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SYSTEM AND METHOD FOR PROVIDING
TREATMENT FEEDBACK FOR A THERMAL
TREATMENT DEVICE

INCORPORATION BY REFERENCE TO
RELATED APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby incor-
porated by reference under 37 CFR 1.57. This application
claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Patent Application No. 61/809,544, filed Apr. 8, 2013, and
U.S. Provisional Patent Application No. 61/836,925, filed
Jun. 19, 2013. Each of the aforementioned applications is
incorporated by reference herein in its entirety, and each is
hereby expressly made a part of this specification.

BACKGROUND
[0002] 1. Technological Field
[0003] This application relates generally to a thermal treat-

ment device configured to administer heat for medical treat-
ment. More particularly, this disclosure relates to a device for
applying thermal energy to a target, monitoring the applica-
tion of the via thermal energy imager on a display, and using
the imagery to direct further application of energy.

[0004] 2. Description of the Related Art

[0005] Thermal application devices may be used for heat-
ing the skin to initiate neocollagenesis, and skin tightening.
Such devices may also be adapted to provide heat in the
subcutaneous region so as to burn lipids. Such devices may be
accomplished by targeting the desired area of treatment with
heat in the form of a radio frequency (“RF”) emitter. Use of a
radio frequency allows heat energy to be applied at a desired
depth below the surface of the skin (epidermis).

[0006] Therefore it would be advantageous to provide a
system configured to apply thermal energy to a treatment area
that provides -timely feedback data regarding the treated area
for subsequent application of energy.

SUMMARY

[0007] Inafirstaspect (for example independently combin-
able with any of the aspects or embodiments identified
herein), a thermal treatment system is provided, comprising:
a thermal transmitter configured to apply an amount of ther-
mal energy to a target site, the thermal energy having a
selected frequency or wavelength, a selected power level, and
a direction. The system may further comprise a thermal
imager configured to capture thermal data and thermal
images of the target site. The system may further comprise a
thermal display configured to display the thermal data and the
thermal images.

[0008] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise a user interface allowing a
selection of a routine for the application of thermal treatment
to the target site, the routine comprising instructions for the
application of the thermal energy, at least one processor con-
figured to process the thermal images and thermal data
according to the selected routine, and a controller configured
to indicate on the display a required adjustment to the selected
frequency or wavelength and the selected power level of the
thermal transmitter, or command an adjustment to the
selected frequency or wavelength and the selected power
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level of the thermal transmitter, based on the thermal data and
the thermal images, according to the selected routine.
[0009] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise a radio frequency transmitter
configured to transmit the thermal energy to the target site at
a depth below the surface of the skin and a mechanical drive
configured to receive commands from a controller to adjust
the direction of the applied thermal energy.

[0010] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise an infrared transmitter config-
ured to transmit the thermal energy to the target site at a depth
below the surface of the skin and a mechanical drive config-
ured to receive commands from a controller to adjust the
direction of the applied thermal energy.

[0011] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise a memory configured to store
information related to the execution of the selected routine,
the memory being accessible by the processor, the thermal
transmitter, and the thermal imager, and the memory further
comprising at least one database for storing a plurality of
routines.

[0012] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise a wireless communication link
operationally connecting the thermal transmitter, the thermal
imager, and the thermal display.

[0013] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
display may be configured to display the thermal images and
a gradient map, the gradient map being configured to depict a
plurality of temperatures of the tissue at the target site, at a
selected depth below the surface of the skin.

[0014] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
thermal imager may be configured to provide thermal data at
aposition in the tissue anywhere in the range from the surface
of the skin to 15,000 micrometers below the surface of the
skin.

[0015] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
system may further comprise the thermal transmitter may be
further configured to transmit thermal energy to a selected
depth anywhere in the range of zero to 15,000 micrometers
below the surface of the skin at the target site.

[0016] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
thermal transmitter may be further configured to heat the
tissue beneath the target site to a temperature anywhere in the
range from 35 degrees Celsius to 50 degrees Celsius.

[0017] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
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thermal transmitter, the thermal imager, and the thermal dis-
play may be configured in a unitary handheld unit.

[0018] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
unitary handheld unit may comprise a link powering the
unitary handheld unit; the link may be further configured to
provide communication with at least one external processor.
[0019] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
thermal transmitter may be further configured to cryogeni-
cally cool the tissue at the target site to a temperature range
anywhere from 10 degrees Celsius to negative 20 degrees
Celsius.

[0020] In an embodiment of the first aspect, which is gen-
erally applicable (for example, independently combinable
with any of the aspects or embodiments identified herein), the
thermal display may be configured to display at least one of:
the thermal images, the thermal data, and the gradient map,
the gradient map indicating graphical depiction of the tem-
peratures of the tissue at the target site at the selected depth.
[0021] Inagenerally applicable second aspect (for example
independently combinable with any of the aspects or embodi-
ments identified herein), a method is provided for applying
thermal treatment, comprising, providing a target site on a
patient, the target site comprising tissue having certain char-
acteristics, positioning a thermal transmitter, the thermal
transmitter configured to transmit thermal energy toward the
target site, applying the thermal energy to the target site
according to a thermal treatment routine, the thermal energy
having a selected frequency or wavelength, a selected power
level, and a direction, capturing thermal data and thermal
images of the target site with a thermal imager, the thermal
data and thermal images corresponding to a tissue tempera-
ture at the target site, and displaying the thermal data and the
thermal image of the target site on a thermal display.

[0022] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any of the aspects or embodiments identified herein)
the method may, further comprise, selecting the thermal treat-
ment routine according to the characteristics, monitoring the
thermal images and the thermal data for an optimum tissue
temperature, and adjusting the selected frequency or wave-
length, the selected power level, or the direction, according to
the monitoring and the selected routine.

[0023] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any of the aspects or embodiments identified herein)
the method may, further comprise, applying the thermal
energy to the tissue at the target site at a depth beneath the
surface of the skin.

[0024] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any of the aspects or embodiments identified herein)
the method may further comprise storing information related
to the execution of the selected routine in a memory acces-
sible by the processor, the thermal transmitter, and the ther-
mal imager, the memory further comprising at least one data-
base for storing a plurality of routines.

[0025] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any of the aspects or embodiments identified herein)
the method may further comprise, wirelessly communicating
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the thermal data and the thermal images from the thermal
imager to the thermal display; and wirelessly communicating
a plurality of control signals from a controller to the thermal
transmitter and the thermal imager.

[0026] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the method may further comprise, displaying the thermal data
and the thermal images on a gradient map, the gradient map
configured to depict a plurality of temperatures of the tissue at
the target site the a selected depth beneath the surface of the
skin.

[0027] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the thermal imager may be configured to provide thermal data
at a position within the tissue anywhere in a range from a
surface of the skin to 15,000 micrometers below the surface of
the skin.

[0028] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the thermal transmitter may be configured to transmit thermal
energy to a selected depth anywhere in a range from a surface
of the skin to 15,000 micrometers below the surface of the
skin at the target site.

[0029] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the thermal transmitter may be further configured to heat the
tissue at the target site to a temperature anywhere in a range of
from 35 degrees Celsius to 50 degrees Celsius.

[0030] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the thermal transmitter may be further configured to cryo-
genically cool the tissue at the target site to a temperature
anywhere in a range of from 10 degrees Celsius to negative 20
degrees Celsius.

[0031] In an embodiment of the second aspect, which is
generally applicable (for example, independently combin-
able with any ofthe aspects or embodiments identified herein)
the thermal display may be configured to display at least one
of'the thermal images, the thermal data, and the gradient map,
the gradient map indicating graphical depiction of the tem-
peratures of the tissue at the target site at the selected depth
[0032] In a generally applicable third aspect (for example
independently combinable with any of the aspects or embodi-
ments identified herein), an apparatus is provided for thermal
treatment comprising, means for selecting a thermal heating
routine, means for heating a target site, means for sensing
thermal emittance of the target site, means for providing
feedback to a user, and means for adjusting the application of
the thermal energy according to the feedback and the thermal
heating routine.

[0033] Inagenerally applicable fourth aspect (for example
independently combinable with any of the aspects or embodi-
ments identified herein), a non-transitory, computer readable
medium is provided, that when executed by a processor is
configured to, position a thermal transmitter, the thermal
transmitter configured to transmit thermal energy toward a
selected target site on a patient, apply the thermal energy to
the target site according to a thermal treatment routine, the
thermal energy having a selected frequency, a selected power
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level, and a direction, capture thermal data and thermal
images of the target site with a thermal imager, the thermal
data and thermal images corresponding to a skin temperature
at the target site, display the thermal data and the thermal
image of the target site on a thermal display, and adjust at least
one of the selected frequency, the selected power level, and
the direction, according the thermal treatment routine.
[0034] In a generally applicable fifth aspect (for example
independently combinable with any of the aspects or embodi-
ments identified herein), a method for applying thermal treat-
ment, comprising is provided according to the figures and
steps disclosed herein.

[0035] In a generally applicable sixth aspect (for example
independently combinable with any of the aspects or embodi-
ments identified herein), an apparatus method for applying
thermal treatment, comprising is provided, according to the
figures and characteristics disclosed herein.

