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HEATING SYSTEMS AND METHODS FOR
HEATING A BREAST SUPPORT PLATFORM

Cross-Reference to Related Applications
[0001] This application is being filed on 20 September 2019, as a PCT International
patent application, and claims the benefit of and priority to U.S. Provisional Application
No. 62/734,748, filed September 21, 2018, which is hereby incorporated by reference
herein in its entirety.

Background

[0002] Compression during mammography and tomosynthesis imaging serves a number
of purposes. For example, it: (1) makes the breast thinner in the direction of x-ray flux and
thereby reduces patient radiation exposure from the level required to image the thicker
parts of a breast that are not compressed; (2) makes the breast more uniform in thickness
in the direction of x-ray flux and thereby facilitates more uniform exposure at the image
plane over the entire breast image; (3) immobilizes the breast during the x-ray exposure
and thereby reduces image blurring; and (4) brings breast tissues out from the chest wall
into the imaging exposure field and thus allows for more tissue imaging. As the breast is
being compressed, typically a technologist manipulates the breast to position it
appropriately and counter the tendency that compression has of pushing breast tissue
toward the chest wall and out of the image field.
[0003] Standard compression methods for mammography and tomosynthesis use a
movable, rigid, radiolucent compression paddle. The breast is placed in an imaging area
on a breast support platform that typically is flat, and the paddle then compresses the
breast, usually while a technologist or other health professional is holding the breast in
place. The technologist may also manipulate the breast to ensure proper tissue coverage in
the image receptor’'s field of view.
[0004] One known challenge in mammography and breast tomosynthesis is the discomfort
the patient may feel when the breast is compressed, which must be done with sufficient
force to immobilize the breast and spread out the breast tissues for x-ray imaging.
Discomfort may potentially cause the patient to move, which negatively impacts image
quality. Discomfort may also potentially dissuade patients from getting screened for breast
cancer. Some known discomfort may occur from the temperature of the breast
compression system. Generally, the imaging systems are disposed within a relatively cold

room for imaging system performance. As such, during breast compression, the
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compression system, including, the support platform and the paddle, are often perceived
by the patient as cold, especially to the sensitive skin of a breast.
[0004A] Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is not to be taken as an admission that any or
all of these matters form part of the prior art base or were common general knowledge in
the field relevant to the present disclosure as it existed before the priority date of each of
the appended claims.

Summary
[0005] In one aspect, the technology relates to a breast support platform for an x-ray
imaging system, the support platform including: a housing including a compression plate
and a front wall; and a heating system disposed at least partially within the housing and
configured to heat at least a portion of the compression plate, at least a portion of the front
wall, or at least a portion of the compression plate and the front wall.
[0006] In an example, the heating system includes a transparent conducting film coupled
to an inner surface of the housing. In another example, the transparent conducting film
includes a resistivity of between 14 and 24 ohm/square. In still another example, the
heating system further includes a power source configured to produce approximately 24
volts at approximately 50 watts. In yet another example, a transfer adhesive secures the
transparent conducting film to the inner surface. In an example, the transfer adhesive is
substantially devoid of dust and/or air bubbles.
[0007] In another example, an imaging area is defined on the compression plate, and the
heating system further includes one or more electrical contact points disposed on the
transparent conducting film and outside of the imaging area. In still another example, the
housing further includes two sidewalls substantially orthogonal to both the compression
plate and the front wall, and the one or more electrical contact points are disposed
proximate the sidewalls. In yet another example, the transparent conducting film is
positioned between the inner surface of the housing and the one or more electrical contact
points. In an example, the one or more electrical contact points are at least partially
encapsulated by the transparent conducting film. In another example, the inner surface is
proximate to at least a portion of the compression plate, at least a portion of the front wall,
or at least a portion of the compression plate and the front wall.
[0008] In still another example, a recess is defined at least partially within the inner
surface of the front wall, and the transparent conducting film is disposed at least partially

within the recess. In yet another example, the transparent conducting film is adjacent to at



17 Feb 2025

2019343999

10

15

20

25

30

least a portion of the compression plate and the front wall. In an example, the transparent
conducting film is configured to heat the compression plate independently from the front
wall. In another example, the heating system includes a conductor element embedded
within the housing. In still another example, the conductor element is a carbon fiber based
material.

[0009] In yet another example, the heating system further includes one or more electrical
contact point in direct electrical contact with the conductor element. In an example, the
compression plate includes the conductor element. In another example, the heating system
includes a blower disposed at least partially within the housing, and the blower is
configured to channel hot air across an inner surface of the housing. In still another
example, the heat system further includes a heating element proximate the blower. In yet
another example, the heat system further includes a baffle proximate the blower.

[0010] In an example, the heating system further includes a temperature sensor, and the
heat generated by the heating system is at least partially based on the temperature
measured by the temperature sensor. In another example, the temperature sensor includes
one or more thermocouples. In still another example, the temperature sensor is disposed
proximate the compression plate and opposite of the front wall. In yet another example,
the heating system is entirely enclosed within the housing.

[0011] In another aspect, the technology relates to a method of heating a breast support
platform of an x-ray imaging system, the method including: generating heat through a
heating system disposed at least partially within a housing of the breast support platform,
wherein the housing includes a compression plate and a front wall; and channeling the
heat generated towards at least a portion of the compression plate, at least a portion of the
front wall, or at least a portion of the compression plate and the front wall.

[0012] In an example, generating heat includes inducing an electric current flow across a
transparent conducting film coupled to an inner surface of the housing. In another
example, the transparent conducting film is adjacent to at least a portion of the
compression plate and the front wall, and inducing the electric current flow includes
independently controlling the current applied to the transparent conducting film at the
compression plate and the current applied to the transparent conducting film at the front
wall. In still another example, generating heat includes inducing an electric current flow
directly across the compression plate. In yet another example, generating heat includes
heating a flow of air and blowing the hot air across an inner surface of the housing. In an

example, the method further includes measuring a temperature of the support platform. In
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another example, the heat generated by the heating system is at least partially based on the
temperature measured by the temperature sensor.

[0013] In another aspect, the technology relates to a compression system for an x-ray
imaging system, the compression system including: a support arm; a breast support
platform coupled to the support arm and including a compression surface and a rear
portion; and a heating system disposed at least partially within the support arm and
configured channel a flow of air across the compression surface, wherein the heating
system includes an outlet that is proximate the rear portion and oriented in a substantially
downwards direction relative to the compression surface.

