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fluidic channels. Also disclosed are methods of manufacturing the wrap and methods of administering a temperature-controlled treat -
ment to an anatomical body part.
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REINFORCED THERAPEUTIC WRAP AND METHOD

INCORPORATION BY REFERENCE
[001] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION
[002] The present invention relates generally to therapy of an animate body, and more
particularly a therapeutic wrap of the type having circulating fluid to provide cooling, heating,

and/or compression to a human or animal body part.

BACKGROUND OF THE INVENTION
[003] It is now common to apply cold and compression to a traumatized area of a human
body to facilitate healing and prevent unwanted consequences of the trauma. In fact, the
acronym RICE (Rest, Ice, Compression and Elevation) is now used by many.
[004] Typically thermally-controlled therapy involves cold packing with ice bags or the like
to provide deep core cooling of a body part. Therapy often involves conventional therapy wraps
with a fluid bladder for circulating a cooled heat exchange medium. Elastic wraps are often
applied over the therapy wrap to provide compression.
[005] More recently therapy wraps including a pair of compliant bladders to contain fluids
have been disclosed. The therapy wrap typically has a compliant bladder for containing a
circulating heat exchange liquid alone or in combination with a compressive bladder which
overlays the compliant bladder for pressing the bladder against the body part to be subjected to
heat exchange. In general, the body heat exchanging component(s) of such an apparatus include
a pair of layers defining a flexible fluid bladder through which a liquid is circulated. The
structure embodying both the liquid bladder and compressive bladder component is often
referred to as a “wrap.” The liquid fed to the wrap is maintained at a desired temperature by
passing the liquid through a heat exchanging medium such as an ice bath or a refrigeration unit,
One such system is disclosed, for example, in U.S. Pat. No. 6,178,562 to Elkins, the disclosure of
which is herein incorporated for all purposes by reference.
[006] Therapy wraps can be used to provide therapy in a variety of contexts whether for

humans, equine animals, dogs, or any other mammal. Therapy wraps can be shaped and
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designed for application to a variety of anatomical body parts such as a hoof, a shoulder, a knee,

a leg, a head, and more.

[007] A problem occurs when applying the wrap to such complex shapes. Bending of the
wrap in one or more directions can cause localized kinking or buckling in the bladder. In some
cases, one or more fluid pathways becomes crimped or completely occluded, thereby inhibiting
fluid flow and operation. This type of kinking generally occurs because of the inability of the
material to conform to the complex shape of the anatomical part to which it is applied. It is
believed that, in part, the material collapses and/or bunches when wrapped around tight radiuses.
[008] Kinking may also occur with therapeutic wraps having two bladders fixed together.
As the wrap is bent or folded, the bladders cannot shear or move past one another. This type of
kinking is sometimes referred to as buckling.

{009] It is believed that the above and other types of kinking conditions are further
exacerbated by the compressive force on the compliant fluid bladder. The compressive force
promotes further kinking after the walls of the bladder begin to kink.

[0010] Kinking leads to several performance problems. Kinking of the fluidic channels can
lead to cool spots that are uncomfortable for the user and render heat transfer inconsistent.
Kinking can also undesirably increase backpressure in local regions of the fluid bladder. In the
case of severe kinking, fluid flow is completely stopped through a fluid flowpath and heat
exchange cannot occur.

[0011] To date, the effects of kinking in the context of therapy wraps have not been
adequately explored. One existing wrap design provides a fluid bladder with a plurality of spot
welds (also referred to as “dots”™) to reduce “ballooning.” An example of such a fluid bladder is
disclosed in U.S. Patent No. 6,695,872 to Elkins. The dots also effectively split the fluid
pathway into a plurality of fluidic channels. The conventional use of dots is limited in that such
fluid bladders experience an undesirably large number of kink failures and other failure modes
during use, especially when applied to complex body parts and/or in compression from a
pressure bladder.

[0012] The risk of kinking may be reduced by increasing the rigidity of the materials
forming the bladder. Among the many limitations of this approach, increasing the rigidity of the
materials detrimentally requires a trade-off between conformability of the wrap and kink
resistance.

[0013] There remains the need for providing improved wraps with good heat exchange
performance and increased resistance to kinking, in particular when conformed and compressed

to complex shapes or bent around a tight radius curve. Even if a complete blockage of the fluidic
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channel does not occur, an undesirable reduction of fluid flow generally decreases wrap

performance.
[0014] There is the need for a wrap that is conformable to a complex anatomical shape and
provides efficient heat transfer over the treatment surface under compressive force. There is a
need for a wrap that reduces the risk of kinking or buckling. There is the need to provide a wrap
that improves patient comfort.
[0015] There is the need for a therapeutic wrap that overcomes the above and other
problems. There remains a need to provide improved temperature-controlled therapy apparatus
and methods for their use.

SUMMARY OF THE INVENTION
[0016] The present invention involves improvements in heat transfer therapy apparatus and
avoids disadvantages in the prior art.
[0017] Various aspects of the invention are directed to a therapy wrap with improved kink
resistance. In various embodiments, the therapy wrap is selectively reinforced for improved kink
resistance in only a portion of the wrap. In various embodiments, the wrap has a decreased kink
radius. In various embodiments, one or more selected regions are modified to have an increased
kink resistance. Various aspects of the invention are directed to a therapy wrap for providing
heating or cooling to an anatomical body part requiring treatment.
[0018] Various aspects of the invention are directed to a therapy wrap including a flexible
fluid bladder for containing a heat exchange medium, the fluid bladder including an inlet, an
outlet, a fluid flowpath connecting the inlet and the outlet, and a plurality of attachment points
connecting walls of the bladder and defining a plurality of fluidic channels in the flowpath; and a
gas pressure bladder for applying a compressive force to a portion of the fluid bladder in contact
with the body part. The attachment points are positioned and dimensioned to increase resistance
to kinking of the fluid bladder.
[0019] Various aspects of the invention are directed to a therapy wrap for providing heating
or cooling to an anatomical body part, the wrap including a flexible fluid bladder for containing a
heat exchange medium, the fluid bladder including an inlet, an outlet, a fluid flowpath
connecting the inlet and the outlet, and a plurality of attachment points connecting walls of the
bladder and defining a plurality of fluidic channels in the flowpath; and a gas pressure bladder
overlaying the fluid bladder for applying a compressive force to a portion of the fluid bladder in
contact with the body part. A portion of the plurality of attachment points may be positioned and
dimensioned to increase resistance to kinking of the fluid bladder in a region of the fluid bladder

prone to kinking during use.
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{0020] In various embodiments, the attachment points are dots formed by spot welding. In

various embodiments, the attachment points are circular-shaped and have an essentially equal
diameter. In various embodiments, the attachment points have a diameter between about 0.15
inch and about 0.2 inch. The attachment points may a diameter being between about 0.15 inch
and about 0.35 inch. The attachment points may have an average center-to-center spacing
between adjacent attachment points between about 0.35 inch and about 0.75 inch. The
attachment points may have an average center-to-center spacing between adjacent attachment
points between about 0.35 inch and about 0.5 inch. The attachment points may have an average
edge-to-edge spacing between adjacent attachment points between about 0.2 inch and about 0.5
inch. The attachment points may have an average edge-to-edge spacing between adjacent
attachment points between about 0.2 inch and about 0.25 inch.

[0021] In various embodiments, a ratio of the fluid volume of the fluid bladder to a treatment
area of the fluid bladder is between about 1 L/m? and about 3.5 L/m” at 10 psi. The ratio of the
fluid volume of the fluid bladder to a treatment area of the fluid bladder may be between about 1
L/m? and about 1.5 L/m? at 10 psi. The ratio of the fluid volume of the fluid bladder to a
treatment area of the fluid bladder may be between about 1.2 L/m? and about 3 L/m? at 20 psi.
The ratio of the fluid volume of the fluid bladder to a treatment area of the fluid bladder may be
at least about 1 L/m” at 5 psi.

[0022] In various embodiments, the fluidic channels are dimensioned to increase kink
resistance. In various embodiments, the average fluidic channel cross-sectional area in a kink-
resistant region is about 0.02 inch?, and more preferably 0.0254 inch®. In various embodiments,
the average fluidic channel cross-sectional area in a kink-resistant region is between about 10
mm? and about 40 mm?, more preferably between about 15 mm? and about 25 mm?,

[0023] In various embodiments, the compressive force is in a range from about 0.25 psi to
about 3 psi. In various embodiments, the compressive force is in a range from 0 psi to about 5
psi.

[0024] Various aspects of the invention are directed to a therapy wrap for providing
treatment to an anatomical body part, the wrap including a flexible fluid bladder for containing a
heat exchange medium and including an inlet, an outlet, and a fluid flowpath connecting the inlet
and the outlet; a gas pressure bladder overlaying the fluid bladder for applying a compressive
force to a portion of the heat exchanger in contact with the body part; and a kink reducer for
selectively increasing kink resistance of the fluid bladder in a kink-resistant zone subject to the
compressive force, the kink-resistant zone being positioned only along a portion of the at least
one fluidic channel spaced from the inlet and outlet. Various aspects of the invention are

directed to a therapy wrap conformable to an anatomical body part including a flexible heat
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exchanger for containing a heat exchange medium and including an inlet, an outlet, and a fluid

flowpath connecting the inlet and the outlet; a gas pressure bladder for applying a compressive
force to a portion of the heat exchanger in contact with the body part; and a kink reducer for
selectively increasing kink resistance of the heat exchanger in a kink-resistant zone subject to the
compressive force. In various embodiments, the kink reducer is a member selected from the
group consisting of a plurality of dot connections, a discrete reinforcement member, and a
combination of the same. In various embodiments, the kink-resistant zone being positioned only
along a portion of the at least one fluidic channel distally from the inlet and outlet. In various
embodiments, the kink-resistant zone being positioned only along a portion of the at least one
fluidic channel spaced from the inlet and outlet.

[0025] In various embodiments, the wrap further includes a plurality of circular-shaped
attachment points connecting opposite walls of the heat exchanger interiorly of a periphery of the
heat exchanger and defining a plurality of fluidic channels in the flowpath. The kink reducer
may include attachment points having a variable spacing between adjacent points positioned and
dimensioned to increase resistance to local kinking of the heat exchanger. In various
embodiments, the fluid bladder is formed of one of polyurethane, nylon, and a combination of
the same.

[0026] In various embodiments, an average spacing between adjacent attachment points in
the kink-resistant zone may be greater than an average spacing between adjacent attachment
points in the remainder of the heat exchanger. The average spacing in the kink-resistant zone
may be at least 20% greater than the average spacing in the remainder of the heat exchanger.
The average spacing in the kink-resistant zone may be at least 25%, at least about 30%, at least
about 40%, at least about 50%, or at least about 75% greater than the average spacing in the
remainder of the heat exchanger.

[0027] In various embodiments, an average edge-to-edge spacing between adjacent
attachment points in the kink-resistant zone is between about 0.2 inch and about 0.5 inch.

[0028] In various embodiments, the attachment points are spot welds. In various
embodiments, the attachment points are dots.

[0029] In various embodiments, the plurality of attachment points in the kink-resistant zone
are positioned in a non-linear pattern.

[0030] In various embodiments, the plurality of fluidic channels in the kink-resistant zone
have a cross-sectional area greater than a cross-sectional area of the fluidic channels in the
remainder of the fluid bladder.

[0031] In various embodiments, the kink-resistant zone has a tensile bending strength

increased by at least 20%, at least 30%, at least 40%, at least 50%, at least 75%, or at least 100%.
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In various embodiments, the kink-resistant zone has a tensile bending strength at least 75%

greater than the remainder of the heat exchanger.

[0032] In various embodiments, the wrap includes a selectively reinforced dot pattern to
increase the local tensile strength by at least about 10%, and more preferably at least about 20%,
at least about 50%, at least about 75%, at least about 100%, or at least about 150%. In various
embodiments, the selectively reinforced dot pattern is configured to reduce the occurrence of
kinking during use by at least about 10%, and more preferably at least about 20%, at least about
50%, or at least about 75%.

[0033] In various embodiments, the heat exchanger is a fluid bladder for containing cooled
water and the gas pressure bladder is for containing pressurized air. In various embodiments,
when the fluid bladder is filled with water at 19 psi, the fluidic channels in the kink-resistant
zone provide at least about 10 pounds of resistive force when displaced by about 0.1 inches over
about a 2-inch diameter area. In various embodiments, the fluidic channels provide at least about
5 pounds when displaced by about 0.13 inch, at least about 11 pounds when displaced by about
0.11 inch, at least about 17 pounds when displaced by about 0.1 inch, at least about 22 pounds
when displaced by about 0.09 inch, and/or at least about 27 pounds when displaced by about
0.08 inch.

[0034] In various embodiments, a ratio of the fluid volume of the heat exchanger to a
treatment area of the heat exchanger is between is between about 1 L/m2 and about 3.5 L/m2
when the fluid in the heat exchanger is at 10 psi.

[0035] In various embodiments, the wrap includes a check valve or flow restrictor to
maintain backpressure in the fluid bladder.