[0036] Any of the features of an embodiment of the first
through sixth aspects is applicable to all aspects and embodi-
ments identified herein. Moreover, any of the features of an
embodiment of the first through sixth aspects is indepen-
dently combinable, partly or wholly with other embodiments
described herein in any way, for example, one, two, or three or
more embodiments may be combinable in whole or in part.
Further, any of the features of an embodiment of the first
through third aspects may be made optional to other aspects
or embodiments. Any aspect or embodiment of a method can
be performed by a system or apparatus of another aspect or
embodiment, and any aspect or embodiment of a system can
be configured to perform a method of another aspect or
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The foregoing and other features of the present dis-
closure will become more fully apparent from the following
description, taken in conjunction with the accompanying
drawings. Understanding that these drawings depict only
some embodiments in accordance with the disclosure and are,
therefore, not to be considered limiting of its scope, the dis-
closure will be described with additional specificity and detail
through use of the accompanying drawings.

[0038] FIG.1is a functional block diagram of a system for
application of therapeutic thermal energy according to the
disclosure;

[0039] FIG. 2 is a functional block diagram of a device for
application of therapeutic thermal energy according to the
disclosure;

[0040] FIG. 3 is a close up functional block diagram of the
device of FIG. 2, according to the disclosure;

[0041] FIG. 4 is a functional block diagram of a user inter-
face, according to the disclosure.

[0042] FIG. 5 is functional block diagram of a thermal
display according to the disclosure; and

[0043] FIG. 6 is a flowchart depicting a thermal feedback
process according to the disclosure;

[0044] FIG. 7A depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0045] FIG. 7B depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0046] FIG. 7C depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;
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[0047] FIG. 7D depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0048] FIG. 7E depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0049] FIG. 7F depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0050] FIG. 7G depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0051] FIG. 7H depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0052] FIG. 71 depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0053] FIG. 7] depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0054] FIG. 7K depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0055] FIG. 7L depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0056] FIG. 7M depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0057] FIG. 7N depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0058] FIG. 70 depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0059] FIG. 7P depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0060] FIG. 7Q depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0061] FIG. 7R depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0062] FIG. 7S depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure;

[0063] FIG. 7T depicts readings of a thermal imager that
implemented to provide feedback, according to some
embodiments of the present disclosure; and.

[0064] FIG. 8 depicts a functional block diagram of an
embodiment of the thermal treatment device according to the
disclosure.

DETAILED DESCRIPTION

[0065] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description
and drawings are not meant to be limiting. Other embodi-
ments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject
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matter presented here. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, and illustrated in the figures, may be arranged, sub-
stituted, combined, and designed in a wide variety of different
configurations, all of which are explicitly contemplated and
made a part of this disclosure.

[0066] The application of thermal energy to a patient’s skin
for medical or therapeutic reasons can have positive effects.
Certain thermal energy application systems may be able har-
nesses these beneficial properties through the use of RF
energy, microwave energy, direct heating (convective, con-
ductive) systems, ultrasound, light (for example, proton)
energy, and certain lasers system, among others. For purposes
of this disclosure, RF will refer to the frequencies falling
between 3 hertz (Hz) and 300 gigahertz (GHz), while over-
lapping with microwave radiation in the range of 300 mega-
hertz (Mhz) to 300 GHz.

[0067] Medical uses of RF are based on an oscillating elec-
trical current forcing collisions between charged molecules
and ions that are transformed into heat experienced at the
target space. RF heating occurs irrespective of chromophore
(color of the molecule) or skin type and is not dependent on
selective photothermolysis. RF energy can be delivered using
monopolar, bipolar, and unipolar devices, and each RF deliv-
ery method has theoretical limits regarding the depth of skin
penetration.

[0068] RF thermal stimulation is believed to result in a
microinflammatory process that promotes new collagen,
tightening the skin at a target site. By manipulating skin
cooling, RF can also be used for heating and reduction of fat.
RF-based devices may further be configured to noninvasively
achieve skin tightening and body contouring.

[0069] RF energy may beimparted to and/or incident on the
skin, manifesting as heat within the targeted areas including
depths within the skin. Application depth and area may be
dependent upon the intensity of the energy source, and the
frequency and wavelength of the energy waves. These sys-
tems may be employed in medical or therapeutic environ-
ments to provide aesthetic results by melting subcutaneous
(for example, below the skin) fat and tightening skin, for a
more youthful appearance.

[0070] Certain thermal treatment systems may further
incorporate infrared (IR) energy emissions in the near-, mid-,
or far-IR bands. Infrared light (also referred to herein as IR
energy) is electromagnetic radiation with longer wavelengths
than those of visible light, extending from the nominal red
edge of'the visible spectrum at 700 nanometers (nm) to 1 mm.
This range of wavelengths corresponds to a frequency range
of approximately 430 terahertz (THz) down to 300 GHz. IR
energy may be applied to a target through the use of heating
elements (metallic or ceramic heating elements) or IR light
emitting diode (LED) directed at the target. IR energy may be
used both as a heat source, but also as a way to monitor the
amount of thermal energy applied to a target, as discussed
below. Most of the heat, or thermal radiation, emitted by
objects, is also detectable as infrared energy. This detectable
energy may be captured and represented as thermal imagery.
[0071] Some thermal therapy systems may emit a constant,
or steady flow of energy, while others implement a system
using periodic bursts of energy to heat the skin and/or areas
below the surface of the skin to achieve the desired effects.
Other disclosed systems may utilize a hybrid having a mix of
the peaks or bursts of energy and steady energy emissions,
having a custom or user-programmable profile emitting
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energy at different times and different areas of the body. For
example, a treatment procedure on the face will encounter
generally thinner skin than a procedure on the abdomen;
accordingly, penetration depth of the RF energy should gen-
erally be shallower on the face than the abdomen.

[0072] Certain thermal treatment systems or devices pro-
vide a self-contained apparatus that an individual may imple-
ment. Alternatively, a clinician may apply the thermal energy
for a specific medical process or procedure. Some systems
may control thermal energy flow through a measurement of
total energy emitted from the device or through the use of
feedback controls such as a temperature sensor adjacent to or
in contact with the skin, or on the output of the thermal
application device, or through the use of thermal imaging.

[0073] Certain embodiments may have an indicator pro-
jected onto the skin, indicating an area of the skin where
energy is applied. In an embodiment, a laser pointer or a light
emitting diode (LED) may be implemented within the device
providing a sight or indicator to the user for directing the
application of the energy. Certain embodiments may further
comprise a measurement of how much energy is being emit-
ted by the system and directed toward the skin.

[0074] Certain embodiments may further have a thermal
imaging system providing a qualitative or quantitative indi-
cation of how much energy is being absorbed by the skin. As
the energy (for example, RF, heat, light (including for
example, laser, LED), microwave, ultrasonic) is directed
toward the skin, the frequency and wavelength of the energy
may affect the amount of energy actually absorbed and at
what depth beneath the surface of the skin. A thermal camera
implemented as a feedback system may provide a color gra-
dient indicating the area of the skin heated by the system.
Such qualitative feedback may be used to show the parts of
the skin that have been heated as indicated by the colored
gradient (for example, red for higher heat, yellow or orange
for medium heat) ensuring the user can apply the energy and
heat the skin in a desired manner. Certain other embodiments
may correlate the colored gradient to specific temperatures or
temperature ranges, giving a quantitative output to the user or
precise feedback to the system, allowing a more precise appli-
cation of energy to the skin.

[0075] Certain embodiments may further provide an indi-
cation of specific temperatures at different levels beneath the
skin. While the thermal transmitter may be calibrated in fre-
quency and wavelength to target energy to a specific layer of
skin or adipose tissue (superficial skin to 15,000 um beneath
the surface), the thermal imager may further be configured to
detect local temperatures at a specific level beneath the skin,
providing the system and the user with specific feedback as to
where the energy should be directed. This information may be
provided to the thermal display.

[0076] In certain embodiments, a processor may be imple-
mented in the system that may process the feedback provided
by the thermal camera for directing the user’s application of
energy. The directions provided by the processor may be in
accordance with a specific program or therapeutic process. A
thermal display may be used to direct the application of
energy, while also providing feedback regarding the energy
already applied. The processor may direct the user where to
apply the energy according to the program selected.

[0077] In certain embodiments, the system may further
comprise additional processor(s) automatically analyzing the
thermal image feedback. Such an embodiment may comprise
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a thermal transmitter, a thermal imager, and one or more
processors that autonomously direct the application of the
energy without user input.

[0078] FIG. 1 depicts a system 100 for administering ther-
mal treatment according to the disclosure. As shown, a patient
102 is receiving therapeutic RF energy 104 at a target site 106.
The system 100 administers and controls the emission and
measurement of the RF energy 104. While referred to herein
as “RF energy,” the energy 104 may also be implemented in
the IR or microwave ranges. In certain embodiments, the IR
and/or microwave transmissions may complement the RF
transmissions, optimizing the energy absorption by the skin at
the target site 102.

[0079] Inanembodiment, the system 100 comprises a ther-
mal transmitter 120, a thermal imager 140, and a thermal
display 160. The thermal transmitter 120, the thermal imager
140, and the thermal display 160 are shown located remotely
from each other, however as shown below, the various com-
ponents of system 100 may be collocated in a fewer compo-
nents, comprising two or more of the listed elements (for
example, the thermal transmitter 120, the thermal imager 140,
and the thermal display 160), or in a unitary embodiment as
shown below. Each of the components, the thermal transmit-
ter 120, the thermal imager 140, and the thermal display 160
are depicted as functional block diagrams with each block
representing a portion of the internal electronics of each com-
ponent as described.