[0014] In an example, the rear portion extends upward from the compression surface and
includes a curved section. In another example, the support arm includes at least one inlet.
[0015] In another aspect, the technology relates to a compression paddle for an x-ray
imaging system, the compression paddle including: a compression plate; a front wall; and
a heating system configured to heat at least a portion of the compression plate, at least a
portion of the front wall, or at least a portion of the compression plate and the front wall.
[0016] In an example, the heating system includes a transparent conducting film. In
another example, a transfer adhesive secures the transparent conducting film to the
compression plate. In still another example, the one or more electrical contact points are at
least partially encapsulated by the transparent conducting film.

[0017] In another aspect, the technology relates to a method of immobilizing a patient’s
breast on an x-ray imaging system, the method including: heating at least a portion of a
compression surface of one of a support platform and a compression paddle to a first
temperature, wherein a compression surface of the other one of the support platform and
the compression paddle is at a second temperature; positioning the patient’s breast on the
compression surface of the support platform; and moving the compression surface of the
compression paddle towards the support platform so as to compress the patient’s breast
between the two compression surfaces.

[0018] In an example, the method further includes heating at least a portion of the
compression surface of the other one of the support platform and the compression paddle
to the second temperature. In another example, the first temperature is different than the
second temperature. In still another example, the temperature difference is at least 5° C. In
yet another example, the method further includes imaging the compressed breast in at least

one of a mammography mode, a tomosynthesis mode, and a CT mode.
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[0018A] In another aspect, the technology relates to a breast support platform for an x-ray
imaging system, the support platform including: a housing including a compression plate
and a front wall; and a heating system disposed at least partially within the housing and
configured to heat at least a portion of the compression plate, at least a portion of the front
wall, or at least a portion of the compression plate and the front wall, wherein the heating
system includes a transparent conducting film coupled to an inner surface of the housing.
[0018B] In another aspect, the technology relates to a method of heating a breast support
platform of an x-ray imaging system, the method including: generating heat through a
heating system disposed at least partially within a housing of the breast support platform,
wherein the housing includes a compression plate and a front wall, and channeling the heat
generated towards at least a portion of the compression plate, at least a portion of the front
wall, or at least a portion of the compression plate and the front wall, wherein generating
heat includes inducing an electric current flow across a transparent conducting film
coupled to an inner surface of the housing.
[0018C] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

Brief Description of the Drawings
[0019] FIG. 1A is a schematic view of an exemplary imaging system.
[0020] FIG. 1B is a perspective view of the imaging system of FIG. 1A.
[0021] FIG. 2A is a perspective view of an exemplary breast support platform.
[0022] FIG. 2B is a top view of a compression surface of the breast support platform
shown in FIG. 2A.
[0023] FIG. 3 is a schematic view of an exemplary heating system.
[0024] FIG. 4 is a cross section view of the heating system.
[0025] FIG. 5 is a schematic view of another heating system.
[0026] FIG. 6 depicts a flowchart illustrating a method of heating a breast support
platform of an x-ray imaging system.
[0027] FIG. 7A is a perspective view of another heating system.
[0028] FIG. 7B is a perspective view of the heating system shown in FIG. 7A with a
portion of a housing removed.
[0029] FIG. 7C is an enlarged perspective view of the heating system shown in FIG. 7A.

[0030] FIG. 8 is a perspective view of an exemplary compression paddle.
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[0031] FIG. 9 depicts a flowchart illustrating a method of immobilizing a patient’s breast
on an x-ray imaging system.

Detailed Description
[0032] The technologies described herein relate to a breast compression and imaging
system that utilizes a heating system disposed at least partially within the support platform
and/or compression platform of a compression system. The heating system is configured
to heat at least a portion of a compression surface so as to reduce patient discomfort and
anxiety during the breast compression and imaging process. By heating at least a portion
of the compression surface, the patient may be less sensitive to the touch of the
compression system (as it may be closer to room or body temperature), and thus, reduce
undesirable movement of the patient and increase the efficiency of the technologist
positioning and adjusting the patient’s breast as well as experiential comfort for the
patient.
[0033] In some known heating systems, the heating system is disposed externally from the
support platform and channels (e.g., blows) hot air across the compression surface and
directly on the patient’s breast. These systems, however, can be loud and difficult to
properly position on an imaging system. As to the latter aspect, the channel openings may
allow for accidental infiltration of bodily fluids (e.g., sweat or blood — if biopsies are
performed with the system). Further, such blown-air heating systems may require space
otherwise needed for other system components (e.g., a biopsy device). In other known
heating systems, a heating pad may be positioned on top of the support platform, but these
need to be removed before patient use. In still other known heating systems, the heating
element may undesirably interfere the x-ray receptor because of the heat and/or
electromagnetics. In contrast, the heating systems described herein, are disposed within
the support platform and/or at least partially embedded within a compression plate so that
they can be used during the compression and imaging procedures and do not require
penetration or openings proximate the breast. Additionally, the heating systems require
less space than prior systems. To enable these features, the heating systems described
herein are disposed within the support platform and are constructed so as to not form
undesirable image artifacts. They heating systems are further positioned so as to not
impede the function of the other components within the support platform (e.g., an image
receptor and/or an anti-scatter grid).
[0034] In one aspect, the heating system can include a transparent conducting film that is

adhered to the non-patient contacting side of the compression surface. The transparent
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conducting film receives a flow of electric current such that heat is generated, which then
conducts through the housing and towards the compression surface. Through use of the
transparent conducting film, the compression surfaces may receive heat from a heat source
for patient comfort. Furthermore, the transparent conducting film is radiolucent so that
image artifacts are reduced or eliminated in the x-ray images. Additionally, the transparent
conducing film is relatively thin so that it can fit between the support platform housing
and the image receptor, and does not undesirably affect the profile of the support platform
housing. The thin low profile of the transparent conducing film also reduces or eliminate
interferences with the x-ray receptor (e.g., via temperature and/or electromagnetics). In
other examples, the heating system can be at least partially embedded within the housing
so that the resistive heating element (e.g., the conductor) is the housing itself. For
example, the compression surface may be the conductor element and receives a flow of
electric current.

[0035] In another aspect, the heating system can include a heating element and a blower
disposed within the support platform and/or compression paddle. The heating element
heats a flow of fluid (e.g., air), which is then channeled across the non-patient contacting
side of the compression surface and conducts heat through the housing towards the
compressive surface. The blower and heating element are disposed outside of the imaging
area such that image artifacts are eliminated. Additionally, since the flow of air is
contained on the opposite side of the compression surface(s) no openings are required on
the patient contacting surfaces. In yet another aspect, the heating system can include a
heating element and a blower disposed within the support arm of the support platform and
the compression paddle. The heating element heats a flow of air, and then, a baffle of
directs the heated air across the compression surface of the support platform. By directly
heating the compression surface, the efficiency of the heating system is increased.
Furthermore, the outlet of the baffle is oriented in a downward direction and partially
raised from the compression surface. Accordingly, infiltration of bodily fluids that
accumulate on the compression surface is reduced or eliminated.

[0036] The heating systems described herein are shaped and sized to fit within the support
platform and/or compression paddle such that patient contact therewith is eliminated. As
such, there are no additional components to clean and sterilize after use. In some aspects,
the heating system may include a temperature sensor that measures the temperature of the
compression surface. The temperature sensor enables the operation of the heating system

to be based at least partially on real time temperature measurements, thereby further
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increasing patient comfort. The temperature sensor is also disposed outside of the imaging
area such that image artifacts are reduced and/or eliminated.

[0037] FIG. 1A is a schematic view of an exemplary imaging system 100. FIG. 1B is a
perspective view of the imaging system 100. Referring concurrently to FIGS. 1A and 1B,
the imaging system 100 is configured to immobilize a patient’s breast 102 for x-ray
imaging (one or more of a mammography mode, a tomosynthesis mode, and a computed
tomography (CT) mode) via a breast compression immobilizer unit or compression system
104. In the example, the compression system 104 includes a breast support platform 106
and a moveable compression paddle 108. The breast support platform 106 and the
compression paddle 108 each have a compression surface 110 and 112, respectively, with
the compression surface 112 configured to move towards the support platform 106 to
compress and immobilize the breast 102. In known systems, the compression surfaces
110, 112 are exposed so as to directly contact the breast 102. The support platform 106
also houses an image receptor 114 and, optionally, a tilting mechanism 116. In some
examples, the support platform 106 also houses an anti-scatter grid 117. The compression
system 104 is in a path of an imaging x-ray beam 118 emanating from an x-ray

source 120, such that the beam 118 impinges on the image receptor 114.

[0038] The compression system 104 is supported on a first support arm 122 and the x-ray
source 120 is supported on a second support arm, also referred to as a tube arm 124. For
mammography, support arms 122 and 124 can rotate as a unit about an axis 126 between
different imaging orientations such as cranial-caudal (CC) and mediolateral oblique
(MLO) views, so that the imaging system 100 can take a mammogram projection image at
each orientation. In operation, the image receptor 114 remains in place relative to the
support platform 106 while an image is taken. The immobilizer unit 104 releases the
breast 102 for movement of support arms 122, 124 to a different imaging orientation. For
tomosynthesis, the support arm 122 stays in place, with the breast 102 immobilized and
remaining in place, while at least the tube arm 124 rotates the x-ray source 120 relative to
the immobilizer unit 104 and the compressed breast 102 about the axis 126. The imaging
system 100 takes plural tomosynthesis projection images of the breast 102 at respective
angles of the x-ray beam 118 relative to the breast 102. As such, the compression system
104 and tube arm 124 may be rotated discrete from each other, unless matched rotation is
required or desired for an imaging procedure.

[0039] In some examples, the anti-scatter grid 117 is positioned between the compression

surface 110 and the image receptor 114 and is configured to reduce x-rays scattered by the
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breast tissue from reaching the image receptor 114 during mammography and/or
tomosynthesis x-ray imaging. The anti-scatter grid 117 may include a plurality of septa
formed from a radio-opaque material or a highly x-ray absorbing material, such as lead,
and separated by interspaces that are formed from a radiolucent material or a low-x-ray
attenuating material, such as carbon fiber or aluminum. In operation, the anti-scatter grid
117 moves relative to the image receptor 114 to reduce Moire patterns in the resulting
images. The anti-scatter grid 117 may also retract away from the image receptor 114 as
required or desired.

[0040] Concurrently and optionally, the image receptor 114 may be tilted relative to the
breast support platform 106 and coordinated with the rotation of the second support

arm 124. The tilting can be through the same angle as the rotation of the x-ray source 120,
but may also be through a different angle selected such that the x-ray beam 118 remains
substantially in the same position on the image receptor 114 for each of the plural images.
The tilting can be about an axis 128, which can but need not be in the image plane of the
image receptor 114. The tilting mechanism 116 that is coupled to the image receptor 114
can drive the image receptor 114 in a tilting motion. In some examples, the anti-scatter
grid 117 may be coupled to the image receptor 114 such that the grid 117 tilts with the
receptor 114. In other examples, the anti-scatter grid 117 may not tilt with the image
receptor 114 and be independent therefrom.

[0041] For tomosynthesis imaging and/or CT imaging, the breast support

platform 106 can be horizontal or can be at an angle to the horizontal, e.g., at an
orientation similar to that for conventional MLO imaging in mammography. The imaging
system 100 can be solely a mammography system, solely a CT system, or solely a
tomosynthesis system, or a “combo” system that can perform multiple forms of imaging.
[0042] When the system is operated, the image receptor 114 produces imaging
information in response to illumination by the imaging x-ray beam 118, and supplies it to
an image processor 130 for processing and generating breast x-ray images. A system
control and work station unit 132 including software controls the operation of the system
and interacts with the operator to receive commands and deliver information including
processed-ray images.

[0043] One challenge with the imaging system 100 is how to efficiently immobilize and
compress the breast 102 for the desired or required imaging. A health professional,
typically an x-ray technologist, generally positions and adjusts the breast 102 between the

support platform 106 and the compression paddle 108 while pulling tissue towards the
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imaging area to immobilize the breast 102 and keep it in place, with as much of the breast
tissue as practicable being between the compression surfaces 110, 112. However, when the
support platform 106 and/or the compression paddle 108 are cold, the patient may
experience discomfort and anxiety, which may result in movement and an improperly
positioned breast. This even sometimes requires an x-ray image to be re-taken, which
delivers unnecessary x-ray doses to the patient.

[0044] The imaging system 100 is typically disposed within a patient room that is
relatively cold so as to facilitate imaging system operation. As such, the outer surfaces of
the imaging system 100, for example, the compression surfaces 110, 112 are generally
cold to the touch. Accordingly, a heating system 134 can be coupled to the support
platform 106, the compression paddle 108, or both the support platform 106 and the
compression paddle 108 to generate heat and increase the temperature of the compression
surfaces 110, 112. For example, the typical temperature of the outer surfaces of an
unheated imaging system 100 may be approximately 65° F (about 18.3° C) to 70° F (about
21.1° C), while the heating systems 134 may be configured to raise that temperature to
approximately 85° F (about 29.4° C) to 90° F (about 32.2° C) or higher, thereby reducing
patient discomfort and anxiety during the breast compression and imaging processes.
Exemplary heating systems 134 are described in further detail below.

[0045] FIG. 2A is a perspective view of an exemplary breast support platform 200. The
breast support platform 200 includes a housing 202 that houses the receptor and the anti-
scatter grid (both not shown for clarity). The housing 202 includes a compression plate
204, a front wall 206, a bottom plate 208, and two sidewalls 210, 212 extending
substantially orthogonal to the walls 204, 206, and 208. A compression surface 214 is
formed on the outside surface of the compression plate 204. In operation, a patient’s breast
is supported on the compression surface 214 for compression and immobilization and a
patient’s chest wall is positioned against the front wall 206. The compression plate 204 is
typically formed from a carbon fiber-based material, while the rest of the housing 202 is
typically formed from a plastic-based material. In the example, at least a portion of the
carbon fiber compression plate 204 may extend along the front wall 206 and/or sidewalls
210, 212.

[0046] An imaging area 216 is defined on the compression surface 214 that corresponds to
the shape and size of the image receptor, and forms a visual perimeter boundary for breast
placement on the compression surface 214. To enable imaging of breast tissue close to the

patient’s chest wall, the imaging area 216 extends from the front wall 206 towards a back
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portion 218 of the housing 202, which is coupled to a support arm 220. Generally, the
imaging area 216 is positioned as close to the front wall 206 as possible so that as much
breast tissue towards the chest wall of the patient can be imaged. The imaging area 216 is
offset from both sidewalls 210, 212 to accommodate the tilting motion of the image
receptor as described above.

[0047] In the example, the breast support platform 200 includes a heating system 222
(shown in FIG. 2B) disposed at least partially within the housing 202 and is configured to
heat at least a portion of the compression plate 204 and/or at least a portion of the front
wall 206. In some examples, at least a portion of the heating system 222 may be embedded
within the housing 202. In other examples, the heating system 222 may be entirely
enclosed within the housing 202. Additionally, at least a portion of the heating system 222
is mounted within the housing 202 outside of the imaging area 216, which allows the
range of motion of the image receptor and the anti-scatter grid to be maintained.

[0048] FIG. 2B is a top view of the compression plate 204 of the breast support platform
200 (shown in FIG. 2A). In FIG. 2B, the compression plate 204 is illustrated as
transparent so that the position of the heating system 222 below the wall 204 may be
shown. In the example, the heating system 222 includes a transparent conducting film 224
coupled to an inner surface of the compression plate 204 opposite of the compression
surface 214. That is, the inner surface of the compression plate 204 is the non-patient
contacting side of the support platform. The heating system 222 also includes electrical
contact points 226 disposed on the transparent conducting film 224 and one or more
temperature sensors 228. The transparent conducting film 224 is shaped and sized to
completely cover the imaging area 216 so that the entire imaging area 216 may be heated
for patient comfort. Furthermore, the contact points 226 and the temperature sensor 228
are disposed outside of the imaging area 216 so that image artifacts are reduced or
eliminated.

[0049] In the example, the imaging area 216 is substantially rectangular and has a depth
230 extending from the front wall 206 towards the back portion 218, with a width 232
extending between the sidewalls 210, 212. In an aspect, the depth 230 may be
approximately 240 millimeters (mm) and the width 232 may be approximately 290 mm.
These dimensions form a clearance distance 234 of approximately 25 mm between the
sidewalls 210, 212 of the housing 202 and the imaging area 216. This clearance distance
234 at least partially defines the space that the contact points 226 of the heating system

222 must fit within to eliminate undesirable image artifacts, while also enabling the
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movement of the image receptor and the anti-scatter grid. The transparent conducting film
224 is generally larger than the size of the imaging area 216 so that the contact points 226
and the temperature sensor 228 can be positioned outside of the imaging area 216. In the
example, the transparent conducting film 224 is also substantially rectangular and has a
depth 236 extending from the front wall 206 towards the back portion 218, with a width
238 extending between the sidewalls 210, 212. In an aspect, the depth 236 may be
approximately 245 mm and the width 238 may be approximately 320 mm. These
dimensions form a width overlap 240 proximate both sidewalls 210, 212 of approximately
15 mm for the contact points 226 and a depth overlap 242 proximate the back portion 218
of approximately 5 mm for the temperature sensor 228. It should be appreciated that these
shapes and/or dimensions are exemplary only, and the imaging area 216 and transparent
conducting film 224 may have any other size and/or shape that enables the heating system
222 to function as described herein.

[0050] By positioning the contact points 226 proximate the sidewalls 210, 212 and the
temperature sensors 228 proximate the back portion 218, not only are image artifacts not
formed, but also the image receptor and/or the anti-scatter grid are still able to move as
described herein. For example, the image receptor and the anti-scatter grid may tilt up-to
30° and the illustrated placement of the heating system 222 still accommodates this
movement. In other examples, the contact points 226 and/or the temperature sensors 228
may extend into the clearance space of the image receptor and/or the anti-scatter grid
within the housing 202. For example, during imaging operations the image receptor and
the anti-scatter grid typically move less than the maximum designed range of motion, and
only tilt about 15°. As such, hard stops (not shown) for the image receptor and/or the anti-
scatter grid may be positioned within the housing 202 to eliminate the components from
contacting the heating system 222 when tilting more than 15°. In other examples, the
placement of the contact points 226 and/or temperature sensors 228 may be at any other
location that enables the heating system 222 to function as described herein.

[0051] As illustrated in FIG. 2B, the transparent conducting film 224 is positioned on the
compression plate 204 and adjacent to the front wall 206 with the contact points 226 and
the temperature sensors 228 disposed away from the front wall 206 so as to reduce image
artifacts. Additionally or alternatively, the transparent conducting film 224 may extend at
least partially along the front wall 206 of the housing 202. This enables the front wall 206
to be heated for patient comfort. However, because the image receptor and/or the anti-

scatter grid are typically in a close clearance fit with the front wall 206, the front wall 206
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can include a recess or pocket (not shown) so that the transparent conducting film 224 can
be recessed at least partially within the front wall 206. This placement of the heating
system 222 restricts or eliminates contact with the image receptor and/or the anti-scatter
grid. In some examples, the heating system 222 may heat the compression plate 204 and
the front wall 206 together. In other examples, the heating system 222 may heat the
compression plate 204 and the front wall 206 independently. For example, the
compression plate 204 and the front wall 206 each have a separate transparent conducting
film 224 with contact points 226 and temperature sensors 228 coupled thereto.

[0052] In the example, the transparent conducting film 224 is heated via resistive heating,
whereby electric current is passed through the film 224 to produce heat. In other examples,
the compression plate 204 itself and/or any other portion of the housing 202 may act as the
resistive heating element. For example, the contact points 226 may be directly electrically
coupled to the compression plate 204 so that electric current can be passed directly
through the compression plate 204. The compression plate 204 then acts as a conductor
element and heats directly through resistive heating. In an aspect, the compression plate
204 is formed from a carbon fiber-based material that acts as the conductor element. In
another aspect, a conductor element is weaved within the carbon fiber-based material for
resistive heating. In the exampled, the transparent conducting film 224 is not required and
the conductor element of the heating system 222 is embedded directly within the housing
202 (e.g., the compression plate 204). In still other examples, components of the
transparent conducting film 224 can be embedded at least partially within the compression
plate 204 and/or any other portion of the housing and act as the resistive heating element.
[0053] FIG. 3 is a schematic view of an exemplary heating system 300. As described
above, the heating system 300 includes a transparent conducting film 302, electrical
contact points 304, and a temperature sensor 306. The heating system 300 can be coupled
to a breast support platform as described above in FIGS. 2A and 2B, and/or may be
coupled to a compression paddle. The transparent conducting film 302 is coupled to a
power source 308, via one or more wires 310 attached through the contact points 304 so
that electrical current can flow thought the transparent conducting film 302, which
generates heat. In aspects, the power source 308 is configured to produce between 1-5
amperes, between 1 and 150 volts, and about 50 watts. In one example, the power source
308 produces approximately 24 volts at approximately 50 watts.

[0054] The electric current that is channeled through the transparent conducting film 302

can be based on a measured temperature of the compression plate, as measured by the
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temperature sensor 306. The temperature sensor 306 is coupled to a controller 312 that is
in communication with the power source 308 though a relay 314. As such, the electric
current flowing through the transparent conducting film 302 can be controlled in real time
so that the compression surface does not become too hot or too cold. In one example, the
temperature sensor 306 may include one or more thermocouples. In other examples,
temperature sensors 306 may be positioned on the image receptor, the anti-scatter grid,
and/or the compression surface. Additionally, the power source 308, the controller 312,
and/or the relay 314 may be disposed remote 316 from the support platform and/or
compression paddle. For example, the remote components may be disposed in the support
arm or the gantry of the imaging system.

[0055] In the example, the transparent conducting film 302 is configured to receive a flow
of electric current and act as a resistor so as to generate heat. The generated heat then
conducts through the compression plate. Generally, the carbon fiber compression plate
conducts heat through the thickness of the plate better than conducting heat in a radially
extending direction. As such, the transparent conducting film 302 is a planar sheet that
covers the entire imaging area. In other examples, individual strips and/or patches of
resistor film may be used as required or desired. In still other examples, heat tape,
transparent conducting paint, or other conducting coatings may be used on the
compression plate. In yet other examples, the compression plate may be formed from an
electrically conductive material such that heat can be generated through the resistance of
the plate material, although carbon fiber is only slightly electrically conductive. However,
by adding the transparent conducting film 302 to the carbon fiber plate, the plate itself acts
as an electric insulator so that electric current is not flowing through a component that is in
direct contact with the patient.

[0056] The transparent conducting film 302 can be formed from indium tin oxide (e.g.,
ITO on glass or polycarbonate), transparent conductive oxides, conductive polymers,
metal grids and random metallic networks, carbon nanotubs, graphene, nanowire meshes
(e.g., silver nanowire or copper nanowire), ultra-thin metal films, etc. These materials are
typically radiolucent such that the film 302 reduces or eliminates undesirable image
artifacts in the x-ray image. The film 302 is configured to have a resistivity of up to 150
ohm/square. In one example, the resistivity is between 14 and 24 ohm/square. In another
example, the resistivity can be between 1 and 20 ohm/square. In still another examples, the
resistivity can be between 10 and 30 ohm/square. It should be appreciated that the above

resistivity values are exemplary only, and the film 302 can have any resistivity value that
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enables the heating system 300 to function as described herein. As such, the plate can be
the conductor that generates heat directly. However, as the resistivity of the film 302
increases, the electric current channeled through the film 302 is required to have higher
voltages to produce heat. High voltages, however, are not necessary desirable for
components in close patient proximity.

[0057] FIG. 4 is a cross section view of the heating system 300. The heating system 300
includes the transparent conducting film 302 that receives an electric current through the
wire 310 that is coupled to the film 302 at the contact point 304. The transparent
conducting film 302 is secured to the inner surfaces of the breast support platform by a
transfer adhesive 318. The transfer adhesive 318 is resistant to dust and air bubbles so that
undesirable image artifacts are reduced or eliminated from being formed during the x-ray
imaging. In some examples, to reduce or eliminate dust and air bubbles in the adhesive
318, the heating system 300 can be secured to the breast support platform in a clean room
and/or a static-free environment. This can form an adhesive 318 that is substantially
devoid of dust and air bubbles therein. The transfer adhesive 318 is also heat resistant, but
heat conductive, so that the transparent conducting film 302 remains adhered to the
support platform and/or the compression paddle and is enabled to heat the compression
surface.

[0058] In the example, a heat treated polyester layer 320 covers the one side of the
transparent conducting film 302 opposite of the transfer adhesive 318. The polyester layer
320 insulates the breast support platform components (e.g., the image receptor and/or the
anti-scatter grid) from the heat generated by the heating system 300. The contact point 304
(e.g., hot melt potting) is disposed on the polyester layer 320 side of the transparent
conducting film 302. This positions the active side of the transparent conducting film 302
away from the support platform. In other examples, the transparent conducting film 302
has a thickness 322 that enables the contact point 304 to be at least partially encapsulated
by the film 302.

[0059] Generally, the transparent conducting film 302 is relatively thin so that the film
may be retrofit onto existing imaging systems and without modifying the profile of the
support platform housing. For example, adjacent to the compression plate, there is
generally enough space to attach the heating system 300 without having to move the
image receptor and/or the anti-scatter grid. However, thicker transparent conducting films
302 (e.g., glass based films) may require the image receptor and/or the anti-scatter grid to

be moved further away from the compression plate. Additionally, the thin low profile of
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the transparent conducing film 302 also reduces or eliminate interferences with the x-ray
receptor. For example, heat and/or electromagnetic interferences with the receptor.

[0060] FIG. 5 is a schematic view of another heating system 400. In this example, the
heating system 400 includes a blower 402 disposed at least partially within a housing 404
of the breast support platform and/or compression paddle. In some examples, the heating
system 400 may be entirely enclosed within the housing 404. The blower 402 is oriented
to channel hot air across an inner surface of a compression plate 406 so as to heat a
compression surface 408 for patient comfort. The blower 402 is coupled in flow
communication to a remotely positioned fluid source 410. In the example, the fluid source
410 channels a flow of fluid (e.g., air or other gaseous substance) to the blower 402 to
expel across the inner surface of the compression plate 406. In other examples, a flow of
liquid may be used as required or desired. A heating element 412 is positioned proximate
the blower 402, either upstream or downstream, to heat the flow of fluid right before being
expelled to the compression plate 406. Additionally, a baffle 414 or other flow directing
device is positioned downstream of the blower 402 such that the flow of heated fluid can
be directed within the housing 404 as required or desired. Generally, the heating system
400 is positioned so as to reduce fluid ingress into the housing 404 so as to reduce or
eliminate heat interference with the x-ray receptor, while still enabling the heating of the
compression surface 408 as described herein.

[0061] In the example, the blower 402 may direct the heated fluid flow directed towards
the compression plate 406, or may generally heat the entire inside of the housing 404.
Additionally, the heating system 400 is disposed outside of an imaging area 416 of the
compression surface 408. This positions the heating system 400 away from the image
detector and/or the anti-scatter device and does not form undesirable image artifacts
during x-ray imaging. In one example, the heating system 400 may be positioned adjacent
to a back portion 418 of the compression plate 406. In other examples, the heating system
400 may be located anywhere else within the housing 404 that enables the heating system
400 to function as described herein. Additionally, similar to the examples described above,
the heating system 400 can include one or more temperature sensors 420 to measure the
temperature of the compression surface 408 and to base operation of the heating system
400 therefrom (e.g., flow rate of blower 402 and temperature of heating element 412).
[0062] FIG. 6 depicts a flowchart illustrating a method 500 of heating a breast support
platform of an x-ray imaging system. The method 500 includes generating heat through a

heating system disposed at least partially within a housing of the breast support platform
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(operation 502). The housing includes at least a compression plate and a front wall. The
method 500 further includes channeling the heat generated from the heating system
towards at least a portion of the compression plate, at least a portion of the front wall, or at
least a portion of the compression plate and the front wall (operation 504). The heat then
conducts through the housing so that the breast support platform increases in temperature,
thereby increasing patient comfort during breast compression and imaging procedures.
[0063] In some examples, generating heat (operation 502) may include inducing an
electric current flow across a transparent conducting film coupled to an inner surface of
the housing (operation 506). The resistance from the transparent conducting film generates
the heat of the heating system. In other examples, the transparent conducting film is
adjacent to at least a portion of the compression plate and the front wall. As such, the
current applied to the transparent conducting film at the compression plate can be
independently controlled from the current applied to the transparent conducting film at the
front wall (operation 508). This enables the front wall to be heated to a different
temperature from the compression plate as required or desired. In another aspect,
generating heat (operation 502) may include inducing an electric current flow directly
across the compression plate. The compression plate acting as the conductor element
provides resistance and generates heat for the heating system. Alternatively, generating
heat (operation 502) may include heating a flow of air and blowing the hot air across an
inner surface of the housing (510). The method 500 may also include measuring a
temperature of the support platform (operation 512) so that the heat generated by the
heating system can be at least partially based on the temperature measured by the
temperature sensor (operation 514).

[0064] FIG. 7A is a perspective view of another heating system 600. FIG. 7B is a
perspective view of the heating system 600 with a portion of a housing 602 removed. FIG.
7C is an enlarged perspective view of the heating system 600. In this example, the heating
system 600 is at least partially disposed within a support arm housing 602 that supports a
breast support platform 604 and a compression paddle (not shown). Similar to the
examples described above, the breast support platform 604 houses a receptor (not shown)
and has a compression plate 606 with a compression surface 608. The breast compression
plate 606 includes a rear portion 610, which in this example, extends in an upwards
direction from the compression surface 608. For example, the rear portion 610 may be
substantially curved and positioned between the planar compression surface 608 and the

housing 602. In this example, the heating system 600 includes an outlet 612 that is
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positioned adjacent to the rear portion 610 of the compression plate 606 so as to channel
hot air towards the rear portion 610, which then directs the hot air across at least a portion
of the compression surface 608. By channeling hot air across the compression surface 608,
the compression surface 608 and/or a portion of the patient’s breast may be heated for
patient comfort before and/or during the compression procedure.

[0065] The heating system 600 includes a blower 614 that is positioned within the support
arm housing 602 and at least partially above the breast support platform 604. In the
example, the blower 614 may be a centrifugal fan (e.g., a squirrel cage fan) that is drum
shaped with a plurality of blades that are mounted around a hub. The blower 614 can have
one or more vents 616 such that air from within the housing 602 can be drawn through the
blower 614. In some examples, the housing 602 may have one or more inlets 618 so that
air can flow through the housing 602 and into the blower. Additionally, a baffle 620
extends between the blower 614 and the rear portion 610 of the compression plate 606.
The baffle 620 forms the outlet 612 and may have one or more vanes that are configured
to direct the flow across predetermined areas of the compression surface 608. A heating
element 622 is positioned proximate the blower 614, either upstream or downstream, to
heat the air before being expelled to the compression plate 606. Additionally, similar to
the examples described above, the heating system 600 can include one or more
temperature sensors (not shown) to measure the temperature of the compression surface
608 and to base operation of the heating system 600 therefrom (e.g., flow rate of blower
614 and temperature of heating element 622).

[0066] In the example, the heating system 600 is positioned so that the outlet 612, which
provides the heating fluid, is above the compression plate 606 and facing in a substantially
downward direction. As such, the heating system 600 is disposed outside of the imaging
area such that image artifacts are eliminated and the operation of the receptor and anti-
scatter grid (not shown) is not interfered with. Furthermore, the downward direction of the
outlet 612 and the offset from the compression plate 606 reduce or eliminate infiltration of
bodily fluids (e.g., sweat or blood — if biopsies are performed) that may accumulate on the
compression surface 608. Additionally, by placing the outlet 612 in a close proximity to
the compression surface 608, the efficiency and performance of the heating system 600 is
increased.

[0067] FIG. 8 is a perspective view of an exemplary compression paddle 700. The
compression paddle 700 includes a compression plate 702, a front wall 704, two opposing

sidewalls 706, 708, and a bracket 710. The compression plate 702 forms a bottom
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compression surface 712 for compressing the patient’s breast against the support platform
(e.g., the platform 200 and/or 604 described above). The front wall 704 of the paddle 700
is configured to be positioned against the patient’s chest wall. The bracket 710 is sized and
shaped to removeably couple to the support arm of the imaging system.

[0068] Additionally, the compression paddle 700 includes a heating system 714
configured to heat at least a portion of the compression plate 702 and/or at least a portion
of the front wall 704. The heating system 714 can include a transparent conducting film
716 coupled to an outer surface of the compression plate 702 and opposite of the
compression surface 712. That is, the outer surface of the compression plate 702 is the
non-patient contacting side of the compression paddle 700 (e.g., a top surface). In some
examples, the transparent conducting film 716 can be at least partially enclosed by the
body of the compression paddle 700. In other examples, the compression plate 702 and/or
any other portion of the paddle 700 may form the conductor element of the heating system
714 and directly receive a flow of electrical current as described herein. The heating
system 714 also includes electrical contact points 718 disposed on the transparent
conducting film 716 and one or more temperature sensors 720. The transparent conducting
film 716 is shaped and sized to completely cover the imaging area so that the entire
imaging area may be heated for patient comfort. In other examples, only a portion of the
imaging area may be heated. Furthermore, the contact points 718 and the temperature
sensor 720 are disposed outside of the imaging area so that image artifacts are reduced or
eliminated.

[0069] As illustrated in FIG. 8, the transparent conducting film 716 is positioned on the
compression plate 702 and adjacent to the front wall 704 with the contact points 718 and
the temperature sensors 720 disposed proximate the sidewalls 706, 708 and/or the bracket
710 so as to reduce image artifacts. Additionally or alternatively, the transparent
conducting film 716 may extend at least partially up the front wall 704 as required or
desired. This enables the front wall 704 to be heated for patient comfort. In examples, the
transparent conducting film 716 may be substantially similar to the film 302 described
above in reference to FIGS. 3 and 4. In some examples, the compression surface 712 may
be substantially curved as required or desired.

[0070] In other examples, the heating system 714 may include a blower (not shown) that
can channel hot air across the compression plate 702 so as to heat at least a portion of the
compression surface 712. Furthermore, because the heating system 714 is not positioned

directly on the compression surface 712, during the compression procedure a height of the
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paddle 700 relative to the platform may still be used to directly measure breast thickness
(e.g., for x-ray dose calculations).

[0071] As described herein, the exemplary heating systems are configured to heat at least
a portion of a compression surface of a support platform and/or a compression paddle so
as to reduce patient discomfort and anxiety during the breast compression and imaging
process. This reduces undesirable movement of the patient and efficiency of the imaging
process is increased. Generally, patients can feel discomfort during the breast compression
process due to the compressive force applied to the breast. Additionally, the temperature
(e.g., cold or low temperatures) of the compression surface(s) may also contribute to the
patient’s discomfort. In aspects of the present disclosure, the compression surface(s) can
be heated so as to reduce patient discomfort. Additionally or alternatively, the heating
systems can be used to distract the patient from the discomfort of the compression
procedures. For example, selectively heating the compression surfaces to different
temperatures and substantially maintaining the different temperatures during the
compression process. This temperature change between the compression surfaces can
induce a sensation (e.g., via the patient’s thermoreceptors) on the patient’s breast that acts
to distract the patient during the compression process. Thereby, also reducing patient
discomfort.

[0072] Using the heating systems described herein, the temperature change between the
compression surface of the support platform and the compression surface of the
compression paddle can be generated any number of ways. For example, the heating
system may be coupled to the support platform so as to heat the compression surface,
while the compression paddle remains at room temperature. In another example, the
heating system may be coupled to the compression paddle so as to the heat the
compression surface, while the support platform remains at room temperature. In still
other examples, both the support platform and the compression paddle may have heating
systems, but the compression surfaces of each are heated to different temperatures.

[0073] In some examples, room or unheated temperatures may be between approximately
65° F (about 18.3° C) to 70° F (about 21.1° C), while heated temperatures may be between
approximately 85° F (about 29.4° C) to 90° F (about 32.2° C). In other examples, heated
temperatures may raise to be between approximately 85° F (about 29.4° C) to 95° F (about
35° C). In still other examples, heated temperatures may raise to approximately 113° F
(about 45° C). It should be appreciated that these temperature values are exemplary and

the heated and unheated temperatures may be above or below the ranges as required or
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desired. As such, the temperature change between the support platform and the
compression paddle can be between approximately 20° F (about 11.1° C) and 25° F (about
13.9° C) when one is unheated and the other is heated. When both the support platform
and the compression paddle are heated, the temperature change can be between 10° F
(about 5° C) and 30° F (about 17° C). In other examples, the temperature change between
the heated support platform and the compression paddle can be less than or equal to 10° F
(about 5° C) or greater than or equal to 30° F (about 17° C) as required or desired.

[0074] FIG. 9 depicts a flowchart illustrating a method 800 of immobilizing a patient’s
breast on an x-ray imaging system. The method 800 includes heating at least a portion of a
compression surface from one of a support platform and a compression paddle to a first
temperature (operation 802). A compression surface of the other one of the support
platform and the compression paddle is at a second temperature. In some examples, this
other compression surface is heated to the second temperature (operation 804). As
described above, each compression surface may have approximately equal heated
temperatures (e.g., between approximately 85° F (about 29.4° C) to 95° F (about 35° C)).
In other examples, each compression surface may have different temperatures. For
example, one compression surface may be unheated, while the other compression surface
may be heated. In another example, one compression surface may be heated, while the
other compression surface is heated to a higher temperature. In an aspect, the temperature
differences between the two compression surfaces may be at least 10° F (about 5° C). In
some examples, the compression paddle may be heated on a separate paddle rack and then
connected to the imaging system as required or desired, while the compression surface of
the support platform can be held at constant heated temperature throughout the operational
period of the imaging system.

[0075] Once one or more of the compression surfaces are heated (operation 802 and 804),
the patient’s breast can be positioned on the compression surface of the support platform
by the technologist (operation 806). Then the compression paddle can be moved towards
the support platform so as to compress the patient’s breast between the two compression
surfaces (operation 808). In some examples, the method 800 can then further include
imaging the compressed breast in at least one of a mammography mode, a tomosynthesis
mode, and a CT mode (operation 810).

[0076] By heating one or more of the compression surfaces, patient discomfort is reduced

(e.g., by reducing cold surfaces). Additionally, by inducing a temperature differential
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between the two compression surfaces, a distraction sensation is generated to distract the
patient from the compression procedure, thereby also reducing patient discomfort.

[0077] This disclosure describes some examples of the present technology with reference
to the accompanying drawings, in which only some of the possible examples were shown.
Other aspects can, however, be embodied in many different forms and should not be
construed as limited to the examples set forth herein. Rather, these examples were
provided so that this disclosure was thorough and complete and fully conveyed the scope
of the possible examples to those skilled in the art. Any number of the features of the
different examples described herein may be combined into one single example and
alternate examples having fewer than or more than all of the features herein described are
possible. It is to be understood that terminology employed herein is used for the purpose
of describing particular examples only and is not intended to be limiting. It must be noted

G 97 66
a

that, as used in this specification, the singular forms an,” and “the” include plural
referents unless the context clearly dictates otherwise.

[0078] Although specific examples were described herein, the scope of the technology is
not limited to those specific examples. One skilled in the art will recognize other examples
or improvements that are within the scope of the present technology. Therefore, the
specific structure, acts, or media are disclosed only as illustrative examples. Examples
according to the technology may also combine elements or components of those that are
disclosed in general but not expressly exemplified in combination, unless otherwise stated

herein. The scope of the technology is defined by the following claims and any equivalents

therein.
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Claims

What is claimed is:

1. A breast support platform for an x-ray imaging system, the support platform
comprising:

a housing comprising a compression plate and a front wall; and

a heating system disposed at least partially within the housing and configured to
heat at least a portion of the compression plate, at least a portion of the front wall, or at
least a portion of the compression plate and the front wall, wherein the heating system

comprises a transparent conducting film coupled to an inner surface of the housing.

2. The breast support platform of claim 1, wherein the transparent conductive film
comprises a resistivity of between 14 and 24 ohm/square, and/or wherein the heating
system further comprises a power source configured to produce approximately 24 volts at

approximately 50 watts.

3. The breast support platform of claim 1 or 2, wherein a transfer adhesive secures the

transparent conducting film to the inner surface.

4, The breast support platform of claim 3, wherein the transfer adhesive is

substantially devoid of dust and/or air bubbles.

5. The breast support platform of any one of the preceding claims, wherein an
imaging area is defined on the compression plate, and wherein the heating system further
comprises one or more electrical contact points disposed on the transparent conducting

film and outside of the imaging area.

6. The breast support platform of claim 5, wherein the housing further comprises two
sidewalls substantially orthogonal to both the compression plate and the front wall, and
wherein the one or more electrical contact points are disposed proximate the sidewalls
and/or wherein the transparent conducting film is positioned between the inner surface of

the housing and the one or more electrical contact points.
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7. The breast support platform of claim 5 or 6, wherein the one or more electrical
contact points are at least partially encapsulated by the transparent conducting film and/or
wherein the inner surface is proximate to at least a portion of the compression plate, at
least a portion of the front wall, or at least a portion of the compression plate and the front

wall.

8. The breast support platform of claim 7, wherein a recess is defined at least partially
within the inner surface of the front wall, and the transparent conducting film is disposed

at least partially within the recess.

9. The breast support platform of any one of the preceding claims, wherein the
transparent conducting film is adjacent to at least a portion of the compression plate and

the front wall.

10. The breast support platform of claim 9, wherein the transparent conducting film is

configured to heat the compression plate independently from the front wall.

11. The breast support platform of claim 1, wherein the heating system comprises a

conductor element embedded within the housing.

12. The breast support platform of claim 11, wherein the conductor element is a carbon

fiber-based material.

13. The breast support platform of claim 11 or 12, wherein the heating system further
comprises one or more electrical contact points in direct electrical contact with the
conductor element, and/or wherein the compression plate comprises the conductor

element.
14. The breast support platform of claim 1, wherein the heating system comprises a

blower disposed at least partially within the housing, and wherein the blower is configured

to channel hot air across an inner surface of the housing.
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15. The breast support platform of claim 14, wherein the heat system further comprises
a heating element proximate the blower and/or wherein the heat system further comprises a

baffle proximate the blower.

16. The breast support platform of any one of the preceding claims, wherein the heating
system further comprises a temperature sensor, and wherein the heat generated by the
heating system is at least partially based on the temperature measured by the temperature

sensor.

17. The breast support platform of claim 16, wherein the temperature sensor comprises
one or more thermocouples, and/or wherein the temperature sensor is disposed proximate

the compression plate and opposite of the front wall.

18. The breast support platform of any one of the preceding claims, wherein the heating

system is entirely enclosed within the housing.

19. A method of heating a breast support platform of an x-ray imaging system, the
method comprising:

generating heat through a heating system disposed at least partially within a
housing of the breast support platform, wherein the housing includes a compression plate
and a front wall, and

channeling the heat generated towards at least a portion of the compression plate,
at least a portion of the front wall, or at least a portion of the compression plate and the
front wall, wherein generating heat comprises inducing an electric current flow across a

transparent conducting film coupled to an inner surface of the housing.

20. The method of claim 19, wherein the transparent conducting film is adjacent to at
least a portion of the compression plate and the front wall, and wherein inducing the
electric current flow comprises independently controlling the current applied to the
transparent conducting film at the compression plate and the current applied to the
transparent conducting film at the front wall, or

wherein generating heat comprises inducing an electric current flow directly across

the compression plate, or
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wherein generating heat comprises heating a flow of air and blowing the hot air

across an inner surface of the housing.

21. The method of claim 19 or 20, further comprising measuring a temperature of the

support platform.

22. The method of claim 21, wherein the heat generated by the heating system is at

least partially based on the temperature measured by the temperature sensor.
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