sections may
include different treatment parameters such as a repetition
rate; a number of impulses in a train; a burst duration or a
modulation of the time-varying magnetic field, i.e. changing
the treatment parameters in time. An amplitude modulation
of the time-varying magnetic field may be used, ic. a
modulation in magnetic flux density. The modulation in

10

15

20

25

30

35

40

45

50

55

60

65

34

magnetic flux density may be interpreted as changing the
amplitude of the magnetic pulses in order to generate an
envelope.

The train is a group of subsequent impulses delivered to
the patient. The burst includes one train and time of no
magnetic field generation. The section may include a plu-
rality of trains and/or bursts. The impulses in one train may
preferably differ in magnetic flux density in order to estab-
lish a train shape. The train shape is herein after as an
envelope. The section includes may include a plurality of
identical trains, envelope included.

The repetition rate in the subsequent bursts may incre-
mentally increase/decrease with an increment of at least 1,
2, 5 Hz or more. Alternatively the magnetic flux density may
vary in the subsequent bursts, such as incrementally
increase/decrease with an increment of at least 1, 2, 5% or
more of the previous burst.

The section may include specific train duration, the burst
duration or the section duration. The magnetic flux density
may be modulated in amplitude to enable treatment of
various envelopes. Different envelopes are differently per-
ceived by the patient.

Trapeziodal envelope is perceived by the patient as the
most comfortable. Trapeziodal envelope respects natural
course of muscle contraction, i.e. the muscle contraction
may be time-varying. Strength of natural muscle contraction
increases, holds at the highest strength and decreases. Simi-
larly the trapeziodal envelope corresponds with natural
muscle contraction, i.e. the strength of the muscle contrac-
tion may correspond with the magnetic flux density. The
magnetic flux density increases, holds and decreases.

FIG. 13 illustrates an exemplary trapezoidal envelope.
Vertical axis may represent magnetic flux density. Horizon-
tal axis may represent time. Trapezoidal envelope is a train
of pulses, where T is time with increasing magnetic flux
density called increasing transient time, i.e. the amplitude of
the magnetic flux density may increase. T, is time with
maximal magnetic flux density, i.e. the amplitude of the
magnetic flux density may be constant. T, is time with
decreasing magnetic flux density, i.e. the amplitude of the
magnetic flux density may decrease. A sum of T, T, and T
may be trapezoidal envelope duration.

The trapezoidal envelope may decrease energy consump-
tion. The biological effect caused by trapezoidal envelope
may equal to biological effect caused by a rectangular
envelope. Due to lower energy consumption the trapezoidal
shape may enable improved cooling of the magnetic field
generating device. Further the resistive losses may be
reduced due to lower temperature of the magnetic field
generating device.

Different repetition rate may cause different type of
muscle contraction. Each type of muscle contraction may
consume different energy.

Generally, at least two pulses are necessary to create a
simple shape of the envelope, e.g. rectangular or trapezoid.
However, the more complex envelope shape is the more
pulses are needed. The induced energy (IE) stimulating the
target neural structure is a function of repetition rate, mag-
netic flux density and/or impulse duration. The envelope
may consist of several impulses 10 called train. The number
of pulses in one train varies in range of at least 2 pulses to
thousands of pulses.

Envelope may be generated by time-varying magnetic
field of varying peak magnetic flux density hence the
process is called magnetic flux density modulation
(MFDM). The principle of MFDM is described in FIGS. 28a
and 28b. The repetition rate of the time-varying magnetic
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field is constant hence the period of the pulse is constant.
The impulse duration remains constant as well. However,
the magnetic flux density of each impulse 10 varies with
respect to the preceding impulse 2810, as in FIG. 28a.
Therefore each impulse magnetic flux density is different
from magnetic flux density of the preceding impulse. The
principle is explained by triangular shaped envelope 2811 as
shown in FIG. 285.

Alternatively the envelope may be generated in repetition
rate domain hence the process is called repetition rate
modulation (RRM). The principle of RRM is described in
FIGS. 294 and 2956. The magnetic flux density of each
impulse 2810 remains constants. The impulse duration
remains constant as well. Therefore the induced energy for
one pulse is constant. However, the repetition rate varies
hence the time duration of each pulse varies with respect to
the preceding pulse, see FIG. 29a. The actual value of
induced energy corresponds to the actual repetition rate of
the time-varying magnetic field. When the repetition rate
increases the value of induced energy increases or vice
versa. The principle is explained by triangular shaped enve-
lope 2811, see FIG. 295.

According to still another aspect of the application, enve-
lope may be generated in impulse duration domain. The
principle of impulse duration modulation is shown in FIGS.
30a and 305 where the magnetic flux density and the
repetition rate of time-varying magnetic field remains con-
stant. However, the impulse 2810 duration of each pulse
varies as shown FIG. 30a. The principle is explained by
triangular shaped envelope 2811 in FIG. 305.

FIG. 14 illustrates different types of muscle contraction.
The muscle contraction may differ in energy consumption.
Vertical axis may represent a strength of the muscle con-
traction. Horizontal axis may represent time. Arrows may
represent magnetic pulses applied to the muscle of the
patient.

Low repetition rate of the time-varying magnetic field
pulses, e.g. 1, 2, 5 or up to 15 Hz, may cause a twitch. Low
repetition rate may be sufficiently low to enable the treated
muscle to fully relax. The energy consumption of the treated
muscle may be low due to low repetition rate.

Intermediate repetition rate of the time-varying magnetic
field pulses, e.g. 15, 20, 25 or up to 29 Hz, may cause
incomplete tetanus muscle contraction. Incomplete tetanus
may be defined by a repetition rate in a range of 10 to 30 Hz.
The muscle may not fully relax. The muscle may be partially
relaxed. The muscle contraction strength may increase with
constant magnetic flux density applied.

Higher repetition rate of the time-varying magnetic field
pulses, e.g. 30, 35, 40 Hz or higher up to 90 Hz, may cause
complete tetanus muscle contraction. The complete tetanus
muscle contraction may cause the strongest supramaximal
muscle contraction. The supramaximal muscle contraction
may be stronger than volitional muscle contraction. The
energy consumption may be higher. The strengthening effect
may be improved. Further, it is believed that at repetition
rates of at least 30 Hz the adipose cells may be reduced in
volume and/or in number.

Even higher repetition rate of the time-varying magnetic
field pulses over 90 Hz may suppress and/or block pain
excitement transmission at different levels or neural system
and/or pain receptors. The repetition rate may be preferably
at least 100 Hz, more preferably at least 120 Hz, most
preferably at least 140 Hz. The application of time-varying
magnetic field to the muscle of the patient may cause pain
relief effect.
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High repetition rate of the time-varying magnetic field
pulses over 120 Hz may relieve a tonus of the muscle. The
repetition rate may be preferably at least 150 Hz, more
preferably at least 180 Hz, most preferably at least 200 Hz.
The application of the time-varying magnetic field to the
muscle of the patient may cause myorelaxation effect.

A quality of the muscle contraction caused by the time-
varying magnetic field may be characterized by parameters
such as a contractile force of the muscle contraction, a
muscle-tendon length, a relative shortening of the muscle or
a shortening velocity of the muscle.

The contractile force of the muscle contraction may reach
a contractile force of at least 0.1 N/cm? or up to 250 N/cm?.
The contractile force may be in a range of 0.5 to 200 N/cm?,
more preferably in the range of 1 to 150 N/cm?®, most
preferably in the range of 2 to 100 N/cm?.

The muscle-tendon length may reach up to 65% of a rest
muscle-tendon length. The muscle-tendon length may be
preferably in a range of 1 to 60% of the rest muscle-tendon
length, more preferably in a range of 3 to 55% of the rest
muscle-tendon length, most preferably in a range of 5 to
50% of the rest muscle-tendon length.

The muscle may be shortened during the muscle contrac-
tion up to 60% of a rest muscle length. The muscle short-
ening may be in a range of 0.1 to 50% of the rest muscle
length, more preferably in the range of 0.5 to 40% of the rest
muscle length, most preferably in the range of 1 to 25% of
the resting muscle length.

The muscle may shorten at a velocity of up to 10 cm/s.
The muscle shortening velocity may be preferably in a range
of 0.1 to 7.5 cr/s, more preferably in the range of 0.2 to 5
cm/s, most preferably in the range of 0.5 to 3 cm/s.

According to one application, a time-varying magnetic
field may be applied to the patient in order to cause a muscle
shaping effect by muscle contraction. The muscle may
obtain increased tonus and/or volume. Strength of the
muscle may increase as well.

The application may be intended for muscle treatment.
The treatment by repetition rate up to 45 Hz may provide
significant treatment results in muscle shredding effect. The
muscle shaping protocol may include three sections of
different repetition rates and time durations.

First section may include a repetition rate in a range of 10
to 30 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time in a range of 0.75 to 2.5 seconds. Then the
magnetic flux density may decrease to zero for a time in a
range of 0.5 to 1.5 seconds. Afterward the relaxation period
may follow for a time in a range of 1 to 5 seconds, i.e. no
time-varying magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 2.5
to 10 seconds. The section duration may be 30 to 150
seconds.

First section may be used for preparing the muscle for the
following section. The section may heat up the muscle.
Further the blood circulation may be improved to provide
enough energy and/or oxygen to the treated muscle.

Second section may include a repetition rate in a range of
20 to 40 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
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magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time in a range of 1 to 3 seconds. Then the magnetic
flux density may decrease to zero for a time in a range of 0.5
to 1.5 seconds. Afterward the relaxation period may follow
for a time in a range of 1 to 7 seconds, i.e. no magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.75 to 12.5 seconds. The section
duration may be in a range of 50 to 250 seconds.

The second section includes higher repetition rate than the
first section. The higher repetition rate may enable stronger
muscle contraction of the treated muscle. The supramaximal
muscle contraction may cause improved muscle shaping
effect. Further the time duration of maximal magnetic flux
density application is longer with respect to the first section.
The longer and/or the stronger the muscle contraction the
improved muscle shaping effect may be caused. On the other
hand the longer and/or the stronger the muscle contraction
the more lactate may be formed. The longer relaxation
period may be required during the second section compared
to first section, i.e. the time-varying magnetic field is not
applied to the patient.

Third section may include a repetition rate in a range of
2 to 6 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 1.5 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time on a range of 0.5 to 1.5 seconds. Then the
magnetic flux density may decrease to zero for a time in
range 2.5 to 7.5 seconds. Afterward the period of no apply-
ing the magnetic field to the patient may follow for a time
in a range of 3 to 12 seconds. The total time duration may
be in a range 6 to 22 seconds. The section duration may be
in a range of 30 to 110 seconds.

The third section may be used for muscle relaxation.
Relaxation section is important to enable long lasting treat-
ment without exhausting the treated muscle. The relaxation
section may prevent a lactate accumulation and muscle pain
after the treatment. The relaxation section may cause mas-
sage effect. The relaxing section may include the lower
repetition rate and the longest relaxation period. Further the
relaxation section may extend the treatment time and
increase the treatment results.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient in a
range of three to ten times within one treatment.

According to another application the time-varying mag-
netic field may be applied to the patient in order to cause
muscle shaping effect by muscle contraction and a reduction
of adipose cells. The muscle may obtain increased tonus
and/or volume. Strength of the muscle may increase as well.
The adipose cells may be reduced in number and/or volume.

The application may be intended for adipose cells reduc-
tion, intramuscular fat decrease and for the muscle treat-
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ment. The combined protocol may include three sections of
different repetition rates and time durations.

The application may begin with a repetition rate suitable
for causing strong muscle contractions in order to heat up the
treated muscles in very short time duration in order to burn
glycogen.

First section may include a repetition rate in a range of 20
to 40 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
decrease to zero for a time in a range of 0.75 to 4 seconds.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

First section may be used for strong muscle contraction of
the treated muscle. The supramaximal muscle contraction
may cause improved muscle shaping effect. Further short
time duration of maximal magnetic flux density application
may provide improved blood perfusion of the muscle. The
section duration may be sufficiently long to shred the treated
muscle.

Second section may include a repetition rate of 30 to 60
Hz. The maximal magnetic flux density may be maintained
at maximal acceptable value which may be perceived by the
patient. Trains may be modulated in magnetic flux density to
a trapezoidal envelope. The trapezoidal envelope may
include increasing transient time duration in a range 0.25 to
1000 ms. After the magnetic flux density reaches the maxi-
mal value the magnetic flux density may be maintained at
the maximal acceptable value for a time in a range of 2 to
5 seconds. Then the magnetic flux density may decrease to
zero for a time in a range of 0.5 to 2 seconds. Afterward the
relaxation period may follow for a time in a range of 2 to 10
seconds, i.e. no magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 5
to 15 seconds. The section duration may be in a range of 35
to 150 seconds.

The second section includes higher repetition rate than the
first section. It is believed that the repetition rate up to 30 Hz
may result in muscle forming. The repetition rate over 30 Hz
may result in adipose cells reduction due to increased energy
consumption of the treated muscle to sustain the supramaxi-
mal muscle contraction. The increased energy consumption
may result in a metabolism of adipose cells. The adipose
cells may be reduced by number and/or volume. Time
duration of maximal magnetic flux density application is
longer with respect to the first section. The longer and/or the
stronger the muscle contraction the more adipose cells may
be reduced. On the other hand the longer and/or the stronger
the muscle contraction the more lactate may be formed. The
longer relaxation period may be required during the second
section compared to first section, i.e. the time-varying mag-
netic field is not applied to the patient.

Third section may include a repetition rate in a range of
2 to 8 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
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duration of a time in a range of 0.25 to 1.5 seconds. After the
magnetic flux density reaches the maximal value the mag-
netic flux density may be maintained at the maximal accept-
able value for a time in a range of 0.25 to 2.5 seconds. Then
the magnetic flux density may decrease to zero for a time in
a range of 2 to 8 seconds. Afterward the period of no
applying the magnetic field to the patient may follow for a
time in a range of 3 to 10 seconds. The total time duration
of'the burst may be in a range of 5 to 20 seconds. The section
duration may be in a range of 50 to 250 seconds.

The third section may be used for muscle relaxation.
Relaxation section may enable long lasting treatment with-
out exhausting the treated muscle. The relaxation section
may prevent a lactate accumulation and muscle pain after
the treatment. Further the relaxation section includes apply-
ing the time-varying magnetic field to the muscle of the
patient with repetition rate in a range of 2 to 8 Hz. The
relaxation may be active relaxation. The muscle may be
relaxed and the metabolism may not be immediately
stopped. The relaxation section may cause massage effect.
The relaxing section may include the lower repetition rate
and the longest relaxation period. Further the relaxation
section may extend the treatment time and increase the
treatment results.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient six
times within one treatment.

The maximal magnetic flux density of the train may be
maintained at maximal acceptable value during the treat-
ment for at least 10 minutes, more preferably around 30
minutes. On the other hand the maximal magnetic flux
density of the train may be maintained below maximal
acceptable value during the treatment longer than 30 min-
utes, more preferably up to 240 minutes. It may be recom-
mended to maintain the maximal magnetic flux density of
the train in a range of 80 to 95% of the maximal acceptable
value by the patient in order to prevent exhaustion of the
treated muscle. The longer the treatment the improved
treatment effect may be caused.

The glycogen storage may decrease in short time duration
due to supramaximal muscle contractions. The first section
may be used for causing the muscle shredding effect and also
for promoting energy consumption in order to start the
adipose cell metabolism. The second section is believed to
activate adipose cells metabolism in order to reduce the
adipose cells in number and/or volume. The first and the
second sections may demand high energy consumption of
the treated muscle.

The time-varying magnetic field may be applied to the
patient by one applicator. A plurality of applicators may also
be used. In an exemplary embodiment two applicators may
be used for treating large body regions such as abdomen.
Alternatively two applicators may be used for treating lateral
muscles such as muscles of buttock or thigh.

The magnetic field may be applied to the patient’s in a
sequence for muscle shaping. The muscle shaping effect
may be preferably used for tightening thigh of the patient,
increasing volume of a buttock, lifting the buttock and/or
shredding abdominal muscles of the patient. The applicator
including the magnetic field generating device may contact
the patient in a body region on transversal circumference of
the patient’s body between rib-cage and popliteal fossa.
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Alternatively the applicator may be placed above another
muscle to be shredded, toned and/or volumized.

Shaping a buttock may be caused by application the
time-varying magnetic field to the muscles of buttock or
surrounding muscles, e.g. tensor fasciae latae muscle or at
least one of gluteal muscles: maximus, medius or minimus.
In one preferred application all three gluteal muscles may be
treated. By the complex treatment and supramaximal muscle
contraction of buttock the muscles are strengthened, toned,
the cellulite may be reduced and dimples may be removed.
Buttock and even the patient’s figure may be enhanced in
visual shape appearance and become more attractive. But-
tock become well-shaped, round, firm, well-trained, toned,
smoother, tight and lifted. The complex treatment may
reduce hips, make perfect round and lifted buttock, increas-
ing the self-confidence of the patient. Without being limited,
it is believed that the exercising of the gluteus medius may
reduce the volume of the buttock; exercising of the gluteus
maximus may shape and/or lift the buttock; exercising of the
gluteus minimus may lift the buttock. Furthermore, the
gluteal muscles may grow as well.

The gluteal muscles are inervated by n. gluteus inferior
and n. gluteus superior. Further m. piriformis is innervated
by n. plexus sacralis. The magnetic field generating device
may by placed within proximity of the patient over medial
part of m. piriformis. All muscles of patient’s buttocks may
be treated in such a position of the magnetic field generating
device.

In an exemplary application the magnetic field may be
applied to the buttock. The applicators may be placed in four
regions of the buttock. The buttock may be divided into four
regions. FIG. 15 illustrates exemplary regions for placing
the applicator. The magnetic field generating devices are
represented by dotted ovals on the patient’s body. Each
region may treat specific muscles in order to enable tailor
made application following the patient’s need. The applica-
tor may be placed to the region. In a preferred application the
applicator including the magnetic field generating device
may be placed on the patient between gluteal fold and iliac
crest. The applicator may be attached to the patient by a
length adjustable positioning member such as belt. The
buttock may become firm, toned and/or round shaped.

Further abdominal muscles may be treated, e.g. rectus
abdominis muscle, external oblique muscle, internal oblique
muscle or transversus abdominis muscle. Rectus abdominis
muscle is innervated by nn. intercostale and n. subcostalis.
Exemplary placing of the magnetic field generating device
may be over abdominal area down from the costae towards
the pelvis. External and internal oblique muscle and trans-
versus abdominis muscle are innervated by nn. intercostales,
n. subcostalis, n. iliohypogastricus, n. ilioinguinalis, n.gen-
itofemoralis. The treatment may improve abdominal tone,
strengthen abdominal muscle and/or increase abdominal
firmness.

At least one applicator including at least one magnetic
field may be placed in contact with the patient between
rib-cage and pelvis of the patient. Alternatively the appli-
cator may be placed in a body region between sternum and
anterior superior iliac spine. The applicator may be laterally
shifted. Exemplary placement of the magnetic field gener-
ating device may be between costae and crista iliaca superior
and/or pubic bone. An optimal placement of the magnetic
field generating device may be determined by moving the
magnetic field generating device towards m. rectus abdomis
in order to cause the strongest muscle contraction. The
muscles of abdomen become toned, shredded and/or well-
shaped. The strength of the treated muscles increases as
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well. The volume of the gluteal muscle may increase as well.
FIG. 16 illustrates exemplary placing of the applicators.

In an exemplary application the magnetic field may be
applied to the abdomen of the patient. The applicator may be
placed preferably caudally from the lowest ribs of the patient
in a distance up to 10 cm from the center of the magnetic
field generating device. The location down of the ribs may
be well accepted by the patient. The applicator may not
touch the ribs of the patient. Discomfort caused by the
pressure applied to the ribs by the applicator may be
reduced. Alternatively the magnetic field generating devices
may be shifted in lateral direction.

In a preferred application two applicators may be placed
on the patient and fixed by a positioning member, e.g. belt.
The two applicators may be placed laterally on the patient.
In an alternative application a plurality of the magnetic field
generating devices may be within one applicator covering
the abdominal area. The magnetic field generating devices
may be moveable within the applicator.

The application of the time-varying magnetic field to the
abdominal region may increase an apoptotic index for at
least 5% with respect to an apoptotic index prior to treat-
ment. The apoptotic index may be increased by the treatment
of the abdominal region in a range of 50 to 400%, preferably
in a range of 60 to 250%, more preferably in a range of 75
to 175%, most preferably in a range of 90 to 150%, or up to
600%. Further repeating the treatment method may decrease
a fat layer thickness for at least 0.1%, preferably in a range
ot 0.5 to 60%, more preferably in a range of 1 to 50%, even
more preferably in a range of 2 to 40%, most preferably in
a range of 3 to 30% or up to 75% in the abdominal region.
Further the abdominal muscles may increase a cross-section
thickness for at least 0.1%, preferably in a range of 0.5 to
50%, more preferably 1 to 35%, even more preferably in a
range of 2 to 30%, most preferably in a range of 3 to 25%
or up to 75%. Furthermore, diastasis of abdominal muscles
such as rectus abdominis may be reduced up to 50%,
preferably in a range of 1 to 30%, more preferably 2 to 35%,
most preferably in a range of 3 to 30%. Moreover the
repetitive treatment may cause a circumferential reduction
of abdominal region and/or waist. The circumferential
reduction may be at least 0.5 cm, preferably at least 1 cm,
more preferably at least 2 cm, even more preferably at least
3 cm, most preferably at least 5 cm or up to 25 cm.
Alternatively the circumferential reduction may be at least
1%, preferably at least 2%, more preferably at least 4%,
even more preferably at least 8%, most preferably around
10% or up to 15% of the circumferential length prior the first
treatment.

Further the muscles of thigh may be treated, e.g. tensor
fascia latae muscle, vastus lateralis muscle or iliotibial
muscle. The thigh may obtain lifted appearance and/or the
contour may be improved. The saddlebacks may be reduced
as well. The treatment may cause thigh strengthening, toning
and/or firming.