[0036] In various embodiments, the kink reducer comprises a discrete reinforcement member
to impart significantly increased resistance to kinking in the kink-resistant zone relative to the
remainder of the heat exchanger. In various embodiments, the kink reducer comprises a discrete
reinforcement member coupled to the fluid bladder in the kink-resistant zone. In various
embodiments, the reinforcement member increases the tensile bending strength of the kink-
resistant zone by at least 75% relative to the remainder of the heat exchanger. In various
embodiments, the reinforcement member increases the tensile bending strength of the kink-
resistant zone by at least 25%, by at least 50%, or by at least 75% relative to the remainder of the
heat exchanger. The reinforcement member may be a rigid body having a shape selected from a
wire, an exoskeleton, a ribbon, and a sheet.

[0037] In various embodiments, the reinforcement member is a rigid member selected from

the group consisting of a wire, an exoskeleton, a ribbon, a sheet, and a combination of the same.
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[0038] In various embodiments, the wrap includes a plurality of dot connections and a

discrete reinforcement member. The dot connections may be formed in a region overlapping the
reinforcement member. The reinforcement member may overlap the dot connections. The
reinforcement member and dot connections may be positioned in the same region.

[0039] In various embodiments, the reinforcement member is positioned within the gas
pressure bladder. In various embodiments, a position of the kink-resistant zone corresponds to
an anatomical joint of a patient to be treated. The body part may be a back of a joint. The kink-
resistant zone may correspond to one of a back of a knee or a back of an elbow. A position of
the kink zone may correspond to a narrowed region of the common border. In various
embodiments, the heat exchanger and gas pressure bladder are integrally connected and fluidly
separated by a common wall.

[0040] In various embodiments, the kink reducer is a member selected from attachment
points, a discrete reinforcement member, and a combination of the same as described in any of
paragraphs [0019] to [0039] above. In various embodiments, the kink-reducer is a pre-tensioned
region manufactured as described in any of paragraphs [0057] to [0072] below. The kink
reducer may be modified to achieve a desired variation in kink resistance.

[0041] Various aspects of the invention are directed to a therapy wrap for providing
treatment to an anatomical body part, the wrap including a first outer layer of flexible material;
[0042] a second outer layer of flexible material; a middle layer between the first and second
layers of flexible material; a plurality of connections joining the first and middle layers to form a
fluid bladder, the plurality of connections comprising dots and fences defining a plurality of
fluidic channels in the fluid bladder; the fluid bladder comprising a first zone and a second zone
of dots; and a border joining the second outer layer and middle layer to form a gas pressure
bladder. The dots in the second zone may be positioned and configured to increase a bending
strength of the second zone relative to the first zone when the wrap is in use. A portion of the
dots in the fluid bladder may be positioned and configured to increase a bending strength of a
local region relative to the remainder of the wrap when it is in use. Various aspects of the
invention are directed to a therapy wrap conformable to an anatomical body part including a first
outer layer of flexible material; a second outer layer of flexible material; a middle layer between
the first and second layers of flexible material; and a border joining the second outer layer and
middle layer to form a gas pressure bladder.

[0043] In various embodiments, a plurality of connections join the first and middle layers to
form a fluid bladder. The plurality of connections may include dots and fences defining a

plurality of fluidic channels in the fluid bladder. In various embodiments, the fluid bladder
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includes a first zone and a second zone of dots; the dots in the second zone increase a bending

strength of the second zone relative to the first zone when the wrap is in use.

[0044] In various embodiments, the plurality of connections are welds between the first outer
layer and middle layer.

[0045] In various embodiments, the dots in the second zone have an average edge-to-edge
spacing between about 0.2 inch and about 0.5 inch. The dots in the second zone may have an
essentially equal diameter, the diameter of the dots being between about 0.15 inch and about
0.35 inch.

[0046] In various embodiments, the plurality of connections joining the first and middle
Jayer include a common border along a periphery of the first and middle layer and a plurality of
fences interiorly of the common border defining a fluid flowpath, the plurality of dots dividing
the fluid flowpath into the plurality of fluidic channels.

[0047] In various embodiments, in the second zone, the dots inward of the border are larger
than those adjacent the border. In various embodiments, in the second zone, the dots have a
variable diameter.

[0048] In various embodiments, the dots are attachment points configured and dimensioned
as described in any of paragraphs [0019] to [0034].

[0049] Various aspects of the invention are directed to a therapy wrap as described in any of
paragraphs [0017] to [0048].

[0050] Various aspects of the invention are directed to a method of forming a therapy wrap
as described in any of paragraphs [0017] to [0049].

[0051] Various aspects of the invention are directed to a method of forming a flexible wrap
for thermal therapy, the method including joining a first layer of flexible material to a second
layer of flexible material to form at least one interior fence, the at least one fence defining at
least one fluid pathway between the first layer and second layer; and joining the first layer to the
second layer to form a plurality of dots defining a plurality of fluidic channels in the at least one
fluid pathway, a portion of the plurality of dots corresponding to a kink-prone region of the wrap
and the dots in the portion sized and shaped to increase resistance to kinking in the kink-prone
region. In various embodiments, the joining to form the multi-chamber wrap is performed
simultaneously with the forming of the at least one interior fence and the forming of the dots. In
various embodiments, the forming of the at least one fence comprises forming the at least one
fence to extend through the second layer and third layer.

[0052] Various aspects of the invention are directed to a method of forming a flexible wrap
for thermal therapy and conformable to an anatomical body part, the method including forming a

plurality of connections joining a first layer of flexible material and a second layer of flexible
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material; joining a third layer of flexible material, the second layer of flexible material, and the

first layer of flexible material along a peripheral border; and forming at least one fence and a
plurality of dots between the first layer and the second layer and interiorly of the peripheral
border. The at least one fence defines at least one fluid pathway between the first layer and
second layer. The plurality of dots define a plurality of fluidic channels in the at least one fluid
pathway. In various embodiments, the forming of the dots includes forming a dot matrix in a
first zone and a dot matrix in a second zone along the at least one fluid pathway, the second zone
corresponding to a kink-prone region of the wrap, the dot matrix in the second zone to increase
resistance to kinking within a localized area of the dots. In various embodiments, the dot matrix
in the second zone is formed without any linear arrangement. In various embodiments, the dot
matrix in the second zone is formed in a non-linear arrangement.

[0053] In various embodiments, the forming of the plurality of dots comprises forming a
repeating pattern of essentially aligned dots in the first zone. The forming of the at least one
fence may include forming the at least one fence to extend between the second layer and third
layer.

[0054] In various embodiments, the forming of the plurality of dots is accomplished by
increasing a spacing between adjacent dots in the second zone relative to a spacing between
adjacent dots in the first zone.

[0055] In various embodiments, the plurality of dots in the second zone have an essentially
equal diameter, the diameter of the dots being between about 0.15 inch and about 0.35 inch.
[0056] In various embodiments, the kink-prone region corresponds to an anatomical joint.
The kink-prone region may correspond to a narrowed region of the first and second layers.
[0057] Various aspects of the invention are directed to a method of forming a heat
exchanger, the method including sealing a first layer of flexible material to a second layer of
flexible material to form a peripheral border and a fluid pathway; and attaching a selective
reinforcement layer to the second layer along a portion of the fluid pathway corresponding to a
kink-prone region.

[0058] In various embodiments, the method includes attaching the selective reinforcement
layer along another portion of the fluid pathway. The reinforcement layer may include a
substrate carrying a rigid structural member. The structural member may be a substantially flat
batten formed of stiffened urethane. The structural member may be attached only along the
portion of the fluid pathway corresponding to the kink-prone region. The reinforcement layer
may be positioned on an opposite side of the second layer from the first layer.

[0059] In various embodiments, the method further includes attaching another reinforcement

layer to the second layer along a different portion of the fluid pathway than the reinforcement
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layer. In various embodiments, the another reinforcement layer and reinforcement layer are

integrally formed. The another reinforcement layer and reinforcement layer may be spaced from
an inlet and an outlet of the fluid pathway.

[0060] Various aspects of the invention are directed to a method of making a heat exchanger
conformable to a complex shape, the method including forming a first layer of a flexible
material; forming a second layer of a flexible material; sealing the first layer to the second layer
along a common border; securing the first layer to the second layer interiorly of said border to
define at least one fluidic channel in a first region; securing the first layer to the second layer
interiorly of said border to define another fluidic channel in a second region; and attaching a
selective reinforcement layer only along the another fluidic channel in the second region.

[0061] In various embodiments, the reinforcement layer comprises a substrate carrying a
rigid structural member. The structural member may be a substantially flat batten. The
structural member may be formed of stiffened urethane.

[0062] In various embodiments, the reinforcement layer is positioned on an opposite side of
the second layer from the first layer.

[0063] Various aspects of the invention are directed to a method of forming a therapy wrap,
the method including tensioning a member selected from the group consisting of a first layer of
flexible material, a second layer of flexible material, and a combination of the same; during the
tensioning, sealing the second layer over the first layer along a common border to form a
bladder.

[0064] In various embodiments, the method further includes, after the sealing, releasing the
formed bladder. The tensioning may be performed in only a kink-prone region of the selected
member.

[0065] In various embodiments, the method includes sealing a third layer of flexible material
over the second layer along the common border to form another bladder, the another bladder
attached to and overlaying the bladder. The sealing to form the first bladder or sealing to form
the second bladder may include forming a plurality of interior control fences extending through
the second layer and defining at least one fluid flowpath in the bladder and the another bladder.
The sealing of the first layer to the second layer and the sealing of the second layer to the third
layer may be performed substantially simultaneously.

[0066] In various embodiments, the tensioning includes heating the selected member. In
various embodiments, the tensioning includes stretching the selected member.

[0067] Various aspects of the invention are directed to a method of making a therapy wrap
which is conformable to an anatomical joint, the method including forming a first outer layer of a

flexible material; forming a middle layer of flexible material overlaying the first outer layer; pre-
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tensioning at least one of the first outer layer and middle layer; and while the kink-resistant zone

remains pre-tensioned, sealing the first outer layer to the middle layer along a common
peripheral border to form a fluid bladder.

[0068] In various embodiments, the pre-tensioning of at least one of the first outer layer and
the middle layer is performed in only a selected kink-resistant zone of the layers. In various
embodiments, the pre-tensioning is performed to a selected region positioned remotely from the
inlet and the outlet.

[0069] In various embodiments, the method includes forming a second outer layer of a
flexible material overlaying the middle layer; and sealing the second outer layer to the middle
layer to form a gas pressure bladder.

[0070] The kink-resistant zone may correspond to a location of an apex of the anatomical
joint requiring treatment.

[0071] In various embodiments, the sealing to form a fluid bladder includes forming a
plurality of control fences extending through the first outer layer, the middle layer, and the
second outer layer, interiorly of said border, to form at least one fluid flowpath in the fluid
bladder and the gas pressure bladder. The sealing of the first outer layer to the middle layer and
the sealing of the second outer layer to the middle layer may be performed essentially
simultaneously.

[0072] In various embodiments, the pre-tensioning comprises heating the at least one of the
first outer layer and the middle layer prior to the sealing. |
[0073] In various embodiments, a therapy wrap for providing heating or cooling to an
anatomical body part is provided. The wrap may include a flexible fluid bladder for containing a
heat exchange medium, the fluid bladder including an inlet, an outlet, and a fluid flowpath
connecting the inlet and the outlet; a gas pressure bladder overlaying the fluid bladder for
applying a compressive force to a portion of the fluid bladder in contact with the body part; and a
reinforcement member disposed within the gas pressure bladder at one or more kink prone
regions of the gas pressure bladder, wherein the reinforcement member reduces kinking at the
one or more kink prone regions of the gas pressure bladder.

[0074] In some embodiments, the reinforcement member is a made from a porous material.
In some embodiments, the porous material has an open cell foam structure that is gas permeable.
[0075] In some embodiments, the reinforcement member has a hole and a weld that passes
through the hole that secures the reinforcement member within the gas pressure bladder. In some
embodiments, the reinforcement member is donut shaped.

[0076] In some embodiments, the reinforcement member is secured to the gas pressure

bladder with an adhesive.
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[0077] In some embodiments, the therapy wrap further includes a plurality of attachment

points connecting walls of the bladder and defining a plurality of fluidic channels in the flow
path. In some embodiments, the reinforcement member is secured within the gas pressure
bladder with a weld that is aligned with one of the attachment points.

[0078] In some embodiments, the size and shape of the reinforcement member is defined at
least in part by one or more of the plurality of attachment points within the bladder.

[0079] In some embodiments, the reinforcement member is curvilinear. In some
embodiments, the reinforcement member is circular or oval.

[0080] In some embodiments, the reinforcement member is rectilinear. In some
embodiments, the reinforcement member is square or rectangular.

[0081] In some embodiments, the size and shape of the reinforcement member is defined at
least in part by a perimeter of the gas pressure bladder. In some embodiments, the size and shape
of the reinforcement member is defined at least in part by one or more interior fences disposed
within the fluid bladder or gas pressure bladder.

[0082] In some embodiments, the reinforcement member is made from an insulating
material. In some embodiments, reinforcement member is adhered to a wall of the gas pressure
bladder that is adjacent or shared with the fluid bladder.

[0083] In some embodiments, a therapy wrap for providing treatment to an anatomical body
part is provided. The wrap may include a gas pressure bladder for applying a compressive force
to the body part; and a reinforcement member disposed within the gas pressure bladder at one or
more kink prone regions of the gas pressure bladder, wherein the reinforcement member reduces
kinking at the one or more kink prone regions of the gas pressure bladder.