[0080] The thermal transmitter 120 may be a handheld
device, as shown below in FIG. 2 and FIG. 3, or be con-
structed on an autonomous or computer-driven, motorized
mount. In some embodiments, the thermal transmitter 120
comprises a processor 122 (also referred to herein as a
“CPU”) operationally coupled to a memory (“mem.”) 124
configured to store executable programs, operating systems,
or certain data required for operation of the thermal transmit-
ter 120. The thermal transmitter 120 may further comprise a
controller (“contr.”) 126 operationally coupled to the proces-
sor 122 and the memory 124 and configured to control the
operations of the thermal transmitter 120. The thermal trans-
mitter 120 may further comprise an RF transmitter 128
coupled to at least the processor 122 and the controller 106.
The RF transmitter 128 may be configured to transmit RF
energy 104 directed to a target site 106 on the skin of a patient
102 as disclosed herein. In another embodiment, the RF trans-
mitter 128 may be alternatively configured as an IR transmit-
ter. In another embodiment, both the thermal transmitter 120
may be configured with the RF transmitter 128 and an IR
transmitter.

[0081] Inan embodiment, the thermal transmitter 126 may
further comprise a mechanical drive 130, operationally
coupled to the controller 126. The mechanical drive 130 may
be employed to autonomously move the thermal transmitter
120 using feedback from one or more CPU 122 or user input
via a user interface, described below. In an embodiment, the
mechanical drive 130 may be optional if the system 100 is
employed as a handheld device, as discussed with respect to
FIG. 2.

[0082] The processor 122 may be further configured to
receive input from other components (for example, the ther-
mal imager 140 and the thermal display 160), analyze the
input, and provide commands to the controller 126 to adjust
the frequency, wavelength, and/or power level of the emitted
RF energy 104 from RF transmitter 128. In an embodiment,
the thermal imager 140 may receive thermal information,
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comprising thermal images of the target site 106 discussed
below, as feedback and control information that the thermal
transmitter 120 may use to adjust RF emissions 104.

[0083] The thermal transmitter 120 may further comprise a
communications controller (“comm.”) 132 operationally
coupled to the processor 122 configured to transmit and
receive information and commands from the thermal imager
140 and/or the thermal display 160 via a communication link
110. The communications controller 132 may communicate
with the analogous communications controllers (discussed
below) on the thermal imager 140 and the thermal display
160. The processor 122 may receive thermal or other sensory
information from the thermal imager 120 via the communi-
cation link 110 and be further configured to process the sen-
sory information and adjust the emitted RF energy 104, as
required by a selected routine (discussed below) or by direct
user input.

[0084] A communication link 110 may be implemented as
a wireless connection or as a wired connection between the
various components of system 100. In an embodiment, the
communication link 110 may comprise a wireless (for
example, Wi-Fi) network. The communication links 110
implemented as a wireless connection may comprise a Wi-
Fi™ or Bluetooth™ transceiver or other suitable wireless
communication protocols.

[0085] The thermal transmitter 120, and more specifically,
the RF transmitter 128, may be configured to administer
thermal energy in the RF spectrum directed at a target site 106
on the skin of a patient 102. The thermal energy may be
adjusted to penetrate to a desired depth within the skin of the
patient 102. Such RF energy 104 may be referred to as “ther-
mal energy” herein based on the localized heating that results
from the impact of the charged RF particles on the target
molecules within the skin, as noted above.

[0086] The type of energy type, frequency, and wavelength
of the emissions from RF transmitter 128 may be varied
according to the type or intensity of therapy desired. In an
embodiment, the thermal transmitter 120 may operate in an
RF/microwave range at approximately 3 Hz nm-300 GHz,
outside of the visible light spectrum, but above that of IR (1
mm-10* Km). Certain other embodiments the thermal trans-
mitter may further comprise laser or ultrasound transmitters
(in addition to or in place of the RF transmitter 128) for the
introduction of heat energy below the surface of the skin. The
frequency and wavelength of the imparted energy may be
optimized such that it is absorbed at specific depths of skin
without extreme superficial heating that may cause discom-
fort or burns.

[0087] In an embodiment, the thermal transmitter 120 is
configured to administer heat the target site 106 to a tempera-
ture in the range of 38° Celsius and 42° Celsius. In some
embodiments, the thermal transmitter 120 is configured to
administer heat the target site 106 to a temperature of about
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50°
Celsius or any number or range therebetween. In some
embodiments, the skin may be heated for about 0.1, 0.2, 0.3,
04,0.5,0.6,0.7,0.8,09,1.0,2,3,4,5,6,7,8,9,10, 11, 12,
13, 14, 15 minutes or more or any number or ranger therebe-
tween. In certain embodiments, the skin may be heated to 47°
Celsius for certain applications for as long as ten minutes to
achieve optimum results. In certain embodiments, heating
energy should be applied to skin to heat the skin to 37° Celsius
for seven minutes for optimum results for certain lipolysis
treatments. The amount of heat administered may be adjusted
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by reducing or increasing the rate at which the heat is emitted,
or increasing the energy of the transmission.

[0088] Inanembodiment, theuse ofthe RF energy 104 may
allow the clinician to heat the target site 106 from a distance
(remotely, for example) without actually contacting the skin.
However, while FIG. 1 depicts a thermal transmitter 120 not
in contact with the target site 106, certain embodiments may
contact the skin at the target site 106 as required. In another
embodiment, at least a portion the thermal transmitter may
contact the skin at the target site 106, as shown in FIG.
7A-FIG. 7T. In an embodiment providing contact between the
thermal transmitter 120 and the target site 106, certain sensors
(not shown) may be collocated with the thermal transmitter
120. Such sensors may further comprise a thermistor or ther-
mometer to sense local skin temperature (degrees). The ther-
mal transmitter 120 may further comprise a plurality of elec-
trodes configured to sense skin impedance (ohms) and in
order to further regulate the application of energy 104.
[0089] The thermal treatment selected for use with the sys-
tems and devices disclosed herein may further consider
lipolysis that occurs at colder temperatures as well. Cryoli-
polysis may occur from temperatures ranging from +10° C.
down to =20° C. where frostbite occurs. In an embodiment,
the colder temperatures targeted by the thermal treatment
system 100 may be from +10° C. to -5° C., as needed. In such
an embodiment, the thermal transmitter 120 may be fitted
with cooling elements (not shown) that may contact the skin
at the target site 106. The cooling elements may be serve to
prevent patient 102 discomfort or superficial burns at the
target site 106 during energy 104 application.

[0090] In certain embodiments, cryogenic cooling ele-
ments may further be implemented in system 100. Tissue
response to cryo-cooling and lipolysis at the target site 106
may be similar to other types of heat energy (RF, IR energy
194, for example). This is discussed further below with
respect to FIG. 2.

[0091] In certain embodiments, the thermal imager 140 is
configured to detect thermal energy in the infrared (IR) spec-
trum as a measure of the amount of energy applied to the skin
at target site 106. As noted above, as the target site 106
absorbs energy 104, the surrounding tissue will increase in
temperature. As the target site 106 increases in temperature,
heat is radiated and manifests as IR energy, emitted from the
target site 106 and detectable by the thermal imager 140. For
purposes of this disclosure, IR will be considered light below
the wavelength of the visible spectrum in the range of 700
nm-1 mm, or frequencies between 430 THz-300 GHz.
According to the ISO (International Organization for Stan-
dardization) 20473 scheme the terms “near IR” (0.78 um-3
um), “mid-IR,” (3 um-50 pm), and “far IR” (50 um-1 mm)
may also be referenced herein. However, other common sub-
divisions of near, mid, and far IR spectra vary and may be
further sub-divided, and will be specifically referenced where
stated.

[0092] The thermal imager 140 may comprise a processor
(“CPU”) 142 configured to execute a software program stored
within a memory (“mem.”) 144. The thermal imager 140 may
further comprise at least one controller (“contr.”) 146 opera-
tionally coupled to the processor 142 and memory 144. The
thermal imager 140 may further comprise an imaging sensor
(“IR”) 150 operationally coupled to at least the controller 146
and configured to capture thermal images of the target site
106 and communicate the thermal images to the processor
142 and memory 144 for storage. The thermal transmitter 140
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may further comprise a communications controller 152
operationally coupled to the controller 146, and configured to
communicate with the analogous communications compo-
nents of the thermal treatment system 100, for example, com-
munication controller 132 of thermal transmitter 120.
[0093] The thermal imager 140 may further comprise an
imaging sensor 150 operationally coupled to at least the pro-
cessor 142. The imaging sensor 150 may be formed at least in
part using germanium (“Ge”) lenses. Ge lenses appear
opaque and reflective to visible light. Ge lenses, however,
may be useful inimplementations for IR filtration and sensing
as many Ge compound are transparent to IR light/energy. The
imagining sensor 150 may be configured to sense thermal
emissions from the target site 106, as discussed below. The
thermal images provided to the clinician administering the
thermal treatment to the patient 102 may use the thermal
images as feedback, indicating where energy 104 has been
applied and where energy 104 need be applied next.

[0094] In an embodiment, the thermal imager 140 may
further comprise a mechanical drive 154 operationally
coupled to the controller 142. In certain embodiments, the
thermal imager 140 may be mounted to an autonomous sys-
tem configured to adjust a field of view of an imaging sensor
150.

[0095] The imaging sensor 150 may be configured to pro-
vide precise thermal readings of the target site 106. The
thermal imager 140 may be further configured to provide a
high-resolution thermal reading of the target site 106 at mul-
tiple depths beneath the skin. The memory 144 may store
various programs and/or algorithms that when executed by
the processor 142, are configured to calculate precise mea-
surements of the temperature of various areas at various
depths below the skin surface at the target site 106. The
controller 146 may use the information from the processor
142 regarding the detected thermal images (FIG. 7A-FIG.
7T) to generate commands communicated to the thermal
transmitter 120 via communication link 110. These com-
mands function as precise and timely feedback, comprising a
directional adjustment or transmission level adjustment com-
mand to the thermal transmitter, based on the thermal imagery
of the target site 106. In certain embodiments, the feedback
provided by the thermal imager 140 is nearly instantaneous,
providing optimum information for completion of the medi-
cal procedure.

[0096] The thermal imager 140, and more precisely, the
communication controller 152, may transmit data regarding
the thermal imagery to a communication controller 172 inte-
grated into the thermal display 160, via communication link
110. In an embodiment, the communication link 110 may
allow communication with, and projection of the thermal
images and thermal data on, multiple thermal displays 160.
Accordingly, in certain embodiments, one or more of the
multiple displays 160 may be located apart from the thermal
transmitter 120 and/or the thermal imager 140.

[0097] The thermal display 160 may comprise a processor
(“CPU”) 162 configured to process the data received by the
communication controller 172. The thermal display 160 may
further comprise a memory (“mem.”) 164 operationally
coupled to the processor 162 configured to store data related
to data captured by the imaging sensor 150. The thermal
display 160 may further comprise a controller 165 operation-
ally coupled to the processor 162 and memory 154 and con-
figured to control the operations of the thermal display 160.
The processor 162 and controller 166 may be further config-
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ured to receive user input via a user interface 170. In an
embodiment, the user interface 170 may comprise a touch-
screen or display (for example, an LED display) configured to
both receive input and display images captured by the thermal
imager 140. The user interface 170 may further comprise a
plurality of buttons, switches, or knobs.

[0098] Inanembodiment, the user interface 170 may com-
prise a drop down menu for selection of a routine (described
in FIG. 5) provided on the user interface 170. The user inter-
face 170 may further comprise a cluster of buttons, switches
or other controls located on the thermal display 160 config-
ured to receive user input. In an embodiment, the controls
may be located on the thermal transmitter 120 or the thermal
imager 140.

[0099] Theprocessor162 and controller 166 may further be
configured send data to the user interface 170, depicted as a
visual representation of various temperature gradients at the
targeted site 106. The user interface 170 within the thermal
display 160 may provide the operator with a visual represen-
tation of both the target site 106 to which RF energy and heat
is being administered as well as the surrounding area. The
processor 162 may further processes the thermal reading data
to generate a gradient map 200 (shown in FIG. 4) of the target
site 106 and the area surrounding the targeted treatment area.
[0100] The processor 162 may be further configured to
process the thermal image data to provide suggestions of
additional target sites 106 or areas onto which the thermal
transmitter 120 should focus to optimize the use of the RF
emissions 104. The suggestions may be displayed on the user
interface 170 as a plurality of arrows (not shown) indicating to
the user where to direct the thermal transmitter 120. The
arrows may light up on the thermal display 160, and the user
may process the suggestions with the thermal image shown
on the thermal display 160 to move the thermal transmitter
120.

[0101] The thermal display 160 may further include a data-
base 174 operationally coupled to the processor 154. The
database 174 may be housed within the memory 164 or may
be configured as a separate component. While FIG. 1 depicts
the database 160 housed within the thermal display 160, the
thermal imager 140 and the thermal transmitter 120 both may
have access to the information contained within the database
174 via link 110. Although not shown here, in certain embodi-
ments, the thermal transmitter 120 or the thermal imager 140
may alternatively comprise the database 174 or comprise
their own individual databases 174.

[0102] The database 174 may comprise a plurality of rou-
tines containing instructions to the system 100 to execute
certain functions. The routines, when executed by the proces-
sor 164, may be configured to command movement of the
thermal imager 140 (via the drive 154) to adjust focus to a
different target site 106. The routines may be designed to
command to the thermal transmitter 120 to adjust RF emis-
sions and apply energy 104 to various parts of the target site
106 to optimize energy 104 exposure for a certain thermal
treatment or procedure. In an embodiment, such commands
or routines may be input by a clinician or other user (not
shown). In certain embodiments, the system 100 may operate
autonomously once a user selects a routine.

[0103] Inanembodiment, routines are selected via the user
interface 170. The user interface 170 may comprise a drop
down menu (discussed with respect to FIG. 5) provided on the
thermal display 160 that may be controlled by a touch screen
or a cluster of buttons. Each routine may comprise optimum
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temperatures for a specific body part, which may also be
cross-referenced with a specific type of treatment. For
instance, one of the routines may be directed towards fat
burning in which optimum heat temperatures are provided for
various depths beneath the outer surface of the skin. Each
routine may administer RF energy 104 differently as a result
of the type of body part (target site 106) being treated. For
instance, a routine which targets fat (adipose tissue) found
along the abdominal area might run through heat treatments
at layers 3,000-4,000 microns (or micrometers (Lm)), 4,000-
5,000 um, 5,000-6,000 pm, 6,000-7,000 um, 7,000-8,000 um,
8,000-9,000 um, or 9,000-10,000 um beneath the top surface
of'the skin. In an embodiment, a routine may apply RF energy
104 to any depth of tissue between the surface of the skin
down to 15,000 um below the surface of the skin. Certain
procedures may comprise a routine that applies energy 104 to
a shallower depth beneath the for skin rejuvenation along the
face. In such an embodiment, the energy 104 may be applied
at depths from the surface to 1,000, 2,000, 3,000, or 4,000 um
beneath the top surface of the skin.

[0104] In an embodiment, the desired thermal treatment
may comprise skin or tissue tightening at layers of the skin
from the epidermis through to the reticular dermis. In another
embodiment, the desired treatment may comprise fat melting
or adipolysis (adipose fat digestion) in areas with high con-
centrations of cellulite, for example. The foregoing should
not be considered an exhaustive list, as the system and devices
of the disclosure may be used on any portion of the body
requiring such treatment.

[0105] In an embodiment, each routine may include opti-
mum temperatures for a specific body part, which may also be
cross-referenced with a specific type of treatment. As a non-
limiting example, one of the routines may be directed towards
fat burning in which optimum heat temperatures are provided
for various depths beneath the outer surface of the skin. Each
routine may administer heat differently as a result of the type
of body part, which is being treated. For instance, a routine
targeting fat found along the abdominal area might run
through heat treatments at layers 4,000 um beneath the top
surface of the skin, 6,000 um beneath the top surface of the
skin, as well as 10,000 um beneath the top surface of the skin,
whereas a routine directed towards skin rejuvenation along
the face may only target sites 4,000 um underneath the top
surface of the skin.

[0106] The temperature range of each routine may also
vary. Thus, the processors 122, 142, 162 may cooperate in
order to optimize the application of thermal energy 104. In
certain embodiments, the processors 122, 142, 162 and con-
trollers 126, 146, 166 in coordination with the drives 130,
154, to command the system 100 to automatically adjust the
RF emissions 104 to achieve the temperature a specific rou-
tine requires.

[0107] Many thermal treatment operations require specific
temperatures at specific locations and specific depths beneath
the skin. Accordingly, a high degree of accuracy and precision
may be required in three dimensions to achieve the desired
outcome. The various components of the system 100 may
operate in conjunction, to deliver RF energy 104 to the target
site 106, monitor the location and temperature of the target
site 106 using the thermal imager 140, while providing timely
feedback to the applicable controllers 126, 146, 166 to
achieve appropriate adjustments to accomplish the desired
procedure.
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[0108] FIG. 2 shows an embodiment of a thermal treatment
device 200 in accordance with the disclosure, being
employed by a user 201 (also referred to herein as “operator”
or “clinician”) on the target site 106. In an embodiment, the
thermal treatment device 200 comprises a housing 202, pro-
viding a mounting point for the various components of the
thermal treatment device 200 and for protecting the internal
electronics. The internal electronics are depicted here as a
functional block diagram within the housing 202. The ther-
mal treatment device 200 further comprises a thermal trans-
mitter 220 substantially similar to the thermal transmitter
120. The thermal transmitter 220 may be configured to trans-
mit the energy 104 toward the target site 106 (shown in dashed
lines). The thermal treatment device 200 may further com-
prise athermal imager 240 substantially similar to the thermal
imager 140 of FIG. 1. The thermal imager 140 may sense heat
emitted from the target site 106 as IR energy and provide
associated thermal images and thermal data to a thermal
display 260, substantially similar to thermal display 160. The
thermal images displayed on the thermal display 260 may
provide feedback to the user 201 for the timely adjustment of
application of RF energy 104 at the target site 106, in at least
direction, frequency, wavelength, and power level.

[0109] In an embodiment, the thermal display 260 is con-
figured to provide a visual representation of readings of the
thermal imager 240, providing real-time feedback to the user
201. The thermal display 260 may be mounted to a top portion
of'the housing 202, providing timely feedback to the user 201.
The thermal display 260 may be further collapsible or deploy-
able in a direction 208. The thermal images (shown in FIG.
7A-FIG. 7T) may indicate the areas that have already been
heated with the RF energy 104 as well as those areas that have
not. This may allow more precise application of RF energy
104. Some specific examples of the thermal images are dis-
cussed below with respect to FIG. 7A-FIG. 7T.

[0110] In an embodiment, the thermal display 260 may be
mounted on top of the housing 202, as shown, or may be
positioned on one of the sides of the housing 202 as needed
for specific design requirements. In an embodiment, the
device 200 may not be fitted with an integral thermal display
260 as shown, but it may be constructed or formed as an
external display, similar to the thermal display 160 of the
device 100 (FIG. 1).

[0111] The thermal treatment device 200 may further com-
prise a processor (“CPU”) 222 operationally coupled to a
memory (“mem.”) 224. The memory 224 may store code such
as an operating system, required for the proper operation of
the device 200. The memory 224 may further comprise data
storage for thermal images sensed by the thermal imager 240.
The memory may further comprise a database analogous to
database 174 (FIG. 1) containing the routines for application
of'thermal energy, as discussed above. The processor 222 may
be configured to execute a routine or other software program
configured to provide a depth of reading for the thermal
imager 240.

[0112] The device 200 may further comprise a controller
(“contr.”) 226 operationally coupled to the processor 222 and
memory 224. In an embodiment, the processor 222 may be
further configured to provide suggestions to the controller
226 of areas within the target site 106 to focus the thermal
transmitter 222 in accordance with the selected routine. The
suggestions may comprise a plurality of arrows or other on-
screen graphics depicted on the thermal display 260 indicat-
ing to the user 201 where to direct the application of RF
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energy 104. The arrows may light up on the thermal display
260, and the user 201 may use the suggestions with the
thermal image shown to more accurately adjust application of
RF energy 104 from the thermal transmitter 220. The proces-
sor 226 may further provide on-screen indication of an auto-
matic adjustment of energy 104, or prompts indicating to the
user 201 that a manual adjustment to the energy 104 output is
required.

[0113] The processor 222 may further be configured to
process the thermal readings so as to generate a visual repre-
sentation of the target site 106 that directs the application of
heat by the user 201. As a non-limiting example, in an
embodiment the processor 222 may processes the thermal
reading to generate a gradient map (shown in FIG. 4) of the
target site 106 and the surrounding area. The gradient map
may be color-coded and depicted specific temperatures of the
area at the target site 106. As will be discussed below, the
gradient map may depict areas that require the application of
additional energy 104 as yellow, areas that have been suffi-
ciently heated may be displayed in green, and areas are
absorbing too much RF energy 104 may be displayed in red.
Such a visual representation may be done at both the top
surface of the skin and at various selected subcutaneous lev-
els. Accordingly, as the user 201 is able to see by a visual
indication of the heat gradient of the desired body part, the
user 201 can direct the thermal treatment device 200 to the
part of the body corresponding to yellow parts of the thermal
display until the body part turns green, for example, on the
thermal display and may reduce application or back off of a
treated area in the event that it turns red on the thermal display
260.

[0114] In an embodiment, the processor 222 may use the
sensory information provided by the thermal imager 240 to
command the controller 226 to selectively actuate the thermal
transmitter 220. Accordingly, the thermal treatment device
200 may automatically adjust (increase or reduce) the thermal
transmitter 220 output according to the readings of the ther-
mal imager 240. In an embodiment, this automatic energy
reduction feature may be suitable as a safety mechanism,
minimizing an excessive application of RF energy 104 and
heat, while allowing the user 201 to monitor and track the
thermal treatment.

[0115] In an embodiment, the controller 226 may further
use information from the processor to command a RF trans-
mitter (not shown in this figure, and substantially similar to
RF transmitter 128) to adjust RF emissions 104 as needed. In
an embodiment, the major components of the device 200,
particularly the thermal transmitter 220, the thermal imager
240, and the thermal display 260 are substantially similar to
those components in FIG. 1 providing substantially similar
functions.

[0116] The feedback provided by the thermal imager 240
may be stored in the memory 204, processed by the processor
222, and output to the controller 226 which may command an
adjustment to the RF output of the transmitter 220 in accor-
dance with a selected routine. Advantageously, the increased
precision of the feedback provided by the thermal imager 240
may provide the user with precise and individualized correc-
tions, optimizing the application of the RF energy 104.

[0117] The device 200 may further comprise a link 250,
operationally coupled to the processor 222, the memory 224,
and the controller 226. The link 250 may provide a commu-
nication link to additional processors or a larger computer
system (not shown) for the storage and use of thermal images.
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In an embodiment, the link 250 may further allow the proces-
sor 222 to remotely store routines (for example, the database
174 of FIG. 1) or access the additional processors to aid in
processing the thermal images provided by the thermal
imager 240 to provide the rapid feedback to the user 201. In
another embodiment, the link 250 may further power the
device 200.

[0118] In certain embodiments the link 250 may further
provide the thermal images and thermal data to an external
display, such as the thermal display 160 (FIG. 1). In such an
embodiment, the user 201 may utilize the thermal display 260
as a feedback control, as disclosed herein, while another
clinician or the patient 102 may be able to view the procedure
as RF energy 104 is being applied by the user 201.

[0119] In an embodiment, the thermal transmitter 220 is
configured to administer heating energy so that the skin is
heated in a range between 37° Celsius and 43° Celsius at a
desired depth beneath the surface of the skin. The amount of
heat administered to the target site 106 may be adjusted by
reducing or increasing the rate at which the heat is emitted
through changing frequency or wavelength, or by increasing
the magnitude of the transmission energy (for example, RF
energy 104). In certain embodiments, the thermal transmitter
220, like the thermal transmitter 120, may transmit energy
104 in the RF spectrum at any frequency or range of frequen-
cies between the ranges of 3 kHz to 300 GHz. In certain
embodiments, the RF energy 104 may also be transmitted
within the microwave radiation range anywhere in the range
of 300 Megahertz (Mhz) to 300 GHz. Such transmissions
may have wavelengths from 10° meters (m) to 0.1 mm. Such
wavelengths may correspond to the possible frequency bands
listed herein.

[0120] Incertain embodiments, the energy 104 may also be
IR energy, as noted above. In an embodiment, the thermal
transmitter 220 may further emit energy 104 in the form of far
IR energy, falling anywhere in wavelength spectrum from 15
pm to 1 (one) millimeter (mm).

[0121] Inanembodiment implementing a cooling element,
as noted above in FIG. 1, a reduction in temperature of tissue
at the target site 106 may be accomplished by a cooling
element or elements (not shown) comprising a cooling ele-
ment affixed to the distal end of the thermal transmitter 220.
The cooling element may comprise a refrigerant- or water-
cooled element that may be in contact with the skin at the
target site 106. A supply for the cooling element may be
situated external to the device 200, with a link 250 configured
to supply a circulating coolant through the portion of the
thermal transmitter 220 in contact with the tissue at the target
site 106. Various illustrations of such an embodiment are
depicted in FIG. 7A-FIG. 7T. As noted previously, the cooling
elements may provide cooling of the tissue for lipolysis/
adipolysis or for topical skin cooling at the target site 106,
reducing the potential for superficial burns from the energy
104.

[0122] FIG. 3 shows another view of device 200, with the
thermal display 260 is illustratively shown deployed, provid-
ing a gradient map 210 showing the thermal gradient of a
body part (for example, the target site 106) treated by the
thermal treatment device 200. Though FIG. 2 shows the ther-
mal treatment device 200 used on the abdomen of a patient, it
should be appreciated that the thermal treatment device 200
may be used on other body parts as needed, such as the face,
legs, neck, and arms.
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[0123] Thethermal treatment device 200 may both transmit
thermal energy as RF emissions 104 to the target site 106 as
well as map the thermal readings sensed by the thermal
imager 240 at the target site 106. Thus, the operator 201 is
able to manually adjust the application of RF energy 104
along the target site 106 so as to achieve a desired tempera-
ture. In some embodiments, to accomplish a desired routine,
the temperature across the target site 106 may need to be
substantially uniform. The thermal imagery and feedback to
the user may enable a substantially uniform distribution of RF
energy 104 and heat across the target site 106.

[0124] In an embodiment, the thermal imager 240 may
provide thermal readings at multiple levels beneath the sur-
face of the skin, displayable on the thermal display 260. By
manipulating the user interface 228, the user may display one
or more of the various readings, from, for example the tem-
perature of the top surface of the skin (epidermis) may be
provided, or the temperature of a predetermined depth of the
body part at the target site 106 may be provided. Accordingly,
the user is given real-time feedback with regard to achieving
a desired temperature for a process such as lipid burning,
while maintaining awareness of the temperature of the target
site and considering the patient’s 102 comfort level and the
risk of burns.

[0125] The housing 202 may further include a grip portion
214 configured to be gripped for one-handed operation. An
end portion of the housing 202 may be adapted to secure the
thermal transmitter 220 as shown. The thermal display 260 is
shown mounted to a top surface of the housing 202. In an
embodiment, the thermal display 260 may be constructed on
a hinge mount, allowing it to deploy or fold in the direction
208 (FIG. 2) or pivot about a vertical axis (not shown).
[0126] The device 200 may further comprise an actuator
216. The actuator 216 may be a button or a switch operation-
ally coupled to the controller 226 and configured to actuate
both the thermal imager 240 and thermal transmitter 220. The
thermal imager 240 and thermal transmitter 220 may be actu-
ated simultaneously. In another embodiment, the device 200
may include individual actuators 216 (not shown), each con-
figured to actuate the thermal imager 240 or thermal trans-
mitter 220.

[0127] Inanembodiment, the thermal transmitter 220 may
comprise a variable actuator 217 allowing manual adjustment
or tuning of the RF energy 104 transmitted by the thermal
transmitter 220. The variable actuator 217 may adjust the
frequency, wavelength, power, phase, and/or amplitude ofthe
emitted RF energy 104. The functions of the variable actuator
217 may be further augmented by other portions of the user
interface 228, depicted in FIG. 3 as the variable actuator 217
and a series of buttons 219. The actuators 216 may also be
considered part of the user interface 228. While the thermal
transmitter 220 is illustratively described herein as an RF
emitter, certain embodiments of device 200 may be adapted to
emit thermal energy in other forms such as laser, ultrasound,
or the like.

[0128] The thermal treatment device 200 may further com-
prise a plurality oftips 230 applied over the thermal transmit-
ter 220. Each thermal tip 230 may be predesigned and opti-
mized for applying a specific type and amount of energy to a
specific depth of skin. In an embodiment, each tip 230 is
configured to apply thermal energy at a predetermined depth
from the top layer of a patient’s skin (shown in FIG. 2). As a
non-limiting example, tip 230a may provide thermal treat-
ment at a depth of 4,000 microns (or micrometers (um))
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beneath the top surface (epidermis) of the skin, whereas tip
2305 may be configured to provide thermal treatment at 6,000
um beneath the top surface of the skin, and tip 230¢ may be
configured to provide thermal treatment at 10,000 um beneath
the top surface of the skin. Each tip 230 may direct the energy
at a specific pattern, frequency, wavelength, or magnitude for
proper application of heating energy to the skin. In an
embodiment, the device 200 may comprise the tips 230 may
operate in lieu of the actuators 216, 217. In an embodiment,
the tips 230 may operate in conjunction with the actuators
216, 217, providing some degree of adjustment within the
design specifications of the tips 230a.

[0129] In an embodiment, the thermal imager 240 is con-
figured to provide a high-resolution thermal reading of an
application area along multiple depths beneath the skin. The
thermal imager 24 transmits its readings, or images, to the a
processor 222 (FIG. 2) and to the thermal display 260 to
provide the user with a visual representation of the heating
energy absorbed by the skin, both at the target site 106 in
addition to the surrounding area.

[0130] The device 200 is illustratively shown having tip
2305 installed, so as to administer heat at a depth of 6,000 um
underneath the surface of the skin. It should be appreciated,
that the delivery of heat at that depth may also administer heat
at the layers between the top surface of the skin and the
optimized depth. Further, it should be appreciated that the
application of RF energy 104 and heat may depend upon the
physical characteristics of the body part (for example, target
site 106) being treated. As a non-limiting example, a subcu-
taneous area covered by a scar or a birthmark may take longer
to reach an optimal temperature as the energy 104 may be
absorbed by the scar or birthmark instead of the skin beneath.
Accordingly, the patient 102 may feel discomfort at the site of
the birthmark, prior to achieving a desired temperature at the
subcutaneous level.

[0131] As the device 200 is actuated, the thermal transmit-
ter 220 may apply energy 104 and heat to the target site 106
which is simultaneously sensed by the thermal imager 240
and mapped to the thermal display 260. The gradient map 210
may be configured to show an absolute temperature of the
skin (target site 106) at different levels beneath the surface. In
an embodiment, one display setting may depict the tempera-
ture of the surface of the skin on the thermal display 260, and
in another setting, the temperature at the targeted depth of the
body part may be provided on the thermal display 260.
[0132] For illustrative purposes, assume that the operator
201 (FIG. 2) has selected a routine for controlling the actua-
tion of the thermal treatment device 200 as applied to the
target site, for example, the abdomen as shown in FIG. 1 and
FIG. 2. The processor 222 may execute a program to vary the
reading of the thermal imager 240 at a depth of 6,000 um and
at the surface of the abdomen. For illustrative purposes, 6,000
um below the surface of the skin may be the location where
most lipids are found on the patient 102. The tip 2305 is
selected to provide heat treatment at 6,000 pm below the
surface of the skin. Accordingly the thermal display 260 is
activated and will provide a thermal image of both the top
layer of the skin at the target site 106 as well as the targeted
depth (6,000 um) of heat application. The user may monitor
the results of the heat treatment on the thermal display 260,
and may manually adjust the output of the thermal transmitter
220 so as to achieve a desired temperature both at the top
surface and subsurface levels. The user may also manually
direct the thermal treatment device 200 so as to deliver energy
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104 and heat to areas that have no yet reached the desired
temperature at the subcutaneous level, while simultaneously
keeping heat from being administered at certain top surfaces
of the abdomen.

[0133] In another embodiment, the processor 222 may
gather thermal readings from the thermal imager 240 to auto-
matically control the transmission of the thermal transmitter
220 so asto achieve a desired temperature at the subcutaneous
level while preventing discomfort to the patient at the topical
level.

[0134] FIG. 4 shows a diagram of the gradient map 210
(FIG. 3) displaying thermal gradients resulting from data
collected by the thermal imager 240, 140. As noted above, the
gradient map 210 may provide a user timely and precise
feedback regarding the application of energy 104 to the target
site 106. In an embodiment, the gradient may be color-coded.
For purposes of this discussion, the range of temperatures less
than 40° C. may be colored green 420, areas from 40° C.-42°
C. are colored yellow 415, areas from 41° C.-42° C. are
colored orange, and areas from 42° C.-44° C. and higher may
be colored red. The gradient map 210 may further have a
gradient key 425 indicating the temperatures as represented
by the colors in the gradient. The gradient map 210 is intended
to provide a visual indication of what areas within the target
site 106 have achieved the optimum temperature according to
a selected routine, and those that are not, such that the user
201 may adjust the energy 104 as needed. It is to be appreci-
ated that each of the colors may be selected based on user 201
(FIG. 2) and device 200 requirements. It should also be appre-
ciated that the specific scale shown in FIG. 4 is a non-limiting
example of temperature ranges. The scale colors and values
may be adjusted as desired.

[0135] Accordingly, asthe user 201 is able to see by a visual
indication of the heat gradient of the desired body part or
target site 106, the user 201 can move the thermal transmitter
220 to the part of the body corresponding to the appropriate
colors depicted in the gradient map 210. As non-limiting
example, the user 201 or clinician may concentrate energy
104 on certain yellow parts of the gradient map 210 until that
body part (for example, the target site) turns orange on the
thermal display 260 and may decrease the energy 104 in a
treated area in the event that it turns red.

[0136] Inanembodiment, the colors are not limited to four
distinct colors but to a constant spectrum from purple or
black, for example, designating a cold (for example, below
37° C.) region through the visible light spectrum to red (for
example, hot). Accordingly, a central color such as orange (as
shown) or green may be selected as the color representing an
“optimum” temperature for the selected routine.

[0137] Inanother embodiment, the absolute temperature of
the target site 106 may further be displayed on the gradient
map, as shown, in addition to the depth reading 430. In
another embodiment, a different gradient map 210 may be
selected and displayed for a given skin depth 430.

[0138] FIG. 5 depicts a selection screen 400 that may be
displayed on the user interfaces 170, 228, showing several
possible user-selectable routines 440a-440e that may be cho-
sen via the user interface 228. As shown, routine 440a may be
selected for a fat burning process on the abdomen requiring a
first energy 104 frequency (and wavelength) and depth set-
ting. Routine 4405 may be a fat burning process on the face
possible requiring a less powerful routine than routine 440a.
Routine 440¢ for wrinkle removal and skin tightening on the
face and jaws or routine 4404 for wrinkle removal around the
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eyes may require a lower setting still for a different amount of
time. Routine 440e¢ may be directed to a program or routine
configured to address the areas that are heated to a lesser
degree than others (“-less”). In the routine 440e, the user 201
may be directed to apply RF energy 104 to equalize the
temperature applied across the target site 106 in a uniform
manner. Advantageously, this may lead to an increase in the
uniformity of skin heating across the target site 106 and
reduction of heat “cavitation,” leading to irregularities and
inconsistent results. “Cavitation” as used here refers to
irregular, or non-uniform heating.

[0139] FIG. 6 shows a flowchart depicting a method 600 for
providing feedback in a thermal treatment device according
to the disclosure. In an embodiment, the method 600 begins
with block 602 where a target site 106 on the patient 102 is
provided. In an embodiment, the target site 106 may be an
area on the abdomen where the patient 102 desires to reduce
the amount of fat present. Alternatively, the target site may be
a more sensitive area (such as the eyes) where the patient 102
desires a skin tightening procedure.

[0140] Atblock 604, a clinician 201 may position the ther-
mal transmitter 120, 220, and direct it toward the target site
106. At block 606, the clinician 201 may select and initiate a
desired thermal treatment routine. Once the thermal treat-
ment routine has been initiated, at block 608 the thermal
transmitter 120, 220 may apply RF energy 104 to the target
site 106.

[0141] Inanembodiment, at block 609, the thermal imager
140, 240 may capture thermal images of the target site 106 as
RF energy 104 is absorbed by the tissue at the target site 106
and display the thermal images on the thermal display 160,
260. The thermal imager 140, 240 may make use of germa-
nium lenses or other thermal detection technologies for the
detection and capture of thermal images of the target site 106.
In certain embodiments, forward-looking infrared technol-
ogy (FLIR) and CCD (charge-coupled device) cameras
capable of capturing thermal images may also be imple-
mented for such a purpose. The processor 142, 242 may use
the communications controller 146 to communicate the
images as feedback to the thermal display 160, 260 for pro-
cessing and display on the user interface, 170, 226 at block
610. In certain embodiments, some of the processing may be
carried out locally within the processor 122, 142 at the ther-
mal imager 140, 240. In an embodiment, the processor 162
may, according to the selected routine stored within the data-
base 174, determine that the optimum temperature has been
reached at the target site 106. The optimum temperature may
be at the surface of the skin, below the surface of the skin, or
fall within a range of temperatures according to the routine. If
that optimum temperature is reached, at decision block 614,
the processor 162 may determine whether there is further
tissue within the target site requiring treatment or the process
requires the optimum temperature be maintained for a par-
ticular amount of time. If the routine has completed, then the
method 600 ends at block 616.

[0142] At decision block 614, when the processor 162
determines there are further areas requiring thermal treat-
ment, the controller 162 may command the thermal transmit-
ter 120 to adjust aim at block 618 and move the RF energy 104
to a different location. The controller 162 may further com-
mand the thermal imager 140 to adjust the field of view. In the
event the device 200 is being employed, the processor 222
may determine that the adjustment is required and indicate to
the clinician 201 on the thermal display 260 where to apply
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the RF energy 104 and whether and how much the energy 104
may have to be adjusted in power output and/or frequency/
wavelength. The method 600 may then return to block 608
and apply energy 104 to the target site 106 at block.

[0143] At decision block 612, if the target site 106 is not at
the optimum temperature, the processor 162 may determine if
the temperature is too hot (decision block 620) or too cold
(decision block 622) according to the routine and database
174. If the target site is too hot, the processor 162 may deter-
mine that the aim point of the thermal transmitter 120 needs to
be moved and proceeds to block 618. The method 100 may
then proceed as explained above.

[0144] At decision block 622, if the target site is too cold,
then the processor 162 may indicate that more energy 104 is
required for the routine. In an embodiment, if the clinician is
using device 200, then the thermal imagery displayed on
thermal display 260 may indicate colors and temperatures
indicating a target site 106 that is still too cold, according to
the routine. The routine may then require additional energy
applied to the target site 106, as the method 600 returns to
block 608 and proceeds as noted above.

[0145] FIG. 7A-FIG. 7T are thermal images from a thermal
treatment procedure according to the present disclosure. FI1G.
7A shows a thermal image 710 of a clinician 712 applying RF
energy 104 to a patient 102 with a thermal treatment device
700 (FIG. 7B), similar to that discussed above. The device
700 may be analogous to the device 100 as discussed above.
FIG. 7A shows a thermal image 710 that may be representa-
tive of the thermal information displayed on thermal display
160, 260 for use by the clinician 712 or by the controllers as
feedback to conduct the treatment procedure. The thermal
image 710 depicts the absorption of thermal energy 104 by
the target site 106 with the lighter colors (white) designating
the areas that have been heated. The thermal image 710 may
be further superimposed with the thermal gradient such as in
the gradient map 210. The “measurements” indicated on the
figures corresponds to the temperature of the target site with
in the box, “Arl,” designating target “area” one. Subsequent
figures depict multiple “Ar’s” (for example, Arl, Ar2, Ar3)
that may be used to indicate various ranges within the gradi-
ent map 210. In some figures, an “El1”” may be utilized for the
same purpose, The various features of the gradient map 210
depicted in FI1G. 4 may be further added to the thermal image
710 to provide further information and feedback to the clini-
cian 712.

[0146] Asshown inthe subsequentimages in FIG. 7B-FIG.
7T, the clinician 712 may move the device 700 in various
locations to complete the procedure or routine 440 as dis-
cussed herein. The thermal images 710 and constant feedback
from the application of the energy 104 to the patient 102 may
optimize the procedures by providing the clinician 712 with a
visual and qualitative representation of where energy 104 has
been applied and where it has not. The “measurements”
depicted in the thermal images 710 of FIG. 7A-FIG. 7T
further provide a quantitative indication of the skin heating
allowing the clinician 712 to more accurately and efficiently
direct the thermal treatment. The “Max,” “Min,” and “Aver-
age” notations in the “Measurements” box refer to the relative
temperatures within the designated area Arl, as shown, for
example, in FIG. 7A. FIG. 7G depicts multiple areas Ar1-Ar3
and the associated temperatures. An area El1, shown in FIG.
7B depicts a similar range of temperatures, indicating to the
clinician 712 various temperature measurements at the target
site 106.



US 2014/0303608 Al

[0147] FIG. 8 depicts a functional block diagram of an
embodiment according the disclosure, referred to as a thermal
treatment device 800. The device 800 comprises a means for
selecting a thermal heating routine 802. The means for select-
ing a heating routine may be configured to allow a user 201 to
select a specific target site 106 around the abdomen or other
area as required. The routine may provide details as to how
much thermal energy is required at the target site 106 and how
to adjust the application of the energy 104 in response to
feedback from a means for sensing the thermal emittance
(discussed below).

[0148] Themeans for selecting the selecting a thermal heat-
ing routine 802 is operationally coupled to means for heating
a target site 804, according to the selected routine 440. The
means for heating a target site 804 may further direct energy
104 to the target site 106 according to user 201 input.
[0149] The device 800 may further comprise means for
sensing thermal emittance 806. As energy 104 is absorbed by
the target site 106, the target site 106 will radiate or otherwise
emit IR energy that may be captured by the means for sensing
thermal emittance 806. The means for sensing thermal emit-
tance 806 may then feed the associated thermal information
back as thermals images and specific temperatures at selected
skin depths to a means for providing feedback to a user 808.
The means for providing feedback to a user 808 may com-
prise a display, as noted above, depicting a gradient map
indicating the portions of the target site 106 that have been
heated. The means for providing feedback to a user 808 may
further indicate portions of the target site 106 that require
further application of energy 104, in accordance with the
selected routine 440.

[0150] The device 800 may further comprise means for
adjusting application of thermal energy to the target site 810.
The means for adjusting application of thermal energy 810
may use the feedback provided by the means for providing
feedback 808 to adjust the output of the means for heating a
target site 804 in order to comply with the requirements of the
selected routine 440.

[0151] While this invention has been described in connec-
tion with what are presently considered to be practical
embodiments, it will be appreciated by those skilled in the art
that various modifications and changes may be made without
departing from the scope of the present disclosure. It will also
be appreciated by those of skill in the art that parts mixed with
one embodiment are interchangeable with other embodi-
ments; one or more parts from a depicted embodiment can be
included with other depicted embodiments in any combina-
tion. For example, any of the various components described
herein and/or depicted in the Figures may be combined, inter-
changed, or excluded from other embodiments. With respect
to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the
plural to the singular and/or from the singular to the plural as
is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth
herein for sake of clarity. Thus, while the present disclosure
has described certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the scope of the appended claims, and equivalents
thereof.

[0152] Embodiments of the present disclosure are
described above and below with reference to flowchart illus-

Oct. 9,2014

trations of methods, apparatus, and computer program prod-
ucts. It will be understood that each block of the flowchart
illustrations, and combinations of blocks in the flowchart
illustrations, can be implemented by execution of computer
program instructions. These computer program instructions
may be loaded onto a computer or other programmable data
processing apparatus (such as a controller, microcontroller,
microprocessor or the like) in a sensor electronics system to
produce a machine, such that the instructions which execute
on the computer or other programmable data processing
apparatus create instructions for implementing the functions
specified in the flowchart block or blocks. These computer
program instructions may also be stored in a computer-read-
able memory that can direct a computer or other program-
mable data processing apparatus to function in a particular
manner, such that the instructions stored in the computer-
readable memory produce an article of manufacture includ-
ing instructions which implement the function specified in the
flowchart block or blocks. The computer program instruc-
tions may also be loaded onto a computer or other program-
mable data processing apparatus to cause a series of opera-
tional steps to be performed on the computer or other
programmable apparatus to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide steps for
implementing the functions specified in the flowchart block
or blocks presented herein.

[0153] It should be appreciated that all methods and pro-
cesses disclosed herein may be used in any thermal treatment
system. It should further be appreciated that the implementa-
tion and/or execution of all methods and processes may be
performed by any suitable devices or systems, whether local
or remote. Further, any combination of devices or systems
may be used to implement the present methods and processes.
[0154] While the disclosure has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive. The disclosure is not
limited to the disclosed embodiments. Variations to the dis-
closed embodiments can be understood and effected by those
skilled in the art in practicing the claimed disclosure, from a
study of the drawings, the disclosure, and the appended
claims.

[0155] All references cited herein are incorporated herein
by reference in their entirety. To the extent publications and
patents or patent applications incorporated by reference con-
tradict the disclosure contained in the specification, the speci-
fication is intended to supersede and/or take precedence over
any such contradictory material.

[0156] Unless otherwise defined, all terms (including tech-
nical and scientific terms) are to be given their ordinary and
customary meaning to a person of ordinary skill in the art, and
are not to be limited to a special or customized meaning
unless expressly so defined herein. It should be noted that the
use of particular terminology when describing certain fea-
tures or aspects of the disclosure should not be taken to imply
that the terminology is being re-defined herein to be restricted
to include any specific characteristics of the features or
aspects of the disclosure with which that terminology is asso-
ciated. Terms and phrases used in this application, and varia-
tions thereof, especially in the appended claims, unless oth-
erwise expressly stated, should be construed as open ended as
opposed to limiting. As examples of the foregoing, the term
‘including’ should be read to mean ‘including, without limi-
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tation,” ‘including but not limited to,” or the like; the term
‘comprising’ as used herein is synonymous with ‘including,’
‘containing,’ or ‘characterized by,” and is inclusive or open-
ended and does not exclude additional, unrecited elements or
method steps; the term ‘having’ should be interpreted as ‘hav-
ing at least;” the term ‘includes’ should be interpreted as
‘includes but is not limited to;” the term ‘example’ is used to
provide exemplary instances of the item in discussion, not an
exhaustive or limiting list thereof; adjectives such as “known’,
‘normal’, ‘standard’, and terms of similar meaning should not
be construed as limiting the item described to a given time
period or to an item available as of a given time, but instead
should be read to encompass known, normal, or standard
technologies that may be available or known now or at any
time in the future; and use of terms like ‘preferably,” “pre-
ferred,” “desired,’ or ‘desirable,” and words of similar meaning
should not be understood as implying that certain features are
critical, essential, or even important to the structure or func-
tion of the invention, but instead as merely intended to high-
light alternative or additional features that may or may not be
utilized in a particular embodiment of the invention. Like-
wise, a group of items linked with the conjunction ‘and’
should not be read as requiring that each and every one of
those items be present in the grouping, but rather should be
read as ‘and/or’ unless expressly stated otherwise. Similarly,
agroup of items linked with the conjunction ‘or’ should not be
read as requiring mutual exclusivity among that group, but
rather should be read as ‘and/or’ unless expressly stated oth-
erwise.

[0157] Where arange of values is provided, it is understood
that the upper and lower limit, and each intervening value
between the upper and lower limit of the range is encom-
passed within the embodiments.

[0158] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity. The indefinite
article “a” or “an” does not exclude a plurality. A single
processor or other unit may fulfill the functions of several
items recited in the claims. The mere fact that certain mea-
sures are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot be
used to advantage. Any reference signs in the claims should
not be construed as limiting the scope.

[0159] It will be further understood by those within the art
that if a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the claim,
and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following
appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to embodi-
ments containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”
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or “at least one” and indefinite articles such as “a” or “an”
(e.g., “a” and/or “an” should typically be interpreted to mean
“at least one” or “one or more”); the same holds true for the
use of definite articles used to introduce claim recitations. In

addition, even if a specific number of an introduced claim
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recitation is explicitly recited, those skilled in the art will
recognize that such recitation should typically be interpreted
to mean at least the recited number (e.g., the bare recitation of
“two recitations,” without other modifiers, typically means at
least two recitations, or two or more recitations). Further-
more, in those instances where a convention analogous to “at
least one of A, B, and C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art
would understand the convention (e.g., “a system having at
least one of A, B, and C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B together,
A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analo-
gous to “at least one of A, B, or C, etc.”” is used, in general such
a construction is intended in the sense one having skill in the
art would understand the convention (e.g., “a system having
at least one of A, B, or C” would include but not be limited to
systems that have A alone, B alone, C alone, A and B together,
A and C together, B and C together, and/or A, B, and C
together, etc.). It will be further understood by those within
the art that virtually any disjunctive word and/or phrase pre-
senting two or more alternative terms, whether in the descrip-
tion, claims, or drawings, should be understood to contem-
plate the possibilities of including one of the terms, either of
the terms, or both terms. For example, the phrase “A or B” will
be understood to include the possibilities of “A” or “B” or “A
and B”

[0160] All numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification are
to beunderstood as being modified in all instances by the term
‘about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth herein are approximations that
may vary depending upon the desired properties sought to be
obtained. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of any
claims in any application claiming priority to the present
application, each numerical parameter should be construed in
light of the number of significant digits and ordinary rounding
approaches.

[0161] Furthermore, although the foregoing has been
described in some detail by way of illustrations and examples
for purposes of clarity and understanding, it is apparent to
those skilled in the art that certain changes and modifications
may be practiced. Therefore, the description and examples
should not be construed as limiting the scope of the invention
to the specific embodiments and examples described herein,
but rather to also cover all modification and alternatives com-
ing with the true scope and spirit of the invention.

What is claimed is:

1. A thermal treatment system, comprising:

a thermal transmitter configured to apply an amount of
thermal energy to a target site, the thermal energy having
a selected frequency or wavelength, a selected power
level, and a direction;

a thermal imager configured to capture thermal data and
thermal images of the target site; and

a thermal display configured to display the thermal data
and the thermal images.

2. The system of claim 1, further comprising:

a user interface allowing a selection of a routine for the
application of thermal treatment to the target site, the
routine comprising instructions for the application ofthe
thermal energy;
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at least one processor configured to process the thermal
images and thermal data according to the selected rou-
tine; and

a controller configured to indicate on the display a required
adjustment to the selected frequency or wavelength and
the selected power level of the thermal transmitter, or
command an adjustment to the selected frequency or
wavelength and the selected power level of the thermal
transmitter, based on the thermal data and the thermal
images, according to the selected routine.

3. The system of claim 1 further comprising:

a radio frequency transmitter configured to transmit the
thermal energy to the target site at a depth below the
surface of the skin; and

amechanical drive configured to receive commands from a
controller to adjust the direction of the applied thermal
energy.

4. The system of claim 1 further comprising:

an infrared transmitter configured to transmit the thermal
energy to the target site at a depth below the surface of
the skin; and

amechanical drive configured to receive commands from a
controller to adjust the direction of the applied thermal
energy.

5. The system of claim 1 further comprising a memory
configured to store information related to the execution of the
selected routine, accessible by the processor, the thermal
transmitter, and the thermal imager, the memory further com-
prising at least one database for storing a plurality of routines.

6. The system of claim 1 further comprising a wireless
communication link operationally connecting the thermal
transmitter, the thermal imager, and the thermal display.

7. The system of claim 1, the display configured to display
the thermal images and a gradient map, the gradient map
configured to depict a plurality of temperatures of the tissue at
the target site, at a selected depth below the surface of the
skin.

8. The system of claim 1, the thermal imager configured to
provide thermal data at a position in the tissue anywhere in the
range from the surface of the skin to 15,000 micrometers
below the surface of the skin.

9. The system of claim 1, the thermal transmitter further
configured to transmit thermal energy to a selected depth
anywhere in the range of zero to 15,000 micrometers below
the surface of the skin at the target site.

10. The system of claim 1, the thermal transmitter further
configured to heat the tissue beneath the target site to a tem-
perature anywhere in the range from 35 degrees Celsius to 50
degrees Celsius.

11. The system of claim 1, wherein the thermal transmitter,
the thermal imager, and the thermal display are configured in
a unitary handheld unit.

12. The system of claim 11, the unitary handheld unit
comprising a link powering the unitary handheld unit, the link
further configured to provide communication with at least
one external processor.

13. The system of claim 1, wherein the thermal transmitter
may further be configured to cryogenically cool the tissue at
the target site to a temperature range anywhere from 10
degrees Celsius to negative 20 degrees Celsius.

14. The system of claim 1, wherein the thermal display is
configured to display at least one of the thermal images, the
thermal data, and the gradient map, the gradient map indicat-

Oct. 9,2014

ing graphical depiction of the temperatures of the tissue at the
target site at the selected depth.

15. A method for applying thermal treatment, comprising:

providing a target site on a patient, the target site compris-

ing tissue having certain characteristics;

positioning a thermal transmitter, the thermal transmitter

configured to transmit thermal energy toward the target
site;

applying the thermal energy to the target site according to

athermal treatment routine, the thermal energy having a
selected frequency or wavelength, a selected power
level, and a direction;

capturing thermal data and thermal images of the target site

with a thermal imager, the thermal data and thermal
images corresponding to a tissue temperature at the tar-
get site; and

displaying the thermal data and the thermal image of the

target site on a thermal display.

16. The method of claim 15, further comprising:

selecting the thermal treatment routine according to the

characteristics;

monitoring the thermal images and the thermal data for an

optimum tissue temperature; and

adjusting the selected frequency or wavelength, the

selected power level, or the direction, according to the
monitoring and the selected routine.

17. The method of claim 15, further comprising applying
the thermal energy to the tissue at the target site at a selected
depth anywhere in the range of zero to 15,000 micrometers
below the surface of the skin at the target site.

18. The method of claim 15, further comprising storing
information related to the execution of the selected routine in
a memory accessible by the processor, the thermal transmit-
ter, and the thermal imager, the memory further comprising at
least one database for storing a plurality of routines.

19. The method of claim 15, further comprising:

wirelessly communicating the thermal data and the thermal

images from the thermal imager to the thermal display;
and

wirelessly communicating a plurality of control signals

from a controller to the thermal transmitter and the ther-
mal imager.

20. The method of claim 15, further comprising displaying
the thermal data and the thermal images on a gradient map,
the gradient map configured to depict a plurality of tempera-
tures of the tissue at the target site the a selected depth beneath
the surface of the skin.

21. The method of claim 15, the thermal imager configured
to provide thermal data at a position within the tissue any-
where in a range from a surface of the skin to 15,000
micrometers below the surface of the skin.

22. The method of claim 15, the thermal transmitter being
configured to transmit thermal energy to a selected depth
anywhere in a range from a surface of the skin to 15,000
micrometers below the surface of the skin at the target site.

23. The method of claim 15, the thermal transmitter further
configured to heat the tissue at the target site to a temperature
anywhere in a range of from 35 degrees Celsius to 50 degrees
Celsius.

24. The method of claim 15, the thermal transmitter further
configured to cryogenically cool the tissue at the target site to
atemperature anywhere in a range of from 10 degrees Celsius
to negative 20 degrees Celsius.
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25. The method of claim 15, wherein the thermal display is
configured to display at least one of the thermal images, the
thermal data, and the gradient map, the gradient map indicat-
ing graphical depiction of the temperatures of the tissue at the
target site at the selected depth.

26. An apparatus for thermal treatment comprising:

means for selecting a thermal heating routine;

means for heating a target site;

means for sensing thermal emittance of the target site;

means for providing feedback to a user; and

means for adjusting the application of the thermal energy

according to the feedback and the thermal heating rou-
tine.

27. A non-transitory, computer readable medium that when
executed by a processor is configured to:

position a thermal transmitter, the thermal transmitter con-

figured to transmit thermal energy toward a selected
target site on a patient;

apply the thermal energy to the target site according to a

thermal treatment routine, the thermal energy having a
selected frequency, a selected power level, and a direc-
tion;

capture thermal data and thermal images of the target site

with a thermal imager, the thermal data and thermal
images corresponding to a skin temperature at the target
site;

display the thermal data and the thermal image of the target

site on a thermal display; and

adjust at least one of the selected frequency, the selected

power level, and the direction, according the thermal
treatment routine.
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