One exemplary application of the time-varying magnetic
field for causing the muscle contraction may be placing the
magnetic field generating device over m. quadriceps femoris
innervated by n. femoralis. The magnetic field generating
device may be placed within proximal end of the m. quad-
riceps femoris. The magnetic field generating device may be
placed in distal direction to popliteal fossa.

Alternative exemplary application of thigh treatment may
be application of time-varying magnetic field to m. biceps
femoris, m. semimembranosus and/or semitendinosus (so
called hamstrings) innervated by n. ischiadicus and n. tibi-
alis. The magnetic field generating device may be placed
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within close proximity of gluteal sulcus, the so called gluteal
fold. The magnetic field generating device may be placed in
distal direction.

In an alternative application, muscles of calf may be
treated by the time-varying magnetic field, e.g. m. triceps
surae innervated by n. tibialis. One exemplary placement of
the magnetic field generating device may be close to
popliteal fossa. Alternatively the magnetic field generating
device may be placed in distal direction.

In an alternative application, an arm of the patient may be
treated by the time-varying magnetic field. The treatment
may tone, firm and/or strengthen the muscles of arm. Flexors
of the arm, e.g. m. biceps brachialis or m. coracobrachialis
innervated by n. musculocutaneus, may be treated by the
magnetic field generated by the magnetic field generated
device placed on anterior side of the arm in a proximal
direction from m. deltoideus. Extensors of the arm, e.g. m.
triceps brachii or m. anconeus innervated by n. radialis, may
be treated by a magnetic field generating device placed on
the posterior side of the arm in a proximal direction from m.
deltoideus. The magnetic field generating device may be
placed at a distal end of the muscle.

In an alternative application, muscles of a forearm of the
patient may be treated by the time-varying magnetic field.
The muscles of the forearm are innervated by n. radialis, n.
medialis and/or n. ulnaris. The magnetic field generating
device may be placed proximally from the elbow. The
magnetic field generating device may be placed at a distal
end of the muscles.

Alternatively muscles in region of bra fat may be treated
by the time-varying magnetic field, e.g. muscles latissimus
dorsi, infraspinatus, supraspinatus, trapezius, rhomboid
major/minor, teres major and/or minor, serratus anterior,
pectoralis major and/or minor. The magnetic field may be
applied to a dorsal body region between crista iliaca superior
and scapula included. Alternatively the magnetic field may
be applied to a ventral body region between clavicle, ster-
num, rib VI and crista tuberculi majoris humeri. An armpit
fat may be reduced as well.

In an alternative application, pectoral muscles innervated
by nn. Pectorals laterales or mediales may be treated. An
exemplary application may be placing the magnetic field
generating device to subclavicular area in order to treat mm.
pectorales minors. Alternatively placing the magnetic field
generating device to parasternal area may treat mm. pecto-
rales majors. The magnetic field generating device may be
placed proximal to the sternum of the patient.

Alternatively, neck muscles may also treated by applying
the time-varying magnetic field to the suprascapular region.
The applicator may be also placed in a cranial direction
above clavicle. The treatment may cause submental tight-
ening and/or platysma tightening. Neck rejuvenation may be
caused as well.

Alternatively, head muscles such as facial muscles may be
treated by time-varying magnetic field. One exemplary
application may be treatment of m. buccalis, orbicularis oris
or oculi etc. The treatment may cause facial rejuvenation.

The treatment is more efficient than standard workout in
fitness since the machines strengthen only the isolated
muscles and/or muscles groups. The results may be achieved
in very short-time periods with minimal time of treatment.

In the preferred application the magnet treatment may be
combined with other treatment methods using different
approaches, e.g. auxiliary treatments. The combined treat-
ment may be applied to the surroundings tissues around
buttock to reduce the cellulite around the buttock and
enhance the shape of the enhanced appearance of the but-
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tock. The surrounding tissues may be represented by e.g.
abdomen, love handle, thigh or saddle bag.

According to another application the time-varying mag-
netic field may be applied to the patient in order to cause
muscle shaping effect by muscle contraction and a reduction
of adipose cells. The muscle may obtain increased tonus
and/or volume. Strength of the muscle may increase as well.

The treatment may be used for improvement of a region
of pelvic floor and/or surrounding tissues such as female
genital tissue including vulva and vagina. The muscle in
proximity of vagina may be toned or tightened. The vagina
may be tightened as well. Further the sexual arousal may be
improved due to the tightened muscles. Similar effect may
be caused in male population. The muscles of pelvic floor
may be strengthened and erectile function may be improved.

The combined protocol may include three sections of
different repetition rates and time durations.

First section may include a repetition rate in a range of 90
to 150 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 1 to 5 seconds. After the magnetic flux
density reaches the maximal value the magnetic flux density
may be maintained at the maximal acceptable value for a
time in a range of 1 to 5 seconds. Then the magnetic flux
density may decrease to zero for a time in a range of 1 to 5
seconds. Afterward the relaxation period may follow for a
time in a range of 1 to 5 seconds, i.e. no time-varying
magnetic field may be applied to the patient. The total time
duration of the burst may be in a range of 4 to 20 seconds.
The section duration may be in a range of 10 to 50 seconds.

First section may be used for preparing the muscle for the
following section. The section may heat up the muscles.
Further the blood circulation may be improved to provide
enough energy and/or oxygen to the treated muscle. The
repetition rate in the range of 90 to 150 Hz modulated in
magnetic flux density may be well-accepted by the patient.
It may be comfortable for the patient due to pain relieving
effect of repetition rates over 80 Hz. Further the muscle may
be contracted as complete tetanic muscle contraction.

Second section may include repetition rates in a range of
10 to 45 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 1 to 5 seconds. After the magnetic flux
density reaches the maximal value the magnetic flux density
may be maintained at the maximal acceptable value for a
time in a range of 1 to 5 seconds. Then the magnetic flux
density may decrease to zero for a time in a range of 1 to 5
seconds. Afterward the relaxation period may follow for a
time in a range of 1 to 5 seconds, i.e. no magnetic field may
be applied to the patient. The total time duration of the burst
may be in a range of 4 to 20 seconds. The section duration
may be in a range of 60 to 300 seconds. The repetition rates
may vary after one cycle of the section, e.g. first cycle may
include the repetition rate in a range of 15 to 25 Hz, second
cycle may include the repetition rate in a range of 20 to 30
Hz and third cycle may include the repetition rate in a range
of 25 to 40 Hz.

The second section includes lower repetition rate than the
first section. The lower repetition rate may enable stronger
muscle contraction of the treated muscle. The supramaximal
muscle contraction may cause improved muscle shaping
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effect. Further the time duration of the second section is
longer with respect to the first section. Further the different
repetition rates may cause different muscle contraction. Thy
muscle contraction may vary from incomplete to complete
tetanus muscle contraction. The longer relaxation period
may be required during the second section compared to first
section, i.e. the time-varying magnetic field is not applied to
the patient.

Third section may include a repetition rate up to 2 Hz. The
maximal magnetic flux density may be maintained at maxi-
mal acceptable value which may be perceived by the patient.
Trains may be modulated in magnetic flux density to a
trapezoidal envelope. The trapezoidal envelope may include
increasing transient time duration in a range of 1 to 5
seconds. After the magnetic flux density reaches the maxi-
mal value the magnetic flux density may be maintained at
the maximal acceptable value for a time in a range of 1 to
5 seconds. Then the magnetic flux density may decrease to
zero for a time in a range of 1 to 5 seconds. Afterward the
period of no applying the magnetic field to the patient may
follow for a time in a range of 1 to 5 seconds. The total time
duration of the burst may be in a range of 4 to 20 seconds.
The section duration may be in a range of 15 to 200 seconds.

The third section may be used for muscle relaxation.
Relaxation section is important to enable long lasting treat-
ment without exhausting the treated muscle. The relaxation
section may prevent a lactate accumulation and muscle pain
after the treatment. The relaxation section may cause mas-
sage effect. The relaxing section may include the lower
repetition rate and the longest relaxation period. The rep-
etition rate up to 2 Hz causes effect similar to manual
massage. The twitch may provide high quality relaxation to
the treated muscle. Further the relaxation section may
extend the treatment time and increase the treatment results.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient three
to ten times within one treatment.

First section may include a repetition rate in a range of 80
to 180 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
decrease to zero for a time in a range of 0.75 to 4 seconds.
Alternatively the envelope may be rectangular for a time
period in a range of 1.5 to 7 seconds, i.e. with no modulation.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

First section may be used for temporary pain relief effect.
The temporary pain relief effect may enable applying higher
magnetic flux density during the following sections. The
rectangular envelopes may cause effect similar to muscle
blood pump.

Second section may include a repetition rate of 30 to 60
Hz. The maximal magnetic flux density may be maintained
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at maximal acceptable value which may be perceived by the
patient. Trains may be modulated in magnetic flux density to
a trapezoidal envelope. The trapezoidal envelope may
include increasing transient time duration in a range 0.25 to
1000 ms. After the magnetic flux density reaches the maxi-
mal value the magnetic flux density may be maintained at
the maximal acceptable value for a time in a range of 2 to
5 seconds. Then the magnetic flux density may decrease to
zero for a time in a range of 0.5 to 2 seconds. Afterward the
relaxation period may follow for a time in a range of 2 to 10
seconds, i.e. no magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 5
to 15 seconds. The section duration may be in a range of 35
to 150 seconds.

The second section includes lower repetition rate than the
first section. It is believed that the repetition rate up to 30 Hz
may result in muscle forming. The repetition rate over 30 Hz
may result in adipose cells reduction due to increased energy
consumption of the treated muscle to sustain the supramaxi-
mal muscle contraction. The increased energy consumption
may result in a metabolism of adipose cells. The adipose
cells may be reduced by number and/or volume. Time
duration of maximal magnetic flux density application is
longer with respect to the first section. The longer and/or the
stronger the muscle contraction the more adipose cells may
be reduced. On the other hand the longer and/or the stronger
the muscle contraction the more lactate may be formed. The
longer relaxation period may be required during the second
section compared to first section, i.e. the time-varying mag-
netic field is not applied to the patient.

Third section may include a repetition rate in a range of
150 to 250 Hz. The maximal magnetic flux density may be
maintained at 25, 50 or 75% of the maximal acceptable
value which may be perceived by the patient. Trains may be
not be modulated. The rectangular envelope may be applied
to the patient for a time period in a range of 5 to 10 seconds.
Afterward the period of no applying the magnetic field to the
patient may follow for a time in a range of 3 to 10 seconds.
The total time duration of the burst may be in a range of 8
to 20 seconds. The section duration may be in a range of 50
to 250 seconds.

The third section may be used for muscle relaxation.
Relaxation section may enable long lasting treatment with-
out exhausting the treated muscle. The high repetition rate
may cause high quality muscle relaxation effect for the
treated muscle. Further the relaxation section may extend
the treatment time and increase the treatment results.

A group of the second and the third section may be
repeated for three times to 15 times.

Fourth section may include a repetition rate in a range of
2 to 10 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 1.5 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time on a range of 0.5 to 1.5 seconds. Then the
magnetic flux density may decrease to zero for a time in
range 2.5 to 7.5 seconds. Afterward the period of no apply-
ing the magnetic field to the patient may follow for a time
in a range of 3 to 12 seconds. Alternatively the magnetic
field may be applied to the muscle as a train of pulses of
repetition rate in a range 1 to 5 Hz for a period in a range of
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10 to 30 seconds. The total time duration may be in a range
6 to 30 seconds. The section duration may be in a range of
30 to 110 seconds.

The fourth section may be used for muscle relaxation.
Relaxation section is important to enable long lasting treat-
ment without exhausting the treated muscle. The relaxation
section may prevent a lactate accumulation and muscle pain
after the treatment. The relaxation section may cause mas-
sage effect. The relaxing section may include the lower
repetition rate and the longest relaxation period. Further the
relaxation section may extend the treatment time and
increase the treatment results.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient in a
range of three to ten times within one treatment.

First section may include a repetition rate in a range of 80
to 150 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
decrease to zero for a time in a range of 0.75 to 4 seconds.
Alternatively the envelope may be rectangular for a time
period in a range of 1.5 to 7 seconds, i.e. with no modulation.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

The first section may be used for temporary pain relief
effect. The temporary pain relief effect may enable applying
higher magnetic flux density during the following sections.
The rectangular envelopes may cause effect similar to
muscle blood pump.

Second section may include a repetition rate in a range of
2 to 10 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 1.5 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time on a range of 0.5 to 1.5 seconds. Then the
magnetic flux density may decrease to zero for a time in
range 2.5 to 7.5 seconds. Afterward the period of no apply-
ing the magnetic field to the patient may follow for a time
in a range of 3 to 12 seconds. Alternatively the magnetic
field may be applied to the muscle as a train of pulses of
repetition rate in a range 1 to 5 Hz for a period in a range of
10 to 30 seconds. The total time duration may be in a range
6 to 30 seconds. The section duration may be in a range of
30 to 110 seconds.

The second section may be used for muscle relaxation.
The relaxation section may cause massage effect. The relax-
ing section may include the lower repetition rate and the
longest relaxation period.
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Third section may include a repetition rate of 30 to 60 Hz.
The maximal magnetic flux density may be maintained at
maximal acceptable value which may be perceived by the
patient. Trains may be modulated in magnetic flux density to
a trapezoidal envelope. The trapezoidal envelope may
include increasing transient time duration in a range 0.25 to
1000 ms. After the magnetic flux density reaches the maxi-
mal value the magnetic flux density may be maintained at
the maximal acceptable value for a time in a range of 2 to
5 seconds. Then the magnetic flux density may decrease to
zero for a time in a range of 0.5 to 2 seconds. Afterward the
relaxation period may follow for a time in a range of 2 to 10
seconds, i.e. no magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 5
to 15 seconds. The section duration may be in a range of 35
to 150 seconds.

The third section includes higher repetition rate than the
second section. It is believed that the repetition rate up to 30
Hz may result in muscle forming. The repetition rate over 30
Hz may result in adipose cells reduction due to increased
energy consumption of the treated muscle to sustain the
supramaximal muscle contraction. The increased energy
consumption may result in a metabolism of adipose cells.
The adipose cells may be reduced by number and/or volume.
Time duration of maximal magnetic flux density application
is longer with respect to the first section. The longer and/or
the stronger the muscle contraction the more adipose cells
may be reduced. On the other hand the longer and/or the
stronger the muscle contraction the more lactate may be
formed. The longer relaxation period may be required during
the second section compared to first section, i.e. the time-
varying magnetic field is not applied to the patient.

Fourth section may include a repetition rate in a range of
20 to 40 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
decrease to zero for a time in a range of 0.75 to 4 seconds.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

The fourth section may be used for strong muscle con-
traction of the treated muscle. The supramaximal muscle
contraction may cause improved muscle shaping effect.
Further short time duration of maximal magnetic flux den-
sity application may provide improved blood perfusion of
the muscle. The section duration may be sufficiently long to
shred the treated muscle.

A group of the third and the fourth section may be
repeated for three to 15 times.

Fifth section may include a repetition rate in a range of 80
to 150 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
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decrease to zero for a time in a range of 0.75 to 4 seconds.
Alternatively the envelope may be rectangular for a time
period in a range of 1.5 to 7 seconds, i.e. with no modulation.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

The fifth section may be used for muscle regeneration
after the treatment. The section may heat up the muscle.
Further the blood circulation may be improved to provide
enough energy and/or oxygen to the treated muscle.

Sixth section may include a repetition rate in a range of 80
to 150 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 250 to 1000 ms. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for 0.5 to 2 seconds. Then the magnetic flux density may
decrease to zero for a time in a range of 0.75 to 4 seconds.
Alternatively the envelope may be rectangular for a time
period in a range of 1.5 to 7 seconds, i.e. with no modulation.
Afterward the relaxation period may follow for a time in a
range of 1 to 5 seconds, i.e. no time-varying magnetic field
may be applied to the patient. The total time duration of the
burst may be in a range of 2.5 to 12 seconds. The section
duration may be in a range of 40 to 200 seconds.

The sixth section including the repetition rate over 80 Hz
may relieve a muscle tonus and/or relax the muscle. Further
the section may improve local perfusion and/or metabolism.
The short rectangular envelopes may cause effect similar to
muscle blood pump. The increasing magnetic flux density
may increase efficiency of the muscle blood pump.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient in a
range of three to ten times within one treatment.

According to another application the time-varying mag-
netic field may be applied to the patient in order to cause
muscle shaping effect by muscle contraction and a reduction
of adipose cells. The muscle may obtain increased tonus
and/or volume. Strength of the muscle may increase as well.
The adipose cells may be reduced in number and/or volume.

The protocol may include a plurality of repetition rate of
different biological effect. The protocol may combine rep-
etition rate in a range of 25 to 75 Hz and repetition rates over
80 Hz. The repetition rates in the range of 25 to 75 Hz may
cause a muscle contraction. The muscle contraction may be
used for muscle strengthening. On the other hand, repetition
rates over 80 Hz, such as 100, 120 and higher may be used
for causing pain relief and/or myorelaxation effect.

The combined protocol may include three sections of
different repetition rates and time durations.

According to another application the protocol may
include a plurality sections.

In general the protocol may include a plurality of section.
The protocol may be used for muscle strengthening, toning.

First section may include a repetition rate in a range of 80
to 150 Hz. The magnetic flux density may be maintained at
least at 25%, more preferably 50%, even more preferably
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75% or more of the maximal acceptable value which may be
perceived by the patient. Trains may not be modulated, i.e.
the envelope may be rectangular. The train duration may be
in a range of 1 to 1000 ms, more preferably in a range of 5
to 500 ms, even more preferably in a range of 10 to 100 ms,
most preferably in a range of 15 to 45 ms. Afterward the
relaxation period may follow for a time period in a range of
2 to 2500 ms, more preferably in a range of 10 to 1200 ms,
even more preferably in a range of 20 to 250 ms, most
preferably in a range of 35 to 155 ms, i.e. no time-varying
magnetic field may be applied to the patient. The total time
duration of the burst may be in a range of 3 to 3500 ms, more
preferably in a range of 15 to 1700 ms, even more preferably
in a range of 30 to 350 ms, most preferably in a range of 50
to 200 ms. The section duration may be in a range of 3 to 10
seconds or up to 30 seconds. The section may be preferably
repeated at least twice, more preferably 5 times or up to ten
times. The magnetic flux density may preferably increase in
the following sections.

The first section including repetition rate over 80 Hz may
relieve a muscle tonus and/or relax the muscle. Further the
section may improve local perfusion and/or metabolism.
The short rectangular envelopes may cause effect similar to
muscle blood pump. The increasing magnetic flux density
may increase efficiency of the muscle blood pump. The first
section may prepare the treated muscle for treatment by the
protocol.

Second section may include a repetition rate in a range of
10 to 30 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 2 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time a range of 0.5 to 2 seconds. Then the magnetic flux
density may decrease to zero for a time a range of 0.5 to 2
seconds. Afterward the relaxation period may follow for a
time a range of 1 to 5 seconds, i.e. no magnetic field may be
applied to the patient. The total time duration of the burst
may be in a range of 2.5 to 10 seconds. The section duration
may be in a range of 30 to 120 seconds. The section may be
preferably repeated at least twice, more preferably at least 5
times or up to 10 times. The repetition rate may increase
within following sections such as 25, 30, 40 or 45 Hz.

The second section includes lower repetition rate than the
first section. Further the second section may include higher
treatment duty cycle than the first section. The lower rep-
etition rate, higher treatment duty cycle and/or the section
duration may enable stronger muscle contraction of the
treated muscle. The supramaximal muscle contraction may
cause improved muscle strengthening and/or toning effect.
Further the time duration of maximal magnetic flux density
application is longer with respect to the first section. The
longer and/or the stronger the muscle contraction the
improved muscle shaping effect may be caused. On the other
hand the longer and/or the stronger the muscle contraction
the more lactate may be formed. The longer relaxation
period may be required during the second section compared
to first section, i.e. the time-varying magnetic field is not
applied to the patient. The section may maintain the treat-
ment duty cycle at least 10%, more preferably at least 25%,
most preferably at least 50% in order to enabled appropriate
muscle relaxation.

Third section may include a repetition rate up to 2 Hz. The
maximal magnetic flux density may be maintained at maxi-
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mal acceptable value which may be perceived by the patient.
The time duration of the third section may be in a range of
30 to 120 seconds.

The third section may be used for muscle relaxation. The
relaxation section may prevent a lactate accumulation and
muscle pain after the treatment. The relaxation section may
cause massage effect. The relaxing section may include the
lower repetition rate. Further the relaxation section may
extend the treatment time and increase the treatment results.

A plurality of second sections and third section may be
repeated in order to establish the complete treatment proto-
col. The total protocol duration may be 30 minutes.

The treatment may include a plurality of sections. The
sections may be repeatedly applied to the patient for a time
in a range of 10 to 240 minutes, more preferably in a range
of 15 to 120 minutes, most preferably in a range of 30 to 60
minutes at maximal magnetic flux density at maximal
acceptable value by the patient. According to exemplary
application the sections may be applied to the patient six
times within one treatment.

The protocol may shorten the time duration of the treat-
ment. The number of the patients treated may increase.

According to another application the time-varying mag-
netic field may be applied to the muscle of the patient
include preferably a repetition rate over 80 Hz to provide
pain relief effect.

A ftreatment protocol may include four sections. The
section may be repeated within one treatment.

First section may include a repetition rate in a range of 80
to 150 Hz. The magnetic flux density may be maintained at
least at 25%, more preferably 50%, even more preferably
75% or more of the maximal acceptable value which may be
perceived by the patient. Trains may not be modulated, i.e.
the envelope may be rectangular. The train duration may be
in a range of 15 to 45 ms. Afterward the relaxation period
may follow for a time period in a range of 35 to 155 ms, i.e.
no time-varying magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 50
to 200 ms. The section duration may be in a range of 3 to 10
seconds. The section may be preferably repeated at least
twice, more preferably 5 times or up to ten times. The
magnetic flux density may preferably increase in the fol-
lowing sections.

The first section including repetition rate in a range of 80
to 150 Hz may relieve a muscle tonus and/or relax the
muscle. The repetition rate in the range of 80 to 150 Hz may
cause a pain relief effect. Further the section may improve
local perfusion and/or metabolism. The short rectangular
envelopes may cause effect similar to muscle blood pump.
The increasing magnetic flux density may increase effi-
ciency of the muscle blood pump. The first section may
prepare the treated muscle for treatment by the protocol.

Second section may include a repetition rate in a range of
10 to 30 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 2 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time in a range of 0.5 to 2 seconds. Then the magnetic
flux density may decrease to zero for a time in a range of 0.5
to 2 seconds. Afterward the relaxation period may follow for
a time in a range of 2 to 10 seconds, i.e. no magnetic field
may be applied to the patient. The total time duration of the
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burst may be in a range of 3 to 15 seconds. The section
duration may be in a range of 30 to 150 seconds.

The second section may be repeated with the repetition
rate in a range of 15 to 45 Hz. The increased repetition rate
may increase the effect of muscle contraction. The muscle
may be strengthened. The local perfusion may increase as
well. The different repetition rate may improve the treatment
results.

The second section includes lower repetition rate than the
first section. Further the second section may include higher
treatment duty cycle than the first section. The lower rep-
etition rate, higher treatment duty cycle and/or the section
duration may enable stronger muscle contraction of the
treated muscle. The supramaximal muscle contraction may
cause improved muscle strengthening and/or toning effect.
The relaxation period in a range of 1 to 5 seconds may
sufficiently relax the treated muscle.

Third section may include a repetition rate in a range of
30 to 60 Hz. The maximal magnetic flux density may be
maintained in a range of 40 to 100%, more preferably in a
range of 60 to 90%, most preferably around 80% of the
maximal acceptable value which may be perceived by the
patient for a time period in a range of 0.1 to 2 seconds.
Relaxation period in the range of 0.1 to 2 seconds may
follow, i.e. no magnetic field may be applied to the patient.
The total time duration of the burst may be in a range of 0.2
to 4 seconds. The section duration may be in a range of 0.5
to 30 seconds.

The third section includes higher repetition rate than the
first section. Further the third section may include higher
treatment duty cycle than the second section. The higher
repetition rate and/or higher treatment duty cycle may
enable stronger muscle contraction of the treated muscle.
The section duration may not exhaust the treated muscle.
The supramaximal muscle contraction may cause improved
muscle strengthening and/or toning effect. The magnetic flux
density decreasing for a time period in a range of 1.5 to 4.5
seconds may enable to relieve the muscle tonus continually.
The relaxation period in a range of 2 to 8 seconds may
sufficiently relax the treated muscle.

Abenefit of such the protocol may be suppressing the pain
threshold in order to enable treat the muscle by higher
magnetic flux density. The muscle may gain higher strength
due to applied higher magnetic flux density.

Further benefit of the protocol may be short time duration
of the protocol. The protocol may enable to combine dif-
ferent protocols due to treatment time reduction.

Further the present methods may be used for treatment of
disease of urogenital and/or digestive tract, e.g. improve-
ment of circulation and/or trophic problems, faecal incon-
tinence, urinal incontinence (stress or urge), neuromuscular
dysfunction of bladder, mixed incontinence, sexual dysfunc-
tion, priapism, erectile dysfunction, orgasmic disorder, fer-
tility issues, chronic pelvic pain syndrome, pain in pelvic
area, hyperplasia of prostate, prostatitis, prostatodynia syn-
drome, dysmenorrhea, vulvodynia, pain and other condi-
tions associated with menstrual cycle, menopausal and/or
postmenopausal disorders, cystitis (such as interstitial),
inflammatory disease of uterus or cervix uteri, parametris,
peritonitis, vaginitis, vulvitis, endometriosis, genital pro-
lapse, hemorrhoids, peripheral paresis or pelvic floor issues
in general. The present methods may be used for muscle
strengthening, muscle relaxation, regeneration after child-
birth (such as pelvic floor prolapse), vaginal tightening or
scar treating. Alternatively the treatment may improve post-
operative tissue healing such as scars or wounds.
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According to another application the time-varying mag-
netic field may be applied to the muscle of the patient
include preferably a repetition rate over 80 Hz to provide
pain relief effect.

First section may include a repetition rate in a range of 80
to 150 Hz. The magnetic flux density may be maintained at
least at 25%, more preferably 50%, even more preferably
75% or more of the maximal acceptable value which may be
perceived by the patient. Trains may not be modulated, i.e.
the envelope may be rectangular. The train duration may be
in a range of 1 to 1000 ms, more preferably in a range of 5
to 500 ms, even more preferably in a range of 10 to 100 ms,
most preferably in a range of 15 to 45 ms. Afterward the
relaxation period may follow for a time period in a range of
2 to 2500 ms, more preferably in a range of 10 to 1200 ms,
even more preferably in a range of 20 to 250 ms, most
preferably in a range of 35 to 155 ms, i.e. no time-varying
magnetic field may be applied to the patient. The total time
duration of the burst may be in a range of 3 to 3500 ms, more
preferably in a range of 15 to 1700 ms, even more preferably
in a range of 30 to 350 ms, most preferably in a range of 50
to 200 ms. The section duration may be in a range of 3 to 10
seconds or up to 30 seconds. The section may be preferably
repeated at least twice, more preferably 5 times or up to ten
times. The magnetic flux density may preferably increase in
the following sections.

The first section including repetition rate over 80 Hz may
relieve a muscle tonus and/or relax the muscle. Further the
section may improve local perfusion and/or metabolism.
The short rectangular envelopes may cause effect similar to
muscle blood pump. The increasing magnetic flux density
may increase efficiency of the muscle blood pump. The first
section may prepare the treated muscle for treatment by the
protocol.

Second section may include a repetition rate in a range of
150 to 250 Hz. The maximal magnetic flux density may be
maintained at 25, 50 or 75% of the maximal acceptable
value which may be perceived by the patient. Trains may be
not be modulated. The rectangular envelope may be applied
to the patient for a time period in a range of 5 to 10 seconds.
Afterward the period of no applying the magnetic field to the
patient may follow for a time in a range of 3 to 10 seconds.
The total time duration of the burst may be in a range of 8
to 20 seconds. The section duration may be in a range of 50
to 250 seconds.

The second section may be used for muscle relaxation.
Relaxation section may enable long lasting treatment with-
out exhausting the treated muscle. The high repetition rate
may cause high quality muscle relaxation effect for the
treated muscle. Further the relieved tonus may cause pain
relief effect.

Third section may include a repetition rate in a range of
2 to 10 Hz. The maximal magnetic flux density may be
maintained at maximal acceptable value which may be
perceived by the patient. Trains may be modulated in
magnetic flux density to a trapezoidal envelope. The trap-
ezoidal envelope may include increasing transient time
duration in a range of 0.5 to 1.5 seconds. After the magnetic
flux density reaches the maximal value the magnetic flux
density may be maintained at the maximal acceptable value
for a time on a range of 0.5 to 1.5 seconds. Then the
magnetic flux density may decrease to zero for a time in
range 2.5 to 7.5 seconds. Afterward the period of no apply-
ing the magnetic field to the patient may follow for a time
in a range of 3 to 12 seconds. Alternatively the magnetic
field may be applied to the muscle as a train of single pulses
of repetition rate in a range 1 to 5 Hz for a period in a range
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of 10 to 30 seconds. The total time duration may be in a
range 6 to 30 seconds. The section duration may be in a
range of 30 to 110 seconds.

The third section may be used for muscle relaxation. The
relaxation section may prevent a lactate accumulation and
muscle pain after the treatment. The relaxation section may
cause massage effect and/or improve local blood circulation.

Fourth section may include a repetition rate in a range of
150 to 250 Hz. The maximal magnetic flux density may be
maintained at 25, 50 or 75% of the maximal acceptable
value which may be perceived by the patient. Trains may be
not be modulated. The rectangular envelope may be applied
to the patient for a time period in a range of 5 to 10 seconds.
Afterward the period of no applying the magnetic field to the
patient may follow for a time in a range of 3 to 10 seconds.
The total time duration of the burst may be in a range of 8
to 20 seconds. The section duration may be in a range of 50
to 250 seconds.

The fourth section may be used for muscle relaxation. The
high repetition rate may cause high quality muscle relax-
ation effect for the treated muscle. Further the relieved tonus
may cause pain relief effect.

Fifth section may include a repetition rate in a range of 80
to 150 Hz. The magnetic flux density may be maintained at
least at 25%, more preferably 50%, even more preferably
75% or more of the maximal acceptable value which may be
perceived by the patient. Trains may not be modulated, i.e.
the envelope may be rectangular. The train duration may be
in a range of 1 to 1000 ms, more preferably in a range of 5
to 500 ms, even more preferably in a range of 10 to 100 ms,
most preferably in a range of 15 to 45 ms. Afterward the
relaxation period may follow for a time period in a range of
2 to 2500 ms, more preferably in a range of 10 to 1200 ms,
even more preferably in a range of 20 to 250 ms, most
preferably in a range of 35 to 155 ms, i.e. no time-varying
magnetic field may be applied to the patient. The total time
duration of the burst may be in a range of 3 to 3500 ms, more
preferably in a range of 15 to 1700 ms, even more preferably
in a range of 30 to 350 ms, most preferably in a range of 50
to 200 ms. The section duration may be in a range of 3 to 10
seconds or up to 30 seconds. The section may be preferably
repeated at least twice, more preferably 5 times or up to ten
times. The magnetic flux density may preferably increase in
the following sections.

The fifth section including repetition rate over 80 Hz may
relieve a muscle tonus and/or relax the muscle. Further the
section may improve local perfusion and/or metabolism.
The short rectangular envelopes may cause effect similar to
muscle blood pump. The increasing magnetic flux density
may increase efficiency of the muscle blood pump.

The continual application of the magnetic field to the
muscle of the patient may be up to 10 seconds, more
preferably up to 5 seconds. It should be interpreted in the
sense that a train of subsequent magnetic pulses applied to
the muscle of the patient may be up to 10 seconds. In a
preferred application a treatment duty cycle may be used.

The magnetic treatment may be combined with one or
more auxiliary treatments, e.g. treatment by optical waves.

Combined applications of optical waves and magnetic
field may be used. The optical treatment may include
treatment by optical waves. The magnet treatment may be
provided by permanent magnets, electromagnetic devices
generating a static magnetic field or preferably by magnetic
devices generating time-varying magnetic field. In the pre-
ferred application the method may combine treatment by a
pulsed magnetic field and optical treatment. The application
is not limited by the recited combination so the combined
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method may include magnetic treatment and any treatment
by electromagnetic field such as radiofrequency waves, e.g.
microwaves, short waves or long waves.

The basic parts of the optical irradiation system to apply
the methods of the present invention include a hardware
panel and an optical waves generating device or multiple
optical waves generating devices. The optical waves gener-
ating device may be arranged in a pattern such as an array
or a matrix. The optical waves generating devices may be
attached to each other or alternatively be individually
mounted on dedicated supports. A scanning system may also
be one of the options.

An optical treatment device may include at least one
energy source and/or connection to the energy source, a
hardware panel for controlling the optical treatment device
and an optical waves generating device. Non limiting
examples of optical waves generating device that may be
used include coherent or non-coherent optical waves gen-
erating devices, light emitting diodes, lasers, laser diodes,
different types of lamps and filtered lamps or combinations
thereof. The treatment device may include at least one
optical waves generating device, more preferably a plurality
of optical waves generating devices of wavelength from
ultraviolet, visible and infrared spectrum ranges. The wave-
length may be in the range of 190 to 13000 nm, preferably
in the range of 290 to 3000 nm, more preferably in the range
01400 to 1500 nm, even more preferably in the range of 550
to 1450 nm, particularly wavelengths about 915, 1064, 1208
and 1715 nm may be used.

Optical waves may be monochromatic or polychromatic.
Optical waves may be applied in pulses with pulse duration
in the range of 0.1 ps to 10000 ms, more preferably in the
range of 1 us to 5000 ms, even more preferably in the range
of 2 us to 2500 ms, most preferably in the range of 5 us to
1000 ms.

Energy flux provided by light may be in the range of 0.005
to 500 W/cm?®, more preferably in the range of 0.01 to 150
W/em® and most preferably in the range of 0.1 to 120
Wiem?.

The plurality of optical waves generating devices may
generate the optical waves simultaneously at the same time.
The plurality of generated optical waves may interfere.
Alternatively the plurality of optical waves generating
devices may generate a plurality of independent optical
waves in different time, preferably in sequences. The plu-
rality of optical waves generating devices may be arranged
in a predefined pattern within an applicator, e.g. in an array
or a matrix.

The optical waves generating device may be preferably
external (e.g. hand-held), alternatively the optical treatment
applicator may be integral part of the optical treatment
device (e.g. chair/bed implemented). Additionally, optical
delivery element, such as optical waveguides, light tubes or
optical gel, may be used.

The at least one magnetic field generating device and the
at least one optical waves generating device may be mutu-
ally oriented in one common plane. Alternatively the at least
one magnetic field generating device and the at least one
optical waves generating device may be in two planes which
may be parallel, perpendicular or mutually tilted. The planes
may rotate.

The at least one magnetic field generating device and at
least one optical waves generating device may include a
common focus spot, i.e. the time-varying magnetic field and
the optical waves may be applied to the common area. The
focus spot size may be in the range 0of 0.001 cm? to 600 cm?,
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more preferably in the range of 0.005 cm? to 300 cm?, most
preferably in the range of 0.01 cm? to 100 cm?>.

According to one exemplary embodiment the at least one
magnetic field generating device may be surrounded by the
at least one optical waves generating device. The at least one
optical waves generating device may be tilted with respect
to the magnetic field generated device or vice versa. The
focus spot may be established by applying the magnetic field
and optical waves simultaneously and/or separately.

The magnetic field generating device and the optical
waves generating device may have common center with
respect to the applicator and/or to the patient. Alternatively
the distance between the center of magnetic field generating
device and the center of optical waves generating device
may be in a range of 0.01 to 500 mm, more preferably in a
range of in the range 0f 0.1 to 250 mm, even more preferably
in the range of 1 to 100 mm, most preferably in a range of
5 to 50 mm.

An area of all optical waves generating devices may be in
the range of 4 to 7900 cm?, preferably in the range of 9 to
1950 cm?, more preferably in the range of 15 to 975 cm?,
most preferably in the range of 45 to 450 cm®.

The area of the magnetic field generating device and the
area of optical waves generating device may differ. The area
of the optical waves generating device may in a range of 2
to 2000% of the area of the magnetic field generating device,
more preferably in the range of 5 to 1000%, even more
preferably in the range of 10 to 500% of the area of the
magnetic field generating device, most preferably in the
range of 25 to 250% of the area of the magnetic field
generating device.

According to one exemplary embodiment the magnetic
treatment and optical treatment may be provided by at least
two separate devices, i.e. at least one device for adminis-
tering the magnetic treatment and at least one device for
administering the optical treatment. The optical treatment
may be applied to target biological structure prior, after or
with some overlay with magnetic treatment. Alternatively
optical treatment may be applied simultaneously with mag-
netic treatment. The time sequences of the treatments are
described below.

FIG. 17 illustrates an exemplary embodiment providing
combined treatment by magnetic field and optical treatment.
The optical treatment may be replaced by any auxiliary
treatment methods. The optical treatment may be adminis-
tered by optical treatment device 62 (dotted line) including
a connection to an energy source 63 and a hardware panel 64
for controlling the optical treatment. The hardware panel 64
may be connected with optical waves generating device 65
within an optical treatment applicator 66 (dotted line). The
magnetic treatment may be administered by magnetic treat-
ment device 67 (dotted line) including a connection to an
energy source 68 and a hardware panel 69 for controlling the
treatment by magnetic field. The hardware panel 69 may be
connected with magnetic field generating device 70 within a
magnetic treatment applicator 71 (dotted line).

In an alternative embodiment the at least one optical
waves generating device may be in the treatment device. The
optical waves may be delivered to the applicator and/or to
the target biological structure by a waveguide.

According to another embodiment the magnetic treatment
and optical treatment may be provided by one device. The
optical treatment may be replaced by any auxiliary treatment
methods. The combined treatment provided by one device
may be administered by at least one applicator. FIGS. 18a
and 18b illustrate exemplary embodiments providing the
combined treatment by two applicators providing different
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types of treatment, i.e. magnetic and optical treatment, to the
patient. FIGS. 194 and 195 illustrate exemplary embodi-
ments providing the combined treatment by one applicator
providing magnetic and/or optical treatment to the patient.

FIG. 18a illustrates one exemplary embodiment of com-
bined treatment device providing magnetic and/or optical
treatment by at least two applicators. The combined treat-
ment device 72 (dotted line) may include a connection to an
energy source 73 providing energy for a magnetic treatment
and for an optical treatment. The optical treatment may be
controlled by a hardware panel for optical treatment 74
which may control an optical waves generating device 75
within an optical treatment applicator 76 (dotted line). The
magnetic treatment may be controlled by a hardware panel
for magnetic treatment 77 which controls a magnetic field
generating device 78 within a magnetic treatment applicator
79 (dotted line).

In an alternative embodiment the at least one optical
waves generating device may be in the combined treatment
device. The optical waves may be delivered to the applicator
and/or to the target biological structure by a waveguide.

FIG. 1856 illustrates another exemplary embodiment of the
combined treatment device providing magnetic and/or opti-
cal treatment by at least two applicators. The combined
treatment device 80 (dotted line) may include a connection
to an energy source 81 providing energy for the magnetic
treatment and/or for the optical treatment. Optical and/or
magnetic treatment may be controlled by a hardware panel
82. The hardware panel 82 may control an optical waves
generating device 83 within an optical treatment applicator
84 (dotted line). Further the hardware panel 82 may control
a magnetic field generating device 85 within a magnetic
treatment applicator 86 (dotted line).

In an alternative embodiment the at least one optical
waves generating device may be in the treatment device. The
optical waves may be delivered to the applicator and/or to
the target biological structure by a waveguide. Alternatively
the optical treatment may be replaced by any auxiliary
treatment methods.

FIG. 19q illustrates still another exemplary embodiment
of'the combined treatment device providing magnetic and/or
optical treatment by at least one applicator. The combined
treatment device 87 (dotted line) may include a connection
to an energy source 88 providing energy for the magnetic
treatment and/or for the optical treatment. The optical treat-
ment may be controlled by a hardware panel for optical
treatment 89 which may control an optical waves generating
device 90 within an applicator 91 (dotted line). The mag-
netic treatment may be controlled by a hardware panel for
magnetic treatment 92 which may control a magnetic field
generating device 93 within the applicator 91 (dotted line).
The applicator may provide combined treatment.

In an alternative embodiment the at least one optical
waves generating device may be in the treatment device. The
optical waves may be delivered to the applicator and/or to
the target biological structure by a waveguide.

FIG. 195 illustrates still another exemplary embodiment
of'the combined treatment device providing magnetic and/or
optical treatment by at least one applicator. The combined
treatment device 94 (dotted line) may include a connection
to an energy source 95 providing energy for the magnetic
treatment and/or for the optical treatment. Optical and/or
magnetic treatment may be controlled by a hardware panel
96. The hardware panel 96 may control an optical waves
generating device 90 and magnetic field generating device
93 and/or a switching device operating the magnetic field
generating device within an applicator 97 (dotted line).
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In an alternative embodiment the at least one optical
waves generating device may be in the treatment device. The
optical waves may be delivered to the applicator and/or to
the target biological structure by a waveguide.

According to still another exemplary embodiment the
magnetic field generating device may be used as an energy
source for providing energy to at least another part of the
treatment device, e.g. an optical waves generating device
such as light-emitting diode (LED). FIGS. 20a and 205
illustrate exemplary embodiments of the magnetic field
generating device which may be used as power supply. The
magnetic field generating device 98 may be surrounded by
a conductor loop 99. The time-varying magnetic field gen-
erated by magnetic field generating device 98 may induce
eddy currents in the conductor loop 99 within proximity of
the magnetic field generating device 98. The induced current
in the conductor loop 99 may be used for providing energy
to another powered part of the treatment device, particularly
in the applicator, or another treatment device, such as at least
one optical waves generating device. FIG. 20q illustrates an
exemplary embodiment of magnetic field generating device
98 surrounded by a conductor loop 99. The conductor loop
99 may be connected to a plurality of optical waves gener-
ating devices 100. FIG. 206 illustrates another exemplary
embodiment of the magnetic field generating device 98
surrounded by the conductor loop 99. The conductor loop 99
may provide the energy to the optical waves generating
device 100. The optical waves generating device may be
distanced from the conductor loop and may be external to
the applicator including the magnetic field generating device
98 and the conductor loop 99.

Alternatively the combined method using the magnetic
field for and any of auxiliary treatment methods may be
applied to the patient by one applicator, e.g. the magnetic
field generating device and different energy source (cooling,
mechanical, optical and/or RF waves) may be in one appli-
cator. The magnetic field may be generated by a treatment
device separate from another treatment device which pro-
vides the auxiliary treatment method, e.g. cooling, optical
waves, RF waves or mechanical waves. The first applicator
may include the magnetic field generating device and second
applicator including the auxiliary treatment may be attached
to the first applicator or vice versa. Alternatively the first
applicator including the magnetic field generating device
and the second applicator including the auxiliary treatment
may be attached to the common mechanical holder such as
platform.

Biocompatibility issues or hot spot generation may be
overcome by transmitting electromagnetic energy into the
target biological structure without physical contact with the
patient. Contactless application of magnetic and/or optical
treatment may provide sufficient passive cooling of the
biological structure by circulating air.

In some indications, it may be advantageous to treat
deeper adipose tissue by magnetic field simultaneously with
the treatment of more superficial layers of the skin by optical
waves.

An air gap or bolus with high air permeability may be
placed between the skin and the applicator. The bolus may
be preferably transparent to the optical waves. This arrange-
ment may use the human thermoregulatory system for
cooling and may avoid the need of artificial cooling of the
skin. Optionally, the skin may be cooled via a stream of
chilled or ambient temperature air. The human thermoregu-
latory system may enable perspiration and other body fluids
to evaporate and may cool the surrounding skin. Sweat
accumulation and/or hot spot creation may be avoided. Use
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of cooling fluids or gels may not be necessary but may be
optionally used. Cost of the treatment may be reduced and
patient comfort may be improved. The applicator may be in
direct or indirect contact with patient’s skin. A bolus may be
used for providing indirect contact of the applicator with the
target biological structure. A bolus may be filled with a
material, preferably a fluid, influencing the propagation of
the electromagnetic waves and/or homogenizing the tem-
perature distribution of the patient’s skin. Alternatively the
bolus may deliver the electromagnetic waves to the target
biological structure, e.g. a waveguide.

Cooling may be provided by positioning an air moving
device proximate to the skin. The air moving device may be
attached to or implemented into the applicator. Air moving
device may be any kind of fan, ventilator or blower. The
blower may include an air tube connected to air source for
moving air through the air tube to the patient’s skin. The air
source may alternatively be cooled to provide cooled air.
Alternatively, air suction may be also used as an active
cooling method.

Alternatively the treatment may be provided by moving at
least one applicator. The movement of the applicator may be
manual or automatic. The automatic movement may be
random or the movement may follow a predetermined
pattern, e.g. an array, a matrix or predefined trajectory
designed for the selected treated part of the body. The
predefined movement may be adjusted following the
patient’s needs. The movement of the applicator may be
provided by an arm, which may be preferably articulated.

Constant movement of the applicator over a larger area
may not be needed. The applicator may remain in a station-
ary position relative to the patient for several seconds or
longer, e.g. for at least 10, 30, 60, 120 or 240 seconds, or
longer. The at least one applicator may be of such dimension
which may allow to the treated biological structure to be
within physiological conditions, e.g. the biological structure
may not be overheated over critical temperature causing
irreversible changes in the biological structure.

One or more applicators may move in the vicinity of the
patient’s body. The movement may be provided in various
speed and/or acceleration. The applicator may be moved in
at least one direction, e.g. longitudinal, vertical, transversal
or different axis and/or by rotational movement around any
direction. Plurality of applicators may move in synchro-
nized, randomized and/or independent manner. At least one
applicator of the plurality of applicator may be static.

The homogeneity of treatment may be provided by the
movement of the applicator. In one exemplary embodiment
the applicator may move over and/or in different angle to the
patient by rotational movement. In another exemplary
embodiment the applicator may move in the vicinity of
patient’s skin. In still another exemplary embodiment the
applicator may move to focus the treatment.

The applicator may include at least one sensor for detect-
ing the temperature of the skin. The sensor may be prefer-
ably contactless. Alternatively the sensor may measure the
temperature in contact manner. Alternatively, the skin
impedance may be determined as well.

The sensor may be connected with at least hardware panel
for controlling the optical treatment to adjust the power flux
density applied to the biological structure to maintain the
temperature of the target biological structure within treat-
ment range. The temperature sensor also prevents the patient
from any thermic damage.

Referring now to FIG. 21, in one embodiment the device
includes base 101, handheld applicator 114 and/or a scan-
ning unit 102. Handheld applicator 114 may be used for
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delivery of the optical waves from the base 101 to the
scanning device 102. Base 101 may include central control
unit 104, user interface 105, optical waves generating device
106 and/or calibration unit 107.

The central control unit 104 may change the treatment
parameters and/or control other parts of the device coupled
to it. The method of operation may include the central
control unit 104 communicating with user interface 105,
optical waves generating device 106, power supply 102
and/or calibration unit 107. The central control unit 104 may
also communicate with a scanning power supply 108, scan-
ning optics 111, scanning control unit 109, movement
assembly 110 and/or transmission element 112 located in the
scanning unit 102. The scanning unit 102 may further
include a magnetic field generating device. The magnetic
field generating device may communicate with the base 101.

Optical waves generating device 106 may comprise for
example, a light emitting diode, a laser emitting diode, a
flashlamp, a tungsten lamp, an incandescent lamp, a mercury
arc or any other light or optical waves generating device
known in the art. Optical waves generating device 106 may
generate coherent, incoherent, depolarized and/or polarized
optical waves. Coherent monochromatic optical waves may
include any type of laser, for example, a chemical laser, a
dye laser, a free-electron laser, a gas dynamic laser, a gas
laser (for example an argon laser or carbon dioxide laser), an
ion laser, a metal-vapor laser (for example a gold vapor laser
and/or a copper vapor laser), a quantum well laser, a diode
laser (for example comprising GaAs, AlGaSbAs, InGaAsP/
InPm InGaAs) and/or a solid state laser (for example a ruby
laser, a Nd:YAG laser, a NdCr:YAG laser, an Er:YAG laser,
a Nd:YLF laser, a Nd:YVO4 laser, a Nd:YCOB laser, a
Nd:Glass laser, a Ti:sapphire laser, a Tm:YAG laser, a
Ho:YAG laser or an Er,Cr:YSGG laser). Methods of opera-
tion may include optical waves generating device 106 com-
municating with user interface 105, calibration unit 107
and/or central control unit 104. Optical waves generating
device 106 may also communicate with scanning optics 111,
typically by providing the generated optical waves (for
example light).

In an alternative embodiment the scanning unit may
enable detachable communication with handheld applicator
applying magnetic field.

The magnetic field generating device and the optical
waves generating device may move simultaneously. The
simultaneous operation of the magnetic field generating
device and the optical waves generating device may gener-
ate a common energy spot, i.e. an optical spot and a
magnetic spot.

User interface 105 may include an LCD panel or other
suitable electronic display. User interface 105 may be
located on the base 101, handheld applicator 114 and/or
scanning unit 102. User interface 105 may communicate
with optical waves generating device 106, central control
unit 104 and/or calibration unit 107. User interface 105 may
also communicate with scanning optics 111 and scanning
power supply 108 located in the scanning unit 102.

Calibration unit 107 may be controlled by central control
unit 104. Calibration unit 107 may check stability of the
output and/or wavelength of the optical waves generating
device 106. In case of instability, calibration unit 107 may
provide one or more human perceptible signals to the
operator. The calibration unit 107 may also provide infor-
mation to the central control unit 106 which may adjust or
correct one or more parameters of the optical waves gener-
ating device 106. Calibration unit 107 may check input or
output parameters of the optical waves in the scanning optics
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111, located in the scanning unit 102. Methods of operation
may include the calibration unit 107 communicating with
user interface 105 and/or central calibration unit 104.

Calibration unit 107, optical waves generating device 106
and/or user interface 105 may be positioned in or on base
101, handheld applicator 114 or scanning unit 102.

Embodiments of devices of the present invention may
include one or more scanning units 102 which may include
scanning power supply 108, scanning control unit 109,
movement assembly 110, scanning optics 111, sensor 113
and/or transmission element 112. In some embodiment,
scanning unit 102 may provide movement of the optical spot
by changing one or more characteristics of the optical beam,
including but not limited to the direction or intensity of
optical beam. A method of treatment may include control of
the scanning unit 102 through central control unit 104 by the
user interface 105. The scanning unit 102 may in some
embodiments be positioned on an adjustable arm. The
scanning unit may be tilted to any angle with respect to the
tissue. During some embodiments of treatments using the
system of the present invention, the scanning unit may
remain in a set position and the optical spot may be moved
by the optics inside the scanning unit. In some embodiments,
the scanning unit may move continuously or discontinu-
ously over the body and provide treatment by one or more
treatment patterns.

The scanning power supply 108 may provide electrical
power to components of the present invention, including but
not limited to scanning optics 111, scanning control unit 109,
movement assembly 110 and/or transmission element 112.
The scanning power supply 108 may be coupled to power
supply 103. Alternatively, electrical power may be supplied
from the power supply 103 directly to some or all mentioned
parts by the scanning power supply 108.

The scanning optics 111 may include one or more colli-
mators, optical waves deflecting elements (e.g. deflecting
mirrors), focusing/defocusing elements (e.g. lenses) and/or
filters to eliminate certain wavelengths of the optical waves.
The scanning optics 111 may be controlled according to
operator’s needs through user interface 105. The scanning
optics 111 may be controlled by central control unit 104
and/or scanning control unit 109. Both central control unit
104 and scanning control unit 109 may control one or more
parameters of the scanning optics, particularly of one or
more deflecting elements. Parameters controlled may com-
prise the speed of movement of one deflecting element,
which may be in the range of 0.01 mm/s to 500 mny/s, more
preferably in the range of 0.05 mnv/s to 200 mm/s, most
preferably in the range of 0.1 mnvs to 150 mm/s.

Scanning control unit 109 may control one or more
treatment parameters. The scanning control unit 109 may
communicate with central control unit 104, scanning power
supply 108, movement assembly 110 and/or scanning optics
111. The scanning control unit 109 may be controlled
through central control unit 104 according to the operator’s
needs selected on the user interface 105, or the scanning unit
102 may include another user interface. In one embodiment,
one or more functions of the scanning control unit 109 may
be assumed and/or overridden by central control unit 104.

Movement assembly 110 may cause movement of one or
more optical spots on treated tissue. The movement assem-
bly 110 may communicate with scanning optics 111 and
cause movement of one or more optical waves deflecting
elements, which may be parts of the scanning optics 111.
The movement assembly 110 may be controlled by central
control unit 104 and/or scanning control unit 109. The
movement assembly 110 may also communicate with trans-
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mission element 112. The movement assembly 110 may
comprise one or more motors and/or actuators. The move-
ment assembly 110 may provide angular and/or linear move-
ment to the optical waves deflecting elements of the scan-
ning optics 111. In some embodiment, the movement
assembly 110 may provide movement to the transmission
element 112.

The optical waves may leave the scanning unit 102
through the transmission element 112. Transmission element
112 may be one or more elements made from translucent
material e.g. from glass or crystal with specific optical
properties, liquid solution including specific active sub-
stance modifying optic parameters and/or soft tissue reaction
to the delivered optical waves such as diamond, sapphire or
transparent plastic. Transmission element may be connected
to the movement assembly 110, which may control focusing,
defocusing, vertical or curvilinear movement or tilting of the
transmission element 112. Vertical movement of the trans-
mission element 112 may be used for change of optical spot
size. Horizontal movement of the transmission element 112
provided by movement assembly 110 may be used for
change of optical beam delivered to tissue. When the trans-
mission element includes more elements made from trans-
lucent material, horizontal movement may be represented by
movement of separate element into the pathway to provide
different characteristic to the optical waves provided to
tissue (e.g. focus, power output). Alternatively a wave guide
may be used, e.g. a light guide. Disclosed configuration may
be used for application of more than one optical beam to the
tissue. Another configuration may include scanning unit
including more than one transmission elements 112 covered
by coverings controlled by movement assembly 110.

The scanning unit 102 and/or handheld applicator 114
may include one or more sensors 113, e.g. ultrasound sensor,
gyroscope, Hall sensor, thermographic camera and/or IR
temperature sensor.

FIG. 224 shows handheld applicator 114 containing body
206, optical waveguide 201, sensor 202 and/or translucent
element 204. Flexible optical waveguide 205 may connect
the handheld applicator 114 with the case 101. Optical
waveguide 201 may be encased by the body 206 and may
provide optical path where the optical path leaves the
handheld applicator through the translucent element 204.
Translucent element 204 may be similar to transmission
element 112 of the scanning unit 102.

FIG. 226 shows handheld applicator 114 coupled to
zooming assembly including lens 210, focusing mechanism
209, spacer 208 and emitters 203. The handheld applicator
114 may provide change of optical spot size according to
movement of the lens 210. Lens 210 may be moved by
focusing mechanism 209, which may be screwing mecha-
nism. The zooming assembly may include spacer 208, which
may have length (i.e. from the tissue to the lowest lens
position marked as 211) in range of 0.05 cm to 50 cm, more
preferably in the range of 0.1 cm to 35 cm, most preferably
in the range of 0.15 to 10 cm.

The handheld applicator may include sensors 202 gath-
ering information from surroundings and/or emitters 203.
Emitters 203 (e.g. magnet), located on scanning unit 102,
may provide information to sensor 202 (e.g. Hall sensor).
Based on the emitted and recognized information, the cen-
tral control unit may identify particular types of handheld
applicator of scanning unit. The recognition may by alter-
natively provided by RFID, data communication and other
known methods. The central control unit may enable treat-
ment parameters according to recognized handheld applica-
tor and scanning unit. Also, the central control unit 104 may
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limit treatment parameters according to recognized zooming
assembly and/or scanning unit 102. Sensors 202 together
with emitter 203 may also ensure correct attachment of the
handheld applicator 114 with scanning unit 102 and/or
zooming assembly. Method of operation may therefore
include any human perceptible signal and/or cease of treat-
ment (represented e.g. by shutting of the optical waves
generating device) when the attachment is not correct.

Handheld applicator 114 may be connected to the scan-
ning unit 102 via attaching mechanism. FIG. 23a shows
separated handheld applicator 114 from scanning unit 102.
Handheld applicator 114 includes optical waveguide 201
guiding the optical waves (represented by arrow 212)
encased in the handheld applicator’s body 202. Furthermore
it contains at least one pin 301. In shown exemplary embodi-
ment, the handheld applicator includes two pins 301. Shown
part of the scanning unit 102 includes recesses 302 ready for
insertion of pins 301, connector 303, sealing element 304, at
least one movement elements 305 (e.g. spring), scanning
optical waveguide 306 and scanning optics 111. Movement
element 305 (e.g. spring) may be placed in dust-proof
cylinder.

FIG. 235 shows connection of the handheld applicator
114 to the scanning unit 102 by connector 303. The sealing
element 304 may be moved inside the scanning unit 102
adjacent and/or to direct contact with scanning optical
waveguide 306. As a result, the sealing element 304 is the
part of the newly created optical wave path including optical
waveguide 201, translucent element 204, sealing element
304 and scanning optical waveguide 306. The optical waves
205 may be transmitted through the newly created wave path
of'the scanning optics. The movement of the sealing element
is provided by moving element 305 (shown as compressed
springs). Alternatively, the movement elements 305 may
move the sealing element 304 aside from the optical wave-
guide.

The handheld applicator is secured in the inserted position
by the insertion of the pins 301 to the recesses 302 creating
locked pins 307. In exemplary embodiment, handheld appli-
cator 114 may be rotated during the insertion into the
scanning unit 102 until the pins 301 meet the recesses 302.
During the release, rotating of the handheld applicator on the
opposing side may loose the locked pins 307 and the
movement elements 305 may provide assisted release of the
handheld applicator 114 from the scanning unit 102. Alter-
natively the handheld applicator 114 may be secured to
scanning unit 102 by mechanism using magnetic forces,
electromagnet, friction, latching or other know ways.

The sealing element 304 may be e.g. glass, diamond,
sapphire or plastic tightly positioned in the connector 303 in
the dust-proof cylinder. It may provide dust-proof barrier to
the scanning unit 102. Because it may not be removed
during the connection between the handheld applicator 114
and scanning unit 102, it may prevent transfer of any
contamination and/or dust into the scanning unit 102.

The device and method may provide correct distance
control. Correct distance control may ensure the predeter-
mined distance between the treated tissue and scanning unit
102 and/or handheld applicator 114. In an exemplary
embodiment the distance may be measured by sound reflec-
tion e.g. by ultrasound transmitter and detector placed on
and scanning unit 102 and/or handheld applicator 114.
Measured distance may be provided to the central control
unit 104 which may change one or more treatment param-
eters according to measured distance. Ultrasound detector
may also measure temperature of the treated tissue and the
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central control unit 104 may change one or more treatment
parameters according to the measured temperature.

Temperature of the treated tissue may be measured by
thermographic camera and/or IR temperature sensor. Mea-
sured temperature may be communicated to the central
control unit 104, which may then change one or more
treatment parameters according to measured temperature of
the treated tissue. Sensor measuring temperature may mea-
sure temperature as difference between the beginning of the
treatment and the current time of the treatment. The sensor
may also cooperate with calibration unit 107 and provide
values of real temperature of the treated tissue.

The magnetic treatment and treatment by optical waves
may include but is not limited to skin (including epidermis,
dermis, hypodermis and/or basement membrane), subcuta-
neous and/or visceral adipose tissue, blood vessels, gingiva,
tooth enamel, dentin, connective tissue, hair follicles, hair
papillae, pigmented lesion, muscle, cartilage, tendons, liga-
ments and/or sebaceous glands. Effects of treatments
according to present invention include but are not limited to
topical stimulation of the biological tissue, healing,
increased metabolism, analgesic reaction, bactericide, tem-
porary increase of blood circulation muscle relaxation, fat
elimination, thermal damage (e.g. ablation or coagulation),
necrosis, apoptosis, pigment damage, collagen damage, neo-
collagenesis, elastin damage, neoclastogenesis or damage of
connective tissue.

Ablative laser skin resurfacing may cause thermal damage
to the epidermis and/or dermis. On the other hand, non-
ablative laser skin resurfacing may avoid thermal damage in
the epidermis.

In one exemplary application the combined treatment may
be used for treatment including but not limited to Achilles
tendonitis, ankle distortion, anterior tibial syndrome, arthri-
tis of the hand, arthrosis, bursitits, carpal tunnel syndrome,
cervical pain, dorsalgia, epicondylitis, facial nerve paralysis,
herpes labialis, hip joint arthrosis, impingement syndrome/
frozen shoulder, knee arthrosis, knee distortion, lumbosacral
pain, muscle relaxation, nerve repair, onychomycosis,
Osgood-Schlatter syndrome, pain relief, painful shoulders,
patellar tendinopathy, plantar fasciitis/heel spur, tarsal tun-
nel syndrome, tendinopathy and/or tendovaginitis. Other
applications may include treatment of open wound.

Further applications of the combined treatment may be
used for aesthetic and cosmetic methods e.g. reducing the
volume and/or number of adipose cells, sagging skin reduc-
tion, hyperhidrosis, cellulite treatment, elastin remodeling,
elimination of stratum corneum, collagen remodeling, acne
treatment, skin rejuvenation, body contouring, skin tighten-
ing, wrinkle removal, stretch mark removal, tattoo removal,
treatment of rhinitis or circumferential reduction. Embodi-
ments of the present invention may be also used to treat
vulvar laxity and/or hemorrhoids. Some embodiments are
also capable of at least partial removal of rosacea, derma-
titis, eczema, café au lait spots, aphthous stomatitis, halito-
sis, birthmarks, port-wine stains, pigment stains, skin
tumors, scar treatment and/or scar elimination, calcium
deposits, herpes simplex, ulcers or other skin diseases clas-
sified by the WHO. Some embodiment of the present
invention may also be used for general surgery, dentistry,
stomatology or body modification e.g. scarification.

Treated parts of a human body may in some embodiments
include, but are not limited to, the face, neck, nose, mouth,
arm, hand, torso, back, love handle, abdomen, limb, leg,
head, buttock, foot and/or thigh.

The commonly targeted skin chromophores are hemoglo-
bin, melanin, carbon or tattoo ink. Alternatively water may
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absorb the optical waves. Each chromophore has unique
absorption spectrum. The wavelength of the optical wave
should match one of the absorption peaks of the targeted
chromophore. The lasers or laser diodes work usually in
pulse regime in these applications. The optical energy
absorbed by the chromophore is converted to thermal energy
thereby destroying the targeted cells. Selection of the best
adapted wavelength, power and pulse duration allows
achieving optimal effect on targeted biological structure
with minimal effect on surrounding tissue.

The application of optical treatment may be improved by
application of exogenous chromophores to the target bio-
logical structure. The exogenous chromophores may be
applied in form of topical lotion, or may be delivered to the
target biological structure by micro-invasive or invasive way
such as injected.

According to the parameters of the optical waves used,
different layers of the skin and different biological structures
may be selectively treated. Various wavelengths, powers,
pulse durations and repetition rates of electromagnetic radia-
tion are applicable to provide the advantage of vast vari-
ability of penetration and absorption parameters. The opera-
tor may also adjust the optimum treatment time for each
wavelength and the time sequences of treatments by differ-
ent wavelengths, while some of them may overlap in time.
In this way, a tailor-made solution for each patient and each
indication is available. The treatment may be highly selec-
tive to reduce or avoid damage of the surrounding tissues.

Combinations of a plurality of optical waves generating
devices allow performing the treatment of plurality of target
biological structures at the same time and/or treating the
same target tissue simultaneously by different means, which
optimizes the doses of radiation applied. This diversification
may also eliminate the risk of overheating, as the optical
treatment with parameters leading to no or negligible ther-
mic effect may be used. As a result, the risk of heat damage
may be considerably reduced.

Ifthe patient has more imperfections to be treated situated
in the same body areas, it is also possible to treat them
simultaneously by different types of electromagnetic waves.
Each of the electromagnetic waves may be adjusted to
optimum parameters for the target biological structure
imperfection treatment. Thus the time of patient and of the
operator is reduced, reducing the treatment cost.

The optical waves thermal effect may lead to temperature
increase in the dermal and the sub dermal tissues also affects
the triple-helix structure of collagen fibers contained in such
tissues. This may result in remodeling and rejuvenation of
collagen, increase of skin density and dermal thickening
based on neocollagenesis. Skin tightening may also be
achieved. In one aspect, the present methods selectively treat
deep human tissue containing low volume of water, such as
adipose tissue. Optical energy is provided to the skin by
optical waves generating device. Remodeling and reducing
the volume and/or number of adipocytes or skin tightening
in the targeted areas may change the overall appearance of
the body. Therefore it may be used for body contouring,
body shaping and cellulite treatment.

Optical energy may be provided to the skin by at least one
optical waves generating device in pulse or continuous
mode. Optical energy is provided through the skin to the
underlying dermal and/or subdermal tissue, without contact-
ing the skin. The radiant energy may be converted inside the
target tissue to heat. The radiant energy enables treating of
the adipose tissue and/or collagen tissue, accelerating apop-
tosis and/or cell lysis (e.g. adipose cell), based on amount of
energy transmitted to target biological structure. At the same