[0084] In some embodiments, the reinforcement member is a made from a porous material.
In some embodiments, the porous material has an open cell foam structure that is gas permeable.
[0085] In some embodiments, the reinforcement member has a hole and a weld that passes
through the hole that secures the reinforcement member within the gas pressure bladder. In some
embodiments, the reinforcement member is donut shaped.

[0086] In some embodiments, the reinforcement member is secured to the gas pressure
bladder with an adhesive. In some embodiments, the reinforcement member is secured within
the gas pressure bladder with one or more welds.

[0087] In some embodiments, the reinforcement member is curvilinear. In some
embodiments, the reinforcement member is circular or oval.

[0088] In some embodiments, the reinforcement member is rectilinear. In some

embodiments, the reinforcement member is square or rectangular.
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[0089] In some embodiments, the size and shape of the reinforcement member is defined at

least in part by a perimeter of the gas pressure bladder. In some embodiments, the size and shape
of the reinforcement member is defined at least in part by one or more interior attachment
features disposed within the gas pressure bladder.

[0090] The therapeutic wrap and method of the present invention have other features and
advantages which will be apparent from or are set forth in more detail in the accompanying
drawings, which are incorporated in and form a part of this specification, and the following
Detailed Description of the Invention, which together serve to explain the principles of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0091] FIG. 1 is a top plan view of a reinforced therapeutic wrap for a straight knee in
accordance with the invention, the wrap configured to reduce kinking during operation.
[0092] FIG. 2 is an enlarged detail view of the wrap of FIG. 1, illustrating a variable dot
pattern in a kink-resistant zone of the fluid bladder.
[0093] FIG. 3 illustrates a sectional view of the wrap of FIG. 2 through the line 3-3,
illustrating the expandable compression bladder and fluid bladder within a sleeve along with an
optional reinforcement member.
[0094] FIG. 4 is an schematic drawing representative of an enlarged portion of the wrap of
FIG. 3, illustrating a plurality of fluidic channels expanded with fluid.
[0095] FIG. 5 is a top plan view of another selectively reinforced therapeutic wrap similar to
the wrap of FIG. 1, the wrap configured for a canine.
[0096] FIG. 6 is a top plan view of another selectively reinforced therapeutic wrap similar to
the wrap of FIGs. 1 and 5, the wrap configured for a human shoulder.
[0097] FIG. 7 is an enlarged detail view of the wrap of FIG. 6, illustrating variable dot
patterns in a narrow connecting region between flaps.
[0098] FIG. 8 is a top plan view of a therapeutic wrap for a horse hoof in accordance with
the invention, illustrating various kink-resistant zones with different reinforcement member
positions and configurations.
[0099] FIG. 9 is a top plan view of another selectively reinforced therapeutic wrap similar to
the wrap of FIG. 8, illustrating use of four reinforcement members configured to provide kink
resistance during operation.
[00100] FIGs. 10A, 10B, and 10C illustrate a method of assembling a therapeutic wrap similar

to that of FIG. 9 in accordance with the invention.
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[00101]  FIGs. 10D-10G illustrate an embodiment of a therapeutic wrap with a reinforcement

member disposed in a gas bladder.

[00102] FIGs. 10H and 101 illustrate additional embodiments of a reinforcement member
disposed in a gas bladder.

[00103] FIG. 11 is a top plan view of a selectively reinforced heat exchange device similar to
the wrap of FIG. 1 for use with an elastic wrap instead of a gas pressure bladder, illustrating dot
connections configured to provide kink resistance during operation.

[00104] FIG. 12 is a graph illustrating force versus fluidic channel displacement at 19 psig for
two exemplary wraps.

[00105] FIG. 13 is a graph illustrating force versus fluidic channel displacement at 10 psig for
the two exemplary wraps of FIG. 12.

[00106] FIG. 14 is a graph illustrating water volume per surface area (Volume/Area) versus

pressure for the two exemplary wraps of FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION
[00107] Before the present invention is described, it is to be understood that this invention is
not intended to be limited to particular embodiments or examples described, and as such may
vary.
[00108] For convenience in explanation and accurate definition in the appended claims, the
terms “up” or “upper”, “down” or “lower”, “inside” and “outside”, and “Interior” and
“peripheral” have been used to describe features of the present invention with reference to the
positions of such features as displayed in the figures. Unless expressly noted otherwise, the
terms used herein are to be understood as broadly used in the art.
[00109] In many respects the modifications of the various figures resemble those of preceding
modifications and the same reference numerals followed by apostrophes or subscripts “a”, “b”,
“c”, and “d” designate corresponding parts.
[00110] Turning to FIG. 1, a therapy wrap 30 for use in a therapy system is shown in
accordance with the invention. In various respects, wrap 30 is similar to conventional wraps
such as those disclosed by U.S. Patent No. 7,198,093 and U.S. Patent Pub. No. 2005/0256556,
the entire contents of which are incorporated herein for all purposes.
[00111]  As used herein, “wrap” is to be understood as generally used in the art of
temperature-controlled therapy and broadly refers to a device including a heat exchanger alone
or in combination with a various components for fastening the heat exchanger to a treatment

area. In various respects, “wrap” refers to a device including a heat exchanger for containing a
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heat exchange medium alone or with a sleeve cover. In various respects, “wrap” refers to the

sleeve cover, fluid bladder, and compressive element.

[00112] Various aspects of the invention are similar to the subject matter described in U.S.
Patent Application Ser. No. 09/127,256 (filed July 31, 1998) entitled, “Compliant Heat Exchange
Panel” issued on April 3, 2007 as Patent No. 7,198,093; U.S. Patent Application Ser. No.
09/798,261 (filed March 1, 2001) entitled, “Shoulder Conformal Therapy Component of an
Animate Body Heat Exchanger”; U.S. Patent Application Ser. No. 12/910,743 (filed on October
22, 2010), entitled, “Therapeutic Wrap”; U.S. Patent Application Ser. No. 09/901,963 (filed July
10, 2001) entitled, “Compliant Heat Exchange Splint and Control Unit”; U.S. Patent Application
Ser. No. 09/771,123 (filed January 26, 2001) entitled, “Wrist/Hand Conformal Therapy
Component of an Animate Body Heat Exchanger”; U.S. Patent Application Ser. No. 09/771,124
(filed January 26, 2001) entitled, “Foot/Ankle Conformal Therapy Component of an Animate
Body Heat Exchanger”; U.S. Patent Application Ser. No. 09/771,125 (filed January 26, 2001)
entitled, “Conformal Therapy Component of an Animate Body Heat Exchanger having
Adjustable Length Tongue”; U.S. Patent Application Ser. No. 10/784,489 (filed February 23,
2004) entitled, “Therapy Component of an Animate Body Heat Exchanger” which is a
continuation of U.S. Patent Application Ser. No. 09/765,082 (filed January 16, 2001) entitled,
“Therapy Component of an Animate Body Heat Exchanger and Method of Manufacturing such a
Component” issued on February 24, 2004 as Patent No. 6,695,872 which is a continuation-in-
part of U.S. Patent Application Ser. No. 09/493,746 (filed January 28, 2000) entitled, “Cap And
Vest Garment Components Of An Animate Body Heat Exchanger” issued on January 30, 2001
as Patent No. 6,178,562; U.S. Patent Application Ser. No. 10/122,469 (filed April 12, 2002)
entitled, “Make-Break Connector For Heat Exchanger” issued on March 29, 2005 as Patent No.
6,871,878; U.S. Patent Application Ser. No. 10/637,719 (filed August 8, 2003) entitled, “Apparel
Including a Heat Exchanger” issued on September 19, 2006 as Patent No. 7,107,629; U.S. Patent
Application Ser. No. 12/208,240 (filed September 10, 2008) entitled, “Modular Apparatus for
Therapy of an Animate Body” which is a divisional of U.S. Patent Application No. 10/848,097
(filed May 17,2004) entitled, “Modular Apparatus for Therapy of an Animate Body”; U.S. Patent
Application Ser. No. 11/707,419 (filed February 13, 2007) entitled, “Flexible Joint Wrap”; U.S.
Patent Application Ser. No. 11/854,352 (filed September 12, 2007) entitled, “Make-Break
Connector Assembly with Opposing Latches”; and U.S. Patent Application Ser. No. 10/848,097
(filed May 17, 2004) entitled “Modular Apparatus for Therapy of An Animate Body”, published
on November 17, 2005 as Publication No. 2005/0256556, the entire contents of which patents

and publications are incorporated herein for all purposes by reference.
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[00113] The above described applications and patents generally describe thermal therapy

devices, typically for cooling or heating a body part. In various embodiments, the device and
methods of the invention are configured to apply therapy to a mammalian body, and preferably a
human body. The wrap may be used on a knee, an elbow, a shoulder, a leg, a hoof, an arm, and
more.

[00114] Most of the above applications and patents describe an animate body therapy wrap
having two major components: a compliant therapy component (e.g. a liquid bladder) covering a
body part to be subjected to heat exchange and a control component for producing a flowing heat
exchange liquid. Many therapy system utilize control units that produce and supply air or other
gas pressure needed to apply pressure to a body part and to press the therapy component toward
a body part. This gas pressure is contained in a compliant bladder such as a gas pressure
bladder. The gas pressure bladder overlays the liquid bladder to press the liquid bladder against
the body part to be subjected to heat exchange, as well as apply compression to the body part to
reduce edema. In general, the compliant liquid bladder contains a circulating heat exchange
liquid and the gas pressure bladder overlays the liquid bladder for pressing the liquid bladder
against the body part.

[00115] Turning to FIGs. 1, 5, and 6, several therapy wraps 30, 30a, and 30b are shown.
Wrap 30 of FIG. 1 is a circumferential wrap for applying to a body part such as a knee, an elbow,
an arm, or a leg of a human body. Wrap 30b of FIG. 5 has a shape for applying to a canine.
Wrap 30¢ of FIG. 6 has a shape for applying to a shoulder of a human body. In many respects,
elements of wraps 30, 30a, and 30b are functionally and structurally similar and thus will be
described together.

[00116] With reference to FIGs. 1, 2, 3, and 4, therapy wrap 30 is configured to provide
temperature-controlled therapy to an anatomical body part. The wrap includes a pair of layers
33, 35 defining a flexible fluid bladder 37 through which a heated or cooled liquid is circulated.
The liquid fed to the wrap is maintained at a desired inlet temperature. Generally, the desired
temperature is lower than the temperature expected for the body part to effectuate heat exchange.
Cooling or heating of the fluid is typically achieved, at least in part, by passing the liquid through
the heat exchanging medium before providing the fluid to bladder 37. For example, the liquid
can be passed through an ice bath or a refrigeration unit. In various embodiments, the system
includes a pump and control unit, generally designated 39, for controlling one or more of the
temperature of the fluid supplied to the inlet of the fluid bladder, fluid flow rate, and fluid flow
pressure. One such system is disclosed, for example, in U.S. Pat. No. 6,178,562, the entire

content of which is herein incorporated for all purposes by reference.
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[00117] Performance of the thermal therapy device may be improved by adjusting the flow

rate, adjusting the temperature, and/or providing additional features to the thermal therapy
device. In a typical return flow arrangement, the velocity of the fluid is proportional to the flow
rate into the wrap. Keeping the inlet temperature the same, reducing the flow rate through the
thermal therapy device will reduce the amount of energy removed from (or added to) the body
part requiring treatment. Conversely, increasing the flow rate will increase the amount of energy
removed from (or added to) a patient. In a cold therapy device, with the wrap applied to a
mammalian body, the temperature of the fluid leaving the wrap is warmer than the temperature
of the fluid entering the wrap because the mammalian body is typically warmer than the thermal
fluid.

[00118]  As the fluid flow rate into the wrap becomes slower, the temperature delta increases
as does the average wrap temperature. To decrease the average wrap temperature, the flow may
be increased. A slower flow rate, however, may lead to less efficient heat transfer and other
performance problems. Conversely, a blockage in the fluid bladder that reduces the flow rate
negatively affects performance. Similarly, blockages in the flow lead to slowed or stagnant flow
and “cold spots” where heat transfer is uneven, ineffective, or nonexistent. In other cases,
blockages can lead to cold spots or hot spots.

[00119]  As used herein, the “average temperature” of the wrap refers to the average of the
wrap inlet temperature and the wrap outlet temperature. The difference between the wrap outlet
temperature and the wrap inlet temperature will be referred to as “temperature delta” through the
wrap. The temperature delta through the wrap depends on the fluid flow rate, the heat load, and
the specific heat of the thermal fluid. The “maximum temperature” and “minimum temperature”
refers to the maximum and minimum temperatures at any point in the wrap, and more
specifically the fluidic channels. In general, it is desirable to provide turbulent yet uniform flow
and consistent heat transfer whereby the temperature increase between the inlet temperature and
outlet temperature is linear, in the case of'a cold wrap.

[00120] The exemplary device 30 illustrated in FIG. 1 is a modular heat therapy device or
“wrap.” The wrap includes a first modular member or portion and one or more other modular
members. The first modular member or portion comprises a heat exchanger. In the illustrated
embodiment, the heat exchanger is fluid bladder 37 for circulating a heat exchange medium such
as ice water. In the illustrated embodiment, the second modular member comprises a gas
pressure bladder 38 for applying a compressive force against the fluid bladder and treatment site.
[00121] In various embodiments, the wrap includes another modular member, sleeve 41,

which acts as a cover for the bladder(s). The exemplary sleeve forms a pouch into which the
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heat transfer device and gas pressure bladder are placed. The sleeve is adapted to be wrapped

around at least a portion of a patient's body requiring treatment.

[00122] Various aspects of sleeve 41 are similar to those disclosed in U.S. Patent Pub. No.
2005/0256556 to Schirrmacher et al. and U.S. Patent No. 6,695,872 to Elkins, the entire contents
of which are incorporated herein for all purposes by reference. The sleeve may comprise an
inner or front side portion and an outer or back side portion. The sleeve may be formed of
various materials understood in the art and may comprise inner and outer sheets of material that
are sewn or fused together. For example, the inner and outer sides can comprise two sheets of
fabric that are sewn together to form a seam. An additional interior seam may be provided to
form a flap which is adapted to receive one or more of the wrap components. Suitable materials
for the sleeve include, but are not limited to, nylon, spun bonded material, hook and loop
material, and more.

[00123] In the exemplary embodiment of FIG. 4, fluid bladder 37 and gas pressure bladder 38
are contained within sleeve 41. The illustrated sleeve is composed of nylon on one side and a
loop material (e.g. pile) on an opposite side. The exemplary sleeve also includes a fastener for
holding the wrap device in the desired location on the animate body. Accordingly, when the
device is wrapped around a portion of or the entire region being treated, the fastener holds the
device in place during treatment. In the illustrative embodiment, a hook and loop fastener is
used. If the hook and loop fastener wears out, the removable modular bladder or sleeve can be
readily replaced.

[00124] In various embodiments, the hook material portion of the hook and loop fastener
comprises two sections (shown in FIG. 8). In the illustrated embodiment, each section has a
length extending along the length of the strap of about 4 or 5 inches. These sections can be
spaced apart by about 1 inch to facilitate or improve flexibility of the end portion of the strap. In
this manner, the strap can be readily folded to provide length adjustment for differently sized
users. In the illustrative embodiment, the active areas of the hook portion of the hook and loop
fastener are outside the seams forming the pouch, which can alleviate excessive force when the
wrap is under compression.

[00125] Referring to FIGs. 3 and 4, the modular bladders are positioned inside sleeve 41 in a
sandwich configuration. In this state, the apparatus is ready to apply to the portion of the body to
be treated. In various embodiments, the exemplary pouch formed by the sleeve allows fluid
bladder 37 and gas pressure bladder 38 to move freely inside. In other words, beyond being
confined in the pouch, there are no connections between fluid bladder and gas pressure bladder.
In various embodiments, the fluid bladder and gas pressure bladder are not attached to each other

or the sleeve but are fit tightly in the sleeve to reduce any relative movement. The sleeve pouch
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thus locates the two components relative to each other. This can provide a more evenly

distributed compression around the gas bladder, resulting in improved therapy of the body being
treated. In various embodiments, the fluid bladder has some room for movement within the
pouch such that there is less chance that a portion of the fluid flow is blocked when the wrap is
improperly applied to the portion of the body being treated. For example, if an unexpected fold
occurs, the fluid bladder may self-correct its position and relieve blockage of coolant flow. In
various embodiments, other components may be positioned and located within the sleeve in
similar manner and as would be understood by one of skill in the art from the description herein.
In the exemplary embodiment, the fluid and gas pressure bladders are integrally formed and
positioned snugly within a sleeve.

[00126] The exemplary modular members—fluid bladder 37 and gas pressure bladder 38—
can be readily removed from sleeve 41 so that one can clean either or both and/or replace either
component. The bladders and/or sleeve can be constructed of a washable or reusable material.
This may be helpful in applications where the elements may need to be cleaned after being
stained with blood or otherwise soiled. In various embodiments, one or both of fluid bladder 37
and gas pressure bladder 38 are compliant and formed of flexible material.

[00127]  Asused herein, “flexible” is to be understood as generally used in the art. In various
respects in connection with the materials and structures described herein, “flexible” refers to
tensile bending strength (i.e. can bend transversely) whereas “expandable” refers to stretching.
In various respects, “flexible bladder” refers to a bladder that can be bent and applied to curves
and contours of a body part during use.

[00128] Exemplary fluid bladder 37 includes an inlet 42, outlet 44, and at least one fluidic
channe! 48 connecting the inlet and outlet. The first layer 33 and middle layer 35 are joined
together along a common border to form the fluid bladder. As will be described below, a series
of fences, walls, and other features define a fluid flowpath 50 between the first and middle
layers. “Treatment surface” and “treatment area” are to be understood as broadly used in the art.
In the exemplary case, the treatment surface generally refers to the surface in contact with the
heat exchanger and the body part requiring treatment. This surface is generally bounded by the
border and periphery of the fluid flowpath.

[00129]  As used herein, “fluid flowpath” or “fluid pathway” refers to a general path of the
fluid flow between the inlet and outlet. In a width direction, the flowpath is defined by adjacent
features selected from one of a wall of the bladder, a fence, a weld line, and a combination of the
same. “Fluidic channel” refers to a channel within a flowpath formed between adjacent

attachment points or other features.
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[00130] Referring to FIG. 7 for illustrative purposes, a flowpath 50 is defined by a peripheral

fence 62 adjacent a wall 60 and an interior fence 62 within the fluid bladder. In turn, flowpath
50 is divided into a plurality of fluidic channels 48 by a series of attachment points. The
attachment points connect opposite walls of the bladder in a thickness direction (shown, e.g., in
FIG. 3).

[00131] The exemplary attachment points, generally designated 65, are formed by spot
welding. In various respects, the attachment points are referred to informally as “dots.” The
dots may be performed with conventional techniques such as RF or heat welding. The
exemplary dots are circular based on the nature of the welding process, but one will appreciate
that the dots may have different shapes.

[00132] “Attachment point” is to be understood as used in the art and generally refers to
points that are essentially one-dimensional as opposed to lines, shapes, and other similar
features. The dots are similar in many respects to fences except that they are single points rather
than a shape or line.

[00133] In some respects, “fluidic channel” may refer to the entire flowpath from wall-to-wall
in a width direction or any sub-unit within the flowpath depending in part on the use and position
of fences and dots.

[00134] In various embodiments, the fluid bladder and gas pressure bladder are integrally
formed. In various embodiments, fluid bladder 37 and gas pressure bladder 38 form separate
chambers positioned adjacent each other. In various embodiments, the chambers are generally
parallel to one another and are made so as to preclude fluid communication between the two
during use.

[00135] Exemplary gas pressure bladder 38 is formed by joining middle layer 35 to a second
layer 36 on an opposite side of the middle layer from first layer 33. Thus, exemplary bladders 37
and 38 are formed from three sheets of material joined along a common border (e.g. wall 60).
The gas pressure bladder includes a single port 52 for regulating gas in and out of the bladder.
[00136] In an exemplary embodiment, all layers 33, 35, and 36 are formed of polyurethane
with nylon. Suitable materials for the fluid bladder and gas pressure bladder include, but are not
limited to urethane, polyvinyl chloride (PVC), polyurethane (PU), nylon, and more. In various
embodiments, the fluid bladder and gas pressure bladder are made of a flexible plastic.

[00137] Referring to FIGs. 1-4, inlet 42, outlet 44, and port 52 are housed within or connected
to a single, quick-connect plug or manifold 54. Each exemplary port is formed by a tubular
member, which has one end adapted to receive a hose connector and another end adapted to be
inserted into one of three tubes extending from the bladder as is known in the art. The hose

connector connects the bladders to a hose that in turn connects to pump and control unit 39.
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[00138] In various embodiments, one or more of the manifold fluid inlet 42 and outlet 44

includes a valve configured to allow the passage of fluid therethrough when the fluid hose
connectors are coupled to the manifold and to prevent fluid flow therethrough when the fluid
hose connectors are uncoupled. Suitable valves known in the art may be used such as a poppet
or check valve. The exemplary inlet and outlet include a spring-loaded poppet valve. In this
manner, fluid such as a liquid coolant is blocked from exiting fluid bladder 37 when the fluid
hoses are uncoupled from the manifold. The exemplary gas port does not include a valve.
[00139] In various embodiments, fluid bladder 37 is adapted to receive and circulate a fluid,
such as a coolant, which can be in the form of a cold liquid, to transfer heat away from the
animate body part. Alternatively, the fluid supplied to fluid bladder can have a temperature
higher than the body so as to heat the animate body part.

[00140]  Gas pressure bladder 38 is adapted to receive a gas (e.g. air), which can be regulated
to provide the desired amount of inflation of the bladder or pressure therein. This inflation or
pressure affects the compressive force applied to the fluid body, and consequently the animate
body, during use. Specifically, the gas pressure bladder overlays the fluid bladder as illustrated
in FIG. 4 such that the gas pressure bladder directs gas pressure against the fluid bladder to press
it towards the portion of the body being treated. In various embodiments, the gas pressure
bladder is inflated to a pressure between 0 psig and about 5 psig, preferably between about 0.2
psig and about 3 psig, and more preferably between about 0.25 psig and about 1.5 psig. In
various embodiments, the gas pressure bladder is inflated to a pressure above 5 psig. In general,
the gas pressure bladder is enclosed between sleeve 41 and fluid bladder 37. Thus, the pressure
of the gas pressure bladder is directed to the fluid bladder, which in turn compresses the body
part.

[00141] One will also appreciate that the compressive gas pressure is also based on the middle
layer which forms a common wall with the fluid bladder and gas pressure bladder. In other
words, the middle layer may be configured to adjust the compressive force. As will be apparent
from FIG. 4, for example, a more rigid middle material may adjust the balance between the
pressure in the expanded fluidic channels and gas pressure bladder. The shape of the fluidic
channels will also change. In various embodiments, the flexible material forming the middle
layer is selected based on the desired compressive pressure.

[00142] In various embodiments, the gas pressure bladder is at a lower pressure than the fluid
bladder. In an exemplary embodiment, sleeve 41 holds wrap 30 taut against the body part
requiring treatment. Accordingly, as pressure is applied to gas pressure bladder 38, it has little
room to move and the pressure is directed primarily against the fluid bladder. Thus, even low

pressures in the gas pressure bladder accumulate pressure on the fluid bladder.
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[00143]  One will appreciate from the description herein that the material type and content

may be modified based on the intended operational parameters and desired filling of the fluid
bladder and gas pressure bladder. Moreover, one will appreciate that material selection and the
configuration of the middle layer may be modified depending on the desired interaction between
the gas pressure bladder and fluid bladder. For example, a stiffer middle layer may be used to
distribute pressure from the gas pressure bladder to the fluid bladder more uniformly. The
middle layer and outer second layer also may be selected and configured to control the amount of
“ballooning” of the gas pressure bladder on each side.

[00144] Exemplary wrap 30 includes a plurality of fences 62 and dot connections 65. More
specifically, and with particular reference to FIGs. 2, 3, and 4, a plurality of connections between
walls 60 defining fluid bladder 37 or gas pressure bladder 38 can be provided. The connections
and their method of manufacture are similar in some respects to those disclosed by U.S. Pat. No.
6,695,872 to Elkins and U.S. Patent No. 4,149,541 to Gammons et al., the entire contents of
which patents are hereby incorporated herein for all purposes by reference. Such connections
can minimize or eliminate undesirable ballooning when the fluid and/or gas pressure bladder is
pressurized. In the illustrative embodiment, in which the bladders are formed by RF welding
(see, e.g., FIGs. 10A, 10B, and 10C), reduction of ballooning is achieved by forming some of the
interior connections in the fluid bladder while the materials 33 and 35 are in place as will be
described in more detail below. Other connections, such as the peripheral border and fence, are
formed while the materials 36 and 35 are in place. The result is that many of the connections
extend through the fluid bladder and gas pressure bladder.

[00145] The shape of exemplary gas pressure bladder 38 conforms to the shape of exemplary
fluid bladder 37. Fences or dividers 62 in the fluid bladder are configured to direct fluid flow in
the fluid bladder and can also be provided in the gas pressure bladder. These control fences can
be provided not only for the purpose of directing the flow of a liquid or gas but also to secure the
walls defining the bladder together at various locations within the interior of such bladder. As
described above, these connections can prevent the bladder from “ballooning” thereby
preventing the wrap from conforming to the body part. In the illustrated embodiment, most or
all of the fences in the gas pressure bladder register with the comparable fences in the fluid
bladder.

[00146] Although adding connections provides the above benefits, an excessively large
number of connections can increase the risk of kinking. As the welds takes up a larger
percentage of the treatment surface, the material becomes stiffer. At a certain level, the bladder
becomes so stiff as to be difficult to conform to a body part. As discussed above, a greater

number of connections also reduces the amount of shearing and movement between the material
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layers. Accordingly, various aspects of the invention are directed to the careful configuration of

dot spacing, size, and shape to provide a wrap with good fluid circulation while reducing the risk
of kinking.

[00147] With continued reference to FIGs. 1, 2, 3, and 4, wrap 30 includes a reinforced
portion to increase the wrap’s kink resistance in accordance with various aspects of the
invention. In various embodiments, the wrap includes selective reinforcement. In various
respects, “selectively reinforced” generally refers to providing reinforcement in specific, targeted
locations relative to the remainder of the wrap. In various respects, “selectively reinforced”
generally refers to providing a variable amount of reinforcement along the wrap surface.
“Reinforcement” and “reinforced” are to be understood as generally used in the art and may refer
to modifications and configurations of existing elements and/or the addition of distinct members
to provide reinforcement and/or increase strength. As will be described below, the reinforcement
may be provided in the way of external structural members with increased structural rigidity or a
different configuration of the same materials to resist kinking and/or bending.

[00148] A technique for selective reinforcement of the wrap by adjusting the dot connections
will be described with reference generally to FIGs. 1-7. A wrap in accordance with the invention
may include a selective reinforcement region corresponding to a kink-prone region. As used
herein, “kink-prone region” generally refers to a region presenting conditions conducive to
kinking absent the techniques described herein. “Kink-resistant zone” and “reinforcement
region” generally refer to a zone or local region of the device configured to counteract such
conditions. In various respects, “kink-prone region” and “kink-resistant zone” are used
interchangeably. Functionally, kink resistance may be expressed in terms of increased tensile or
bending strength, or a decreased minimum bend radius.

[00149] As illustrated, for example, by the wrap in FIG. 1, the kink-prone region may
correspond to the body part to which the wrap is applied. The wrap shown in FIG. 1 is a
circumferential wrap which may be applied to an anatomical joint such an elbow or knee. With a
conventional wrap configuration, the fluid bladder risks bunching and forming “wrinkles” with
tight radiuses when the joint is flexed. Along the back of the knee, conventional wraps tend to
collapse because the void formed by the back of the knee removes any support of the fluid
bladder against the compressive air bladder. The exemplary wrap of FIG. 1 incorporates several
of the features described herein to overcome these and other drawbacks of conventional wraps.
[00150] Exemplary wrap 30 includes a reinforcement region having a plurality of fences and
dots in a special configuration to increase resistance to bending or kinking. A portion of the
interior of the fluid bladder 37 away from kinking features include a relatively uniform

distribution of dot connections 65, referred to in some respects as an “open area” or “open field”
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and generally designated 70. In some respects, “open area” or “open field” are to be understood

as generally used in the art and refers to a portion of the flowpath away from a region that is
subjected to folding. In various respects, “opeh area” refers to a portion of the wrap that does not
undergo bending near or beyond a kink radius of the bladder during normal use. The exemplary
bladder also includes a selectively reinforced pattern of dot connections configured to resist
kinking in other portions of the bladder referred to as kink-resistant zones, generally designated
73.

[00151] A traditional method for reducing the likelihood of kinking is to make the entire
bladder more rigid (e.g. assembling from more rigid materials) or avoid bending of the structure
beyond the kink radius, also referred to as the minimum bend radius. By contrast, the internal
structure of the selectively reinforced fluid bladder of FIG. 1 is modified to decrease the kink
radius in the bending region, strengthen the material to limit the local amount of bending, or
both. In various embodiments, the kink radius of the local kink-resistant zone is about 5 mm or
less. In various embodiments, the entire wrap has a kink radius of about 5 mm or less. In
various embodiments, the kink radius of the kink-resistant zone is at least 10% smaller than the
kink radius of any other remaining portion of the wrap, and more preferably at least 25%, at least
50%, or at least 75% smaller.

[00152] As shown in FIG. 7, a series of adjacent dots 65 form an imaginary line. Dots in
alignment form a straight line as denoted by line “A” in FIG. 7. On the contrary, dots in an
irregular or random pattern form a crooked, non-linear line, at best. In the exemplary wraps of
FIGs. 1-7, dots in an open area have a regular pattern that form crossing imaginary lines as
described, for example, in U.S. Patent No. 6,695,872, incorporated herein for all purposes by
reference. In the kink-resistant zones, however, the dots are positioned to avoid forming a
straight line as denoted by line “B” in FIG. 7.

[00153] It has been found that some kinking tends to occur near an apex or corner of flaps of
the fluid bladder (represented, e.g., as “X” in FIG. 5). In various embodiments, the dots are
aligned to direct bending stress away from high stress areas. In various embodiments, the dots
are aligned to limit stress concentrations in the kink-resistant zone. As the flap is folded, the
material wants to form along a so-called “hinge line” between the weakest points, in the
exemplary case, two corners depicted by line “C” in FIG. 7. Accordingly, the selectively
reinforced dot pattern may be positioned to form a line of weakness to direct bending stress away
from the apexes and into an open field where the material has more room to bunch up.

[00154] In various embodiments, the dots in a kink-resistant zone are aligned in a pattern to
form an imaginary line orthogonal to a local fence or wall. In various embodiments, the dots are

positioned to control bending along a line at an obtuse angle to the fluid flow. In various
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embodiments, the dots in a kink-resistant zone are positioned without any linear arrangement. In

other words, the dots form an imaginary line that is non-linear. As shown, for example, in FIG.
7, non-linear line “B” is crooked and does not extend in any single direction.

[00155] In various embodiments, the selectively reinforced dot pattern is aligned over a
fluidic channel and/or fluid flowpath. In various embodiments, the selectively reinforced dot
pattern is positioned entirely within a fluid flowpath. In various embodiments, the selectively
reinforced dot pattern overlaps two or more fluid flowpaths.

[00156] Referring to FIGs. 2 and 7, dots 65 may have various positions and configurations. In
various embodiments, the dots have different diameters. In various embodiments, the average
dot diameter is larger in a local region of bending than in open areas. In various embodiments,
the dot diameter is variable. As shown in FIG. 2, the dot diameter may generally decrease
moving in a direction away from a local fence or wall and towards an interior of the bladder. In
various embodiments, the dot diameter generally decreases moving in a direction from a fluid
pathway wall towards a middle of the pathway. In various embodiments, the local spacing
between dots is proportional to the diameter of the dots. In various embodiments, the spacing
between the dots generally increases as the diameter of the dots decreases. These and other
configurations may further act to preferentially reduce stress concentrations and increase kink
resistance.

[00157] Reiterating the description above and with reference to FIGs. 1-4, exemplary fluid
flowpath 50 is defined by a space between first outer layer 33 and middle layer 35 on a top and
bottom and walls 60 and fences 62 on each side. Within the flowpath, attachment points (dots)
65 further define a plurality of fluidic channels 48. As shown in FIG. 4, the fluidic channel is
surrounded by materials 33 and 35. The attachment points pinch shut the bladder to form the
fluidic channel. As shown in FIGs. 3 and 4, the width of the fluid pathway thus comprises
alternating fluidic channels and weld spots. Accordingly, the fluidic channel dimension is based
on the location of the dots. The dimensions are also a function, to an extent, of the elasticity of
the materials 33 and 35 and pressure in the respective channel. In various embodiments, the
second outer layer 36 and middle layer 35 are formed of a material that is relatively resistant to
stretching, for example, on the order of millimeters of stretching over the entire length of the
wrap.

[00158] Conventionally, dots were added to bladders and expandable fluid chambers to
reduce the effects of “ballooning.” The dots also tended to be distributed across the bladder in a
somewhat uniform and proportional manner based on a simple view of cost and
manufacturability. For example, previously the dot diameter could be based on tooling costs and

overall bladder size. The dot configuration in accordance with the present invention, by contrast,
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generally reduces the occurrence failure modes while maintaining or improving performance. In

various respects, the dot configuration takes into account several performance and operational
concerns in addition to manufacturing concerns.

[00159] As discussed above, the dot configuration may be important to increasing kink
resistance while maintaining effective heat exchange performance. Several considerations are
taken into account in selecting the dot spacing, size, and other factors. In general, the various
factors must be within a specific range to achieve optimum performance. By example, it is
understood that increasing the dot size can provide a stronger weld, but it has been found that
increasing the size above a certain level decreases performance because the bladder becomes too
rigid. In part, it is believed that the bladder becomes too rigid to conform and compress around
the body part. Similarly, decreasing the weld size may reduce kinking at the expense of weld
strength. Accordingly, the dot configuration described below involves the careful and complex
balancing of many factors. |

[00160] FIG. 4 is a representative sketch of a typical series of fluidic channels and gas
pressure channel in a kink-resistant zone. As shown in FIG. 4, a first fluidic channel has a width
“d1” and height “h1” when filled with fluid. A second fluidic channel has a width “d2” and
height “h2”. The diameter of dots 65 are represented as widths “D1” and “D2” in the figure.
Likewise, the cross-sectional area of each fluidic channel is based on d and h. As used herein,
“average” refers to an average within a local reference area. For example, an average dot
diameter in the exemplary view of FIG. 4 is the average of D1 and D2.

[00161] In various embodiments, d1 and d2 are essentially equal. In various embodiments,
d1 and d2 are different. In various embodiments, D1 and D2 are essentially equal. In various
embodiments, D1 and D2 are different.

[00162] In various embodiments, h is variable through the kink-resistant zone, open areas, or
both. In various embodiments, H is variable through the kink-resistant zone, open areas, or both.
In various embodiments, h is about .1 inch, and more preferably .175 inch.

[00163] In an exemplary embodiment, the dots have an average diameter between about 0.05
inch and about 0.2 inch in open areas. In an exemplary embodiment, the dots have an average
diameter of about 0.09 inch in open areas. In various embodiments, the average diameter is
larger in a selected kink-resistant zone than in open areas.

[00164] In various embodiments, the dots in the kink-resistant zone have a diameter in a range
of between about 0.15 inch and about 0.4 inch, preferably between about 0.15 inch and about
0.35 inch, more preferably between about .15 inch and about 0.2 inch, and more preferably
between about 0.16 inch and about 0.2 inch. In various embodiments, the dots in the kink-

resistant zone have an average diameter of about 0.15 inch. By comparison, conventional wraps
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typically have a smaller or larger dot diameter. One example of a conventional wrap includes a

fluid bladder with dots have an average diameter of about 0.5 inch.

[00165] The dots may be formed from a conventional tool. In various embodiments, the dots
in the kink-resistant zone are formed from a tool die that has a diameter of about 0.093 inch. In
various embodiments, the tool die diameter is about 0.09 inch. In various embodiments, the tool
die diameter is in the range of between about 0.05 and about 0.25 inch.

[00166] In various embodiments, the welding parameters are varied to achieve a dot diameter
of between about 0.15 inch to about 0.2 inch. In various embodiments, the dots in the kink-
prone region and open areas are formed by the same tool but with different processing
conditions. For example, the same tool can be used across the entire wrap but the weld
temperature and/or time may be increased in the kink-resistant zone to produce larger dots.
[00167] In various embodiments, the dot connections in the kink-resistant zone are positioned
and configured to maintain the average fluidic channel cross-sectional area above a
predetermined threshold. In various embodiments, the dot connections in the kink-resistant zone
are positioned and configured to maintain the cross-sectional area of each of the fluidic channels
above a predetermined threshold. In various embodiments, the dot connections in the kink-
resistant zone are positioned and configured to maintain the average fluidic channel cross-
sectional area below an upper predetermined threshold. In various embodiments, the cross-
sectional area of the fluidic channels in the kink-resistant zone is about 0.02 sq.-in, and more
preferably 0.0254 sq.-in.

[00168] At a certain fluidic channel volume, the performance of the wrap is negatively
affected. For example, an excessively large cross-sectional area of the fluidic channels (such as
by providing a very high “h” value, “d” value, or both) leads to high fluid volume in the wrap.
When the volume is too high, the heat exchange fluid takes undesirably long to circulate through
the wrap and becomes difficult to maintain to provide effective therapy even when adjusting the
inlet temperature. For example, it has been found that a fluid bladder having a fluid volume of
4000 mL/m? exhibits poor heat exchange performance compared to the exemplary wrap 30.
Also, at such large fluid volumes the wrap loses the ability to conform to a complex shape at
higher pressures. In the example above of a bladder with 4000 mL/m?, the pressure typically
must be low, in the range of 5 psi to maintain flexibility. At low pressures, however, heat
exchange is decreased and the time to circulate fluid through the wrap is increased significantly.
By contrast, the exemplary wrap allows for smaller fluidic channels without the risk of buckling

of the channels at water volume levels having good operational performance.
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[00169] In various embodiments, the cross-sectional area of the fluidic channels in the kink-

resistant zone is in a range between about 10 mm? to about 40 mm?, preferably about 15 mm? to
about 25 mm®.,

[00170] In various embodiments, the distribution of dot connections is varied across the fluid
bladder to achieve kink resistance in selected areas. For example, as shown in FIG. 6 described
below, the distribution of dots in the kink-resistant zone is lower than in the open areas. In this
manner, the fluidic channels have a larger cross-sectional area in the kink-resistant zone to
reduce the risk of occlusion and/or increase the restoring force from the fluid in the channel.
[00171] It has been found that the total fluid volume relative to the treatment area of the fluid
bladder can be important in certain applications. This ratio may be referred to in terms of total
volume of the fluid bladder in liters relative to a flat treatment surface area of the bladder in
square meters. In various embodiments, this fluid volume/treatment area ratio at about 10 psi is
between about 1000 mL/m? and about 2000 mL/m?, preferably between about 1000 mL/m? and
about 1500 mL/m?, and more preferably between about 1200 mL/m? and about 1500 mL/m? By
contrast, conventional fluid bladders typically have a low fluid volume relative to the treatment
area or a very high fluid volume relative to the treatment area. In one example of a conventional
liquid bladder, the fluid volume/treatment area ratio is well below 1000 mL/m? at 10 psi, and in
one example, 800 mL/m?2. In another conventional example, the fluid volume/treatment area
ratio is over nearly 3000 mL/m? at 5 psi, nearly 4000 mL/m? at 10 psi and nearly 4500 mL/m” at
15 psi. Moreover, because conventional liquid bladders aim to have generally uniform dot
connection distributions (and likewise fluid channel size), conventional bladders fail to realize
the many benefits of selective reinforcement described herein even if the total fluid volume is
changed.

[00172] As explained above, the fluidic channel width informs the cross-sectional area of the
fluidic channel, which affects flow rate, pressure, and other parameters. In an exemplary case
utilizing dot patterns, the channel width is based on the positioning and spacing of dots. One
will appreciate that even small changes in the dot spacing and diameter can have large affects on
the fluid flow. For example, even if the height remains the same, a small change in the fluidic
channel width has a relative large affect when multiplied by the number of fluidic channels.
Thus, the dot spacing and dot diameter may be critical to optimizing performance.

[00173]  As explained above, the edge-to-edge spacing of the dots (e.g. d1 in FIG. 4) generally
corresponds to the fluidic channel width. In various embodiments, the average edge-to-edge
spacing between adjacent dots in a kink-resistant zone is between about .35 inch and about .75
inch, preferably between about .35 inch and about .5 inch, and more preferably .425 inch. In

various embodiments, the average edge-to-edge spacing between dots in a kink-resistant zone is
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235 inch. In various embodiments, the average center-to-center spacing between dots in a kink-

resistant zone is between about .15 inch and about .5 inch, preferably about .2 inch and about .5
inch, more preferably between about .2 inch and about .25 inch, and more preferably about .155
inch. In various embodiments, average spacing between dots in the remainder of the fluid
bladder aside from the kink-resistant zone is less than about .35 inch, and preferably about .33
inch.

[00174]  As used herein, “adjacent dots” generally refers to dots immediately adjacent one
another. The dots may be oriented laterally or longitudinally (e.g. FIG. 4) or diagonally. In
various respects, “spacing” refers to the minimum distance between the dots.

[00175] In summary, the exemplary wrap of FIG. 1 is configured to reduce or eliminate
kinking during use. The exemplary wrap provides a kink-resistant zone wherein the regular
pattern of attachment points is interrupted. In the open areas of the fluid bladder, attachment
points may be formed as disclosed by U.S. Pat. No. 6,695,872 to Elkins. In the Elkins wrap, the
matrix of connections, attachment points and curvilinear fences, acts to disperse the liquid
throughout the bladder and redirect the flow of a liquid as necessary. In various embodiments,
the same principles are used to guide the design of dot connections in the open areas of wrap 30.
In various embodiments, the exemplary wrap 30 has dots formed in a triangular grid in open
areas 70.

[00176] By contrast, the exemplary wrap has a dot configuration to increase kink resistance in
kink prone regions. In various embodiments, the attachment points of wrap 30 have an irregular
pattern and configuration in a kink resistant zone. In this kink-resistant zone, the attachment
points are arranged differently than in the remainder of the wrap. The exemplary wrap is
reinforced by dimensioning, positioning, and configuring the attachment points to resist kinking
in the selected local zone(s) as described herein. Any of the above ranges—dot diameter, dot
spacing, volume/surface ratio, and the like—may be used in any combination in accordance with
the invention.

[00177] The reinforced wrap in accordance with the above provides several advantages over
conventional wraps with dot patterns. For one, the wrap may realize the advantages of a uniform
distribution of dots in open areas (e.g. effective redirection of fluid flow) while reducing the risk
of kinking in selected areas. The selective distribution and configuration of dot connections may
increase flow in open areas while maintaining efficient flow in kink-prone areas even when
placed in compression and/or bent. The wrap in accordance with the invention may also have
improved fluid circulation and performance. Specifically, the wrap may avoid undesirable cold

spots, negative flow turbulence, and/or fluid blockages in comparison to existing wraps.
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[00178]  An exemplary use of a modular therapy apparatus in accordance with the invention

will now be described with reference to FIG. 1. This example is provided for illustration and is
not intended to limit the scope of the invention. Exemplary wrap 30 is shown in the open state in
FIG. 1. The open wrap is positioned adjacent a portion of a human patient’s leg requiring
treatment. The exemplary wrap includes a fastener so the wrap can be rolled and coupled around
the leg in a manner similar to that described in U.S Patent Pub. No. 2005/0256556, the entire
contents of which are incorporated herein for all purposes by reference.

[00179] The wrap is then connected to control unit 39. The exemplary control unit includes a
mechanism for cooling and circulating a liquid coolant. The exemplary control unit includes a
fluid reservoir for containing ice water and a pump. In a practical realization of this
embodiment, the liquid is cooled tap water and the gas provided to gas pressure bladder 38 is air.
The liquid for fluid bladder 37 is cooled by placing ice into an ice box portion of the control unit,
resulting in temperatures ranging typically between about 32° F. and about 50° F. In various
embodiments, the liquid is supplied to the fluid bladder at a pressure in the range between about
5 psi and about 20 psi, between about 10 psi and about 20 psi, between about 15 psi and about 20
psi, or at an average of about 19 psig.

[00180]  The user turns on the control unit and selects desired settings to circulate fluid to fluid
bladder 37. In the exemplary case, the control unit receives and recirculates liquid returned from
the fluid bladder. The control unit is also capable of controlling the temperature of the liquid to
the fluid bladder.

[00181] The exemplary control unit also includes an air pump and controller. Air is pumped
into gas pressure bladder 38 and the pressure in the bladder is controlled by the control unit
thereby regulating compressive pressure on the fluid bladder. The pressure of air furnished by
the control unit is generally between about 0 to about 2 psig, and preferably between about 0.25
to about 1.5 psig. As a result of the exemplary selective reinforcement dot pattern, the wrap can
operate at lower fluid volumes, lower fluid pressure, and/or increased compressive force without
a commensurate risk of kinking.

[00182] It should be noted that the invention is applicable to many other types of therapy
components, and the particular liquid, its temperature, and pressure will be dependent upon the
design and purpose of such therapy components. This is also true of the air pressure, and in some
instances, it is cycled between two pressures.

[00183] Typically, the treatment area of the wrap will range from about 0.15 sq.-feet to about
6 sq.-feet. In the case of a knee application as described above, this area will be about 3 sq.-feet.

In the case of an elbow, this area will be about 1 sq.-feet to 1.5 sq.-feet. In turn, one will
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appreciate from the description herein that the size and shape of the treatment area and fluid

pathway influence the desired inlet temperature and flow rate settings, among other settings.
[00184] FIGs. 5 and 6 illustrate wraps and constituent components having various shapes to
accommodate different animate body contours. FIG. 5 illustrates a wrap 30b configured for
applying to a body of a canine. Wrap 30b is similar in many respects to wrap 30 described
above except that the fluid bladder, gas pressure bladder, and sleeve have a shape to
accommodate a canine body or body part. The peripheral border is modified to enable wrapping
to the body, in the exemplary case a four-flap, cloverleaf-type shape. Each of the flaps are
shaped to wrap around the canine body part.

[00185] Wrap 30b includes a dot matrix similar to wrap 30 described above. A fence 62b
extends through a central interior of the wrap to define a fluid pathway that snakes around the
periphery of the wrap. A peripheral fence 62b’ extends around the wrap border. Both fences
have a generally curvilinear shape. As shown in FIG. 5, dots 65b cover the entire fluid bladder.
[00186] Unlike wrap 30, however, wrap 30b has a considerably smaller area and thus does not
have any significant and discernible open areas. For this reason, the dots are configured to form
a selectively reinforced region that comprises a large portion or all of the fluid bladder. In
particular, the kink-prone regions generally are located around the slits defining adjacent edges
of the flaps, and especially the apex of the slits positioned inward of the border.

[00187]  As will be understood from the figure and description above, a wrap may have
several kink-prone regions having different relative levels of risk of kinking. The central region
62b of the exemplary wrap is especially prone to kinking because the material width is narrowed
and subject to considerable bending, referred to as a “necking” region. The amount of area to
accommodate bending in the central region is also divided by fence 62b. The central region also
tends to undergo twisting and bending in more than one direction. The material adjacent the flap
edges but further towards the outer periphery, however, generally has a lower relative propensity
to kink.

[00188]  As shown in FIG. 5, the dots in the central region have a skewed pattern that avoids
or reduces the probability of hinge lines forming near the center, generally designated 81, which
is a high stress concentration area. Instead, stresses that build during bending find their way
along dots away from the narrowed central region.

[00189] In various embodiments, the selectively reinforced dot pattern is configured to
increase the local tensile strength by at least about 10%, and more preferably at least about 20%,
at least about 50%, at least about 75%, at least about 100%, or at least about 150%. In various
embodiments, the selectively reinforced dot pattern is configured to increase resistance to

kinking by at least about 10%, and more preferably at least about 20%, at least about 50%, or at
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least about 75%, at least about 100%, or at least about 150%. In various respects, resistance to

kinking refers to the occurrence of measurable kinking or kink failure during use. In various
embodiments, the selectively reinforced dot pattern is configured to reduce the risk of kinking by
at least about 10%, and more preferably at least about 20%, at least about 50%, or at least about
75%.

[00190] FIG. 6 and 7 illustrates a wrap 30c configured for applying to a human. Wrap 30c is
similar in many respects to wrap 30 described above except that the fluid bladder, gas pressure
bladder, and sleeve have a shape to accommodate application on a human shoulder.
Accordingly, the wrap has a more complex shape.

[00191] FIG. 7 is an enlarged detail view of one of the primary regions otherwise prone to
kinking. As discussed above, for purposes of illustration of the principles herein, exemplary
wrap 30c includes a series of dots in this region, some of which have conventional positioning
(e.g. line “A”) and some of which have positioning to reduce the likelihood of kinking (e.g. line
“B”). Line “C” illustrates the natural hinge line determined by the shape of the wrap. The
exemplary non-linear positioning of the dots of line “B”, reduces the likelihood of bending
focusing along line “B”. Instead, the bending stress will find a path along dots that are directed
towards an open area. By contrast, bending is likely to occur along linear line “A”.

[00192] FIG. 8 illustrates another wrap 30d in accordance with aspects of the invention.
Wrap 30d is similar in many respects to wrap 30 except that wrap 30d includes a separate and
distinct structural member to provide selective reinforcement instead of a variation in the weld
pattern, materials, and the like.

[00193] Wrap 30d includes a fluid bladder 37d and one or more reinforcement members 101.
The fluid bladder includes an inlet 42d and outlet 44d. A heat exchanging fluid from a reservoir
is introduced to the bladder through the inlet, typically using a pump. Exemplary outlet 44 is
connected to the reservoir so fluid is returned and recirculated.

[00194] In various embodiments, reinforcement member 101 is attached to a side of the fluid
bladder opposite from the bladder’s treatment side. In an exemplary embodiment, reinforcement
member 101 is positioned between fluid bladder 37 and gas pressure bladder 38. The
reinforcement member may be integrated with or attached to one side of middle layer 35 (shown,
e.g., in FIG. 3). In an exemplary embodiment, the reinforcement member is attached to a gas
side of the middle layer and actually disposed within what becomes the gas pressure bladder. In
various embodiments, the reinforcement member is carried by a substrate in a reinforcement
layer. The optional reinforcement layer is assembled within the wrap similar to the first, middle,

and second layers.
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[00195]  FIG. 3 shows an exemplary positioning of reinforcement member 101. In the

exemplary wrap of FIG. 3, a reinforcement member is positioned within gas pressure bladder 38.
In the exemplary configuration, if the gas pressure bladder is collapsed, the reinforcement
member will be placed in compression and prevent total closure of the gas channel. Instead, the
edges of the reinforcement member will retain some space for the gas to flow through the
bladder thus preventing total blockage. The reinforcement member may be carried on a substrate
that has a width corresponding to the pressure bladder to enable relative positioning of the
reinforcement member in the bladder.

[00196] FIG. 8 illustrates a wrap 30d with several kink-resistant zones 73d including separate
reinforcement members 101. The exemplary reinforcement members have elongated shapes and
are essentially aligned with a direction of flow. One of the reinforcement members is essentially
straight. The others have an irregular shape with curves, corners, and the like.

[00197] The reinforcement members may have a variety of shapes and sizes. The exemplary
reinforcement members 101 are substantially planar to facilitate attaching to the fluid bladder
and maintain a lower profile of the wrap. The thin shape may also reduce wrinkling in the wrap.
However, one will appreciate that the reinforcement members may have a three-dimensional
shape with a thickness such as a rod, a bar, a box, and more.

[00198] The reinforcement members 101 generally impart increased strength to the local
region where they are positioned. In various embodiments, the reinforcement members have a
bending stiffness or tensile strength at least an order of magnitude higher than the fluid bladder.
In various embodiments, the reinforcement members are configured to increase the local tensile
strength of the resulting wrap by at least about 10%, and more preferably at least about 20%, at
least about 50%, at least about 75%, at least about 100%, or at least about 150%. In an
exemplary embodiment, the reinforcement member has a significantly higher hardness
(durometer) than the sleeve, fluid bladder, and/or gas pressure bladder. In an exemplary
embodiment, the sleeve comprises nylon with a skim coat or vapor barrier and the fluid and gas
pressure bladder comprise urethane with a stiffener (e.g. nylon). In turn, the exemplary
reinforcement member has an increased thickness, higher material strength, or both. In an
exemplary embodiment, the reinforcement member has a thickness comparable to the bladder
materials and is formed of a high nylon content material.

[00199]  In various embodiments, the wrap includes a reinforced dot pattern and a discrete
reinforcement member. A region of the reinforced dot pattern may be positioned in various ways
with respect to the one or more reinforcement members. The reinforced dot pattern region may
be larger than the reinforcement member, the same size, or smaller. The reinforced dot pattern

region may overlap the reinforcement member. The reinforcement member may overlap the
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reinforced dot pattern region. The reinforcement member and reinforced dot pattern may be

aligned and positioned in the same region.

[00200] In various embodiments, the chambers of the fluid bladder and gas pressure bladder
comprise primarily flexible materials and the reinforcement member is a formed of a rigid
material. The exemplary wrap 30d includes a sleeve formed of flexible nylon loop material, a
fluid bladder and gas pressure bladder formed of polyurethane-based materials, and a
reinforcement member formed of metal. Suitable materials for the reinforcement member
include, but are not limited to, metals, alloys, thermoplastics, ceramics, shape memory materials
(e.g. nickel titanium), open cell foam, “scrubby pad”, and more.

[00201] In some respects, the reinforcement members may be similar in shape, structure, and
overall design to reinforcements in other fields. For example, the reinforcement member may
have a waffle shape, I-beam shape, or cross-beam to achieve the desired amount of structural
strength.,

[00202] In various embodiments, the reinforcement member is shaped and configured based
on the anatomy of the body part. For example, in the case of a knee wrap, the reinforcement
member may have a curved shape to better conform to the knee when bent. In this case, the
curve may have an arc angle to allow bending to a predetermined angle but resist further local
bending, for example, past a minimum bend radius (kink radius). In the example of a knee wrap,
a reinforcement member positioned around the knee may be used to promote a more uniform
bend or curve and prevent wrinkle-type kinks.

[00203] In various embodiments, reinforcement member 101 is a batten. The batten may be
flexible in one direction of bending and rigid in another direction. In another embodiment, the
reinforcement member is an adhesive. In this case, the fluid bladder is bonded to another
member have a high tensile strength in a manner that prevents shearing of one member relative
to another thereby resisting bending. In other words, as the flexible bladder is bent, the other
material counteracts the bending force of the inner bladder material as it is pulled in tension and
limits the bend radius. The reinforcement member may be one or more of a batten, a weakened
section or line, an exoskeleton, a ribbon, a tubular member, a helical member, a spring, a bar
linkage, and the like. In the example of an exoskeleton, the reinforcement member may include
a rigid frame or skeletal structural to increase the rigidity and/or bending strength of the selected
region in which it is placed. The member may be shaped so it is positioned around the dots in
the bladder. Thus, the reinforcement member may be placed in the mold before forming the dots
and fences. One of skill in the art will appreciate from the description herein the manner for
selecting materials and configuring the reinforcement member to achieve the desired level of

reinforcement.
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[00204] In the exemplary embodiment, each of reinforcement members 101 is positioned

entirely within or along a fluidic channel 48d. The members, however, may also overlap
multiple channels. This may be desirable where the kink-prone region relates to a feature that
risks kinking in multiple fluidic channels or fluid pathways. For example, in the case of a knee
wrap, the apex of the bend corresponding to the knee cap may overlap multiple fluid pathways.
[00205] FIG. 9 illustrates a wrap 30e configured and constructed similar to the wrap 30d
described above and shown in FIG. 8. Wrap 30e includes four reinforcement members 101.
[00206] The exemplary reinforcement members are strips welded or bonded to the gas
pressure bladder. The exemplary strips comprise stiffened urethane. The exemplary
reinforcement members have essentially the same bending strength, but one will appreciate that
they may have different strengths. Moreover, each reinforcement member may have a different
or variable bending strength along its length.

[00207] Each of the exemplary reinforcement members spans the entire width of the wrap
from border-to-border and is generally aligned within a lateral fluid flowpath 50. Likewise, the
reinforcement members are parallel to the direction of wrapping. Alternatively, the
reinforcement members may have a serpentine shape that corresponds to the serpentine fluid
flowpath. The exemplary wrap is designed to wrap around a straight body part like a leg. When
the wrap is fastened to the body part, the reinforcement members form circular rings around the
body part. Accordingly, the reinforcement members selectively reinforce the flowpath and resist
bending in a transverse direction to the flowpath. Similarly, the reinforcement members may be
configured to resist bending (increase tensile strength) in one or two bending directions but not
in the other directions.

[00208] In operation and use, wraps 30d and 30e of FIGs. 8 and 9 having reinforcement
members are used in a similar manner to wrap 30 described above. A user applies the wrap to
the body part to be treated. The wrap is connected to a reservoir, pump, and other system
components. The user then turns on the system to flow fluid to the wrap for therapy.

[00209] One will appreciate from the description above various techniques for increasing the
bending strength and resistance to kinking in selected regions of the fluid bladder, and in various
respects, the therapeutic wrap. As described above, the kink-resistant features are confined to a
specific region of the fluid bladder. The positioning and area of a selective kink-resistant zone
may depend on whether it is desirable to reinforce a specific fluid pathway or a general region of
bending in the bladder. In various embodiments, the kink-resistant features are aligned within a
fluidic channel or fluid pathway. In various embodiments, the kink-resistant features are aligned
entirely within a fluidic channel or fluid pathway. In various embodiments, the kink-resistant

features overlap multiple fluidic channels or fluid pathways.
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[00210] In various embodiments, the kink-resistant zone is distal from the inlet and the outlet.

As shown in FIGs. 5 and 6, for example, dot connections immediately adjacent inlet and outlet
manifold 54 have regular dot patterns forming an essentially equilateral triangular pattern.
[00211] In various embodiments, the fluid bladder and/or wrap includes a kink-resistant zone
employing any combination of the above features. In various embodiments, the fluid bladder
and/or wrap includes a plurality of kink-resistant zone employing any combination of the above
features. The kink-resistant zones may be spaced from each other or directly adjacent one
another. The features of the kink-resistant zones may be contiguous but separate elements. The
features of the kink-resistant zones may be integrally formed thereby forming an integrated kink-
resistant zone. In various embodiments, a sleeve and/or reinforcement layer embodying any of
the features described herein is provided.

[00212] A method of making and assembling the selectively reinforced therapeutic wrap in
accordance with the invention will now be described. The wrap may be manufactured using the
techniques described above and known in the art in accordance with the description herein.
[00213] For illustrative purposes, the method of manufacturing a wrap similar to that shown
in FIG. 9 will be described. One will appreciate that the method may be modified to
manufacture any of the wraps and heat exchange devices described herein. For example, the
method may be modified to manufacture a heat-exchanging fluid bladder without a gas pressure
bladder or sleeve.

[00214] FIGs. 10A, 10B, and 10C illustrate the general process for manufacturing a wrap
similar to that shown in FIG. 9. The exemplary wrap includes reinforcement members 101
positioned adjacent middle layer 35e and in the gas pressure bladder 38e.

[00215] FIG. 10A illustrates a dot layer processing operation. The first outer layer 33e is
aligned with a middle layer 35e. The sheets of material are sealed together at dot connections
65e and at interior fences 62e thereby forming the basic outline of the fluid flowpath and fluidic
channels. At a later time, wall 60e’ is welded to other walls 60e along the perimeter to form the
fluid bladder. The dot connections and fences are generally prepared using conventional
techniques. In one embodiment, the connections are formed by RF welding.

[00216] The exemplary materials for the gas pressure bladder and fluid bladder are made of a
nylon material coated with polyurethane to provide both the RF welding qualities and the needed
liquid or air impermeability.

[00217] In one embodiment, the bladders can comprise fabrics (e.g., nylon fabric) that are
laminated with asymmetric amounts of polyurethane. For example, the inner surface of the outer
wall of the coolant chamber may have an extra heavy coating. In one example, the outer coating

comprises about 5 oz of polyurethane while the inner surfaces of the other walls have standard
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coatings corresponding to about 3 oz of polyurethane. Accordingly, the surfaces of the inner wall

of the coolant and air chambers and the inner surface of the outer wall of the air chamber have
standard 3 oz coatings. This construction only requires one non-standard fabric (the fabric
having the 5 oz coating), while providing the extra polyurethane necessary to produce an
extremely robust weld capable of taking or withstanding over 25,000 cycles at 30 psi. This
construction can reduce manufacturing costs. It also facilitates using a lighter weight fabric,
which can result in a more flexible heat exchanger that can better fit to the body.

[00218] In another embodiment, the inner wall of the coolant chamber has a 5 oz coating of
polyurethane in order to facilitate a yet stronger bond at the expense of increased manufacturing
costs due to the use of a second non-standard fabric. A finish on the nylon material can also
provide a permanent antimicrobial finish to prevent mold growth.

[00219] FIG. 10B illustrates a fence layer of the manufacturing process. In FIG. 10B,
reinforcement members 101 are positioned over middle layer 35e and affixed with common
techniques such as epoxy or welding. The reinforcement members are aligned with the fluid
flowpaths in the desired locations.

[00220] Next, second outer layer 36e is positioned over the sealed first layer 33e and middle
layer 35e. As shown in FIG. 10B, the exemplary three sheet layers have essentially the same
shape to enable easy alignment. With the three layers and reinforcement members in position,
all the layers are sealed together along a common border and peripheral fence 62e. The sealing
along the common border simultaneously forms the gas pressure bladder and fluid bladder. A
space is left in the common border to accommodate the inlet and outlet ports for the bladders.
[00221] The reinforcement layers may be assembled in various other ways. In various
embodiments, the wrap includes a reinforcement layer having a substrate supporting one or more
reinforcement members in selected locations. The substrate enables easier assembly, in part, by
making it easier to align the reinforcing member or members with the fluid bladder and gas
pressure bladder. The substrate and reinforcing member may be joined together permanently,
removable, or otherwise separate. In various embodiments, the substrate dimensions correspond
to the fluid bladder periphery and inner dimensions of the sleeve such that the reinforcing layer
can be aligned simply be inserting it into the sleeve pouch next to the fluid bladder. In the
exemplary wrap, the substrate is dimensioned to be applied over the fluid bladder whereby the
reinforcing member or members align with the desired fluidic channels.

[00222] Similarly, the reinforcement layer and/or reinforcement members may be formed
concurrently with the bladder. Other manufacturing techniques include, but are not limited to,
spraying, molding, silk screening, and adhesives. One will appreciate that manufacturing

techniques common in the polymer and semiconductor fields may also be used such as etching,
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deposition, and lithography. Further details regarding the components and manufacturing

techniques that may be used are disclosed in U.S. Patent No. 7,198,093 to Elkins, the entire
contents of which are incorporated herein for all purposes.

[00223] Turning to FIG. 10C, after forming the bladders, excess material outside the common
border is removed and manifold 54 is formed. Exemplary gas pressure bladder 38e is formed
with a single opening and fluid bladder 37e is formed with two openings to receive the tubes in
the orientation shown in FIG. 10C. A tube, such as a polyurethane tube, is positioned in each
one of these openings and then welded to a respective bladder to form a fluid tight seal
therewith. The tubes extending from the bladders typically have an inner diameter of about 1/8
inch. The manifold passageways typically have a diameter of about 1/4 inch. ‘Manifold 54 can
be inserted into the tubes to form a seal therewith. For example, each manifold tubular member
end portion that mates with or is inserted into a respective tube extending from one or the other
bladder can be provided with tapered hose barbs to enhance the seal as is well known in the art.
Further details regarding the manifold construction are disclosed in U.S. Patent Pub. No.
2009/0005841 to Schirrmacher et al., the entire contents of which are incorporated herein for all
purposes by reference. A fluid circulation control unit as diagrammatically represented in FIG. 1
and generally designated with reference numeral 39 is coupled to manifold 54 with tubing to
fluidly communicate the therapy fluids to bladders 37 and 38.

[00224]  Although described in terms of a three-layer, dual-bladder design, one will appreciate
that the wrap and therapy system in accordance with the invention may have other variations and
modifications. In one example, although the wrap and therapy system described above generally
has been described with a dual bladder design, a single bladder heat exchange device can be
used.

[00225] In another embodiment, the wrap in accordance with the invention is selectively
reinforced by subjecting a selected portion of one or both of materials 33e and 35e to stretching
or pre-tensioning. One of skill in the art will appreciate that if one side of the bladder 37e is
stretched relative to the other, the bladder will tend towards a curved shape. Likewise, selective
pre-tensioning will form a selective contour. In various embodiments, the pre-tensioning is
performed to form a predetermined curve in the resulting bladder that has a propensity to wrap
around a body part. The predetermined curve may have a radius slightly larger than the body
part so it provides a degree of tension when wrapped while also reducing the risk of kinking.
[00226]  Alternatively, the resulting bladder may be formed in a substantially flat shape with
one wall or a portion of the bladder under stress (tension). The tension is then relieved when the

bladder is forced around a body part. For example, one of the sheet materials may be tensioned
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but held in a flat condition by the joining to the other sheet material. In another example, the

bladder may include a reinforcement member to hold the resulting bladder in a flat condition.
[00227] The pre-tensioning may be performed in an otherwise conventional manner as will be
understood from the description herein. For example, the material or materials may be placed in
a mold and elongated or stretched. The material may also be heated to expand the dimensions
and assembled while still expanded. The material may be anisotropic.

[00228] In an exemplary embodiment, a selected portion of first material 33e in a kink-
resistant zone is subjected to pre-tensioning. Alternatively, pre-tensioning may be applied to an
entire layer of material. While the material remains in tension it is attached to middle layer 3Se.
The attachment may include forming a dot pattern, fence layer, and the like as described above.
The attachment may also be in an otherwise conventional manner. Next the second outer layer is
attached to the middle layer and the manufacturing process is carried out as described above.
[00229] In the exemplary embodiment, the second outer layer and/or attachment connections
keep the finished wrap in a generally planar state. When the wrap is placed around a curved
body part, however, the tension in the pre-stretched kink-resistant zone is relieved. In this
manner, the risk of kinking of the material is reduced without the need for a specially-configured
dot pattern or external reinforcement member. In various embodiments, heating is performed in
addition to or in place of pre-tensioning.

[00230] The above process may be modified. For example, the first and second bladder may
be formed simultaneously while the first material is pre-tensioned. Additionally, the middle
layer and second layer may include a selected pre-tensioned region instead of or in combination
with the first layer.

[00231] FIGS. 10D-G illustrate an embodiment of a reinforcement member 101 which can be
disposed within the gas pressure bladder to prevent or reduce kinking in the gas bladder 38e.
The reinforcement member 101 can be a foam or sponge-like material having an open cell or
porous structure that is gas permeable and allows the passage of a gas through itself while
keeping the gas bladder 38e open. In some embodiments, the reinforcement member can also be
of a spacer fabric, mesh or non-porous material. The reinforcement member 101 can be
positioned along locations which are prone to kinking, such as at portions of the wrap 30 that are
folded or bent to conform to the patient’s anatomy and/or to secure the wrap and/or are subject to
flexure. For example, for a knee wrap, the portion of the wrap around the knee joint undergoes
joint flexure, which can cause kinking of the wrap around the knee. By placing one or more
reinforcement members 101 in the gas bladder around the portion of the wrap that is wrapped
around the knee joint, kinking in the knee joint area is prevented or reduced by allowing the gas

to vent thru the porous structural member, and/or around the edges of the structural member.
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Other kink prone areas include the transition area of the wrap between the main body portion of

the wrap and the various arms and/or wings of the wrap. The performance may be further
enhanced by providing the reinforcement member in most of or the entire portion of the wrap.
Further benefit may be added if the structural member has insulating properties to reduce
ambient heat transfer. Therefore, in some embodiments, the reinforcing member can be an
insulator or an insulating material. In some embodiments, an insulating reinforcing member can
have an adhesive coating at least the side of the reinforcing member facing the fluid bladder in
order to improve contact between the insulating reinforcing member and the middle layer of the
fluid bladder, thereby improving the insulation of the fluid bladder.

[00232] The reinforcement member 101 can be provided in a variety of shapes and sizes. For
example, in some embodiments, the reinforcement member can be donut or washer shaped, such
that the reinforcement member can have a center hole for attaching and securing the
reinforcement member within the air bladder. For example, a spot weld can be placed within the
center hole to secure the reinforcement member in place. In other embodiments, the
reinforcement member can have other shapes, such as an hourglass shape, an oval shape, an arc
shape, a wavy or undulating or sinusoidal shape, a generally curvilinear shape, for example, as
illustrated in FIGs. 10H and 101. In some embodiments, the shape of the reinforcement member
is defined by the surrounding and/or underlying structures in the gas bladder and fluid bladder.
For example, the perimeter or border in the gas bladder formed by the peripheral fence 62¢ can
define a portion of the shape and size of the reinforcement member 101. In addition, interior
fences 62e, which can be disposed within the gas bladder and/or the fluid bladder, can also
define the shape and size of the reinforcement member 101. Other perimeter and interior
features, such as attachment points and welds in the gas bladder and/or fluid bladder can also be
used to define the size and shape of the reinforcement member. In other embodiments, the
reinforcement member can be square, triangular, rectangular, hexagonal, or generally rectilinear
shaped. In other embodiments, the reinforcement member can be shaped and sized to match the
shape and size of the portion of the air bladder to be reinforced. These alternatively shaped
reinforcement members can also have one or more holes so that the reinforcement member can
be spot welded in place. In other embodiments, the reinforcement member can be spot welded
or otherwise adhered or fastened directly to the layers that form the gas bladder rather than spot
welding the layers together through a hole in the reinforcement member.

[00233] In some embodiments, the reinforcement member 101 can be substantially smaller
than the air bladder such that a plurality of reinforcement members can be placed in the kink
prone area of the air bladder. For example, the reinforcement member 101 can be less than 1/3,

1/4, 1/5, or 1/10 the width or length of the kink prone region of the air bladder. In other
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embodiments, the reinforcement member 101 can be approximately the same size as the kink

prone region. In some embodiments, the width of the reinforcement member can be less than or
approximately equal to the width of the spacing between the spot welds. In some embodiments,
the width of the reinforcement member can be a multiple of the spacing distance between the
spot welds.

[00234]  Other techniques of fixing or staking the reinforcement member in place include use
of adhesives, which can be used alone or be used in conjunction with the other forms of fixation,
such as spot welding. When the adhesive is used in conjunction with another form of fixation,
the adhesive may be tacky and provide releasable securement to allow repositioning of the
reinforcement member before being permanently secured in place, if desired. Other fixation
techniques include stitching, hook and loop fasteners, buttons, riveting, snaps, and the like. In
some embodiments, the reinforcement member can be secured in place by placing fixation
features around the perimeter of the reinforcement member. The fixation features can be spot
welds or other guide members that hold the reinforcement member in place.

[00235] In some embodiments, the reinforcement member 101 can have a curved edge along
the kink prone area in order to reduce formation of a kink along the edge of the reinforcement
member 101. In some embodiments, a plurality of reinforcement members 101 can be disposed
in the kink prone region. In some embodiments, the reinforcement members 101 can be
disposed in a predetermined staggered or offset pattern along the kink prone region. In some
embodiments, the reinforcement members can be disposed in one or more rows.

[00236]  FIGS. 10E-10G illustrate one embodiment for fabricating a wrap 30 with
reinforcement members 101 within the gas bladder 38¢ using a donut type reinforcement
member 101 as described above. The first outer layer 33e and middle layer 35¢ can be
assembled as described above to form the fluid bladder 37e.  The reinforcement members 101
can then be placed at predetermined locations over remaining exposed surface of the middle
layer 35e by centering the central hole of the reinforcement member 101 over placement
markers, which can be weld dots in the flowpath. In some embodiments, the weld dots used as
placement markers may be of different size than other weld dots, or may be of different color, or
may have a marking to identify it as a placement marker. In some embodiments, a template can
be used to place the reinforcement members at predetermined locations. In some embodiments,
the template can have cutouts for receiving and placing the reinforcement members. In some
embodiments, the reinforcement members 101 can be coated on one or both sides with a tacky
adhesive that holds the reinforcement member 101 in place during the assembly process. After
the reinforcement members 101 are placed, the third layer 36e can be placed over the middle

layer 35e and reinforcement members to form the gas bladder 38e as described above. Welds
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can be made through the hole in the reinforcement member 101 to further secure the

reinforcement member in place.

[00237] FIG. 11 illustrates an alternative design for a temperature-controlled therapy device
30f in accordance with the invention. Device 30f is similar in many respects to wrap 30 shown
in FIG. 1 except that it does not include a compressive element and sleeve. The exemplary
device is a pad similar in various respects to the conventional pad described in U.S. Patent No.
6,117,164 to Gildersleeve et al., the entire contents of which is incorporated herein for all
purposes by this reference. Whereas wrap 30 includes a compressive gas bladder 38, device 30f
is a single chamber pad designed to carry a liquid heat exchanging medium only. The device
may be used alone or with a standard elastic wrap. For example, the device may include a
fastener for attaching directly to a body part to be treated.

[00238] The exemplary fluid pad 30f is a designed to fit over a knee or shoulder. The pad
includes a fluidic flowpath for promoting a desired flow even during joint flexure. In the
exemplary embodiment of FIG. 11, pad 30f includes a central portion intended to be positioned
over a joint.

[00239]  Absent any reinforcement, pad 30f is prone to kinking because of the tortuous fluid
flowpath and complex shape including many twists, sharp radiuses, and fold lines. Accordingly,
pad 30f includes a dot connection matrix with selective reinforcement as described above.
Indeed, exemplary pad 30f includes variable reinforcement whereby different kink-prone regions
have different levels of reinforcement. As shown in FIG. 11, narrower portions of the flowpath
have a dot pattern with lower distribution of dot connections than wider portions.

[00240] Dots 65f in selected kink-resistant zones 73f of the flowpath are in random alignment
as described above to reduce the chance of kinking. The exemplary pad 30f has a winding fluid
flowpath with a varying width. A portion of the exemplary dot pattern varies based on the
flowpath. In narrow lateral sections the dots are spaced apart further. In a portion of the bladder
where the flowpath makes a turn between the upwardly directed side and the laterally extending
upper section, the positioning of the exemplary dots forms more of a regular repeating triangular
pattern.

[00241]  For illustrative purposes, portion of the wrap are shown in dots of variable diameters.
In an upper left part of FIG. 11, for example, the dot diameter increases moving from the center
to the left side of the pad. One will appreciate from the description herein that varying the dot
diameter can allow for adjustment of strength of only a local portion of the bladder.

[00242] In another example, device 30f may include a separate reinforcement layer with rigid
reinforcement members in addition to or in lieu of the selectively reinforced dot pattern

configuration. As will be clear from the above example, the reinforcement layer may be a
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separately-formed, independent member for use with a variety of temperature-controlled therapy

systems in accordance with the invention.

[00243] Exemplary device 30f thus illustrates a number of other tools for selectively
reinforcing a heat exchanger in accordance with the invention. In combination with the dot
spacing, dot positioning, fence configurations, and other parameters discussed above, it will be
clear that the invention provides an assortment of techniques for improving performance over
conventional temperature-controlled therapy devices. In various respects, the techniques
described herein achieve the benefits of high kink resistance while allowing the wrap to
effectively conform to complex shapes. In addition, the flow and heat exchange performance
can be maintained or improved.

[00244]  Various aspects of the invention are directed to a sleeve with selective reinforcement
for use with conventional fluid and/or gas bladders. For example, a sleeve may be provided
similar to the sleeves described above except with a reinforcement layer. The reinforcement may
be configured with selective reinforcement of only a portion of the sleeve. The selective
reinforcement may be in the form of a reinforcement structure positioned in only a portion of the
sleeve. The reinforcement layer and/or reinforcement member may be removable. The
reinforcement member has a rigidity and strength significantly higher than the sleeve material
such that the sleeve resists kinking and/or bending in the selected region. In use, a plurality of
sleeves with different selected reinforcement regions may be provided. A user then selects a
desired sleeve and inserts one or more modular bladders. Thus, the components can be mixed
and matched.

[00245] In some embodiments, the wrap can comprise only a gas bladder that can be used to
provide compressive treatment of a limb or other body part. The gas bladder only embodiment
can be similar to the embodiments described above except for the absence of the fluid bladder.
As such, the gas bladder can be fabricated from two layers of material, rather than three. In
some embodiments, the gas bladder can include features that have been described in connection
with mainly the fluid bladder, such as attachment points and/or interior fences.

[00246] The above described embodiments may provide manufacturing and economic
efficiencies. For example, a number of the components may be standardized and supplied off-
the-shelf or sold as kits. In various embodiments, the wrap is assembled by providing a set of
sleeves each with integrated reinforcement members and a pouch adapted to receive a fluid
bladder, selecting one of the sleeves, and inserting a bladder into the sleeve. The plurality of
sleeves may be dimensioned the same but include different selective reinforcement patterns.
Alternatively, a set of different selective reinforcement assemblies, each having a substrate and

one or more reinforcements as described herein, may be provided. A user may then select and a
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pair a reinforcement assembly with a selected sleeve and bladder. A user may also further

customize the wrap by inserting, removing, and/or modifying reinforcement members.

[00247]  Variations and modifications of the devices and methods disclosed herein will be
readily apparent to persons skilled in the art. As such, it should be understood that the foregoing
detailed description and the accompanying illustrations, are made for purposes of clarity and
understanding, and are not intended to limit the scope of the invention, which is defined by the
claims appended hereto. Any feature described in any one embodiment described herein can be
combined with any other feature of any of the other embodiment whether preferred or not.
[00248] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of this
application and scope of the appended claims. All publications, patents, and patent applications
cited herein are hereby incorporated by reference for all purposes.

[00249] The invention is further illustrated by the Examples that follow. The Examples are

not intended to define or limit the scope of the invention.

EXAMPLES

Example 1

[00250] A first wrap, referred to in some respects as the “first bladder” or the “reinforced
bladder” and labeled as “Example A” in FIG. 12, was prepared similar to that shown in FIG. 1.
The exemplary first wrap included a repeating equilateral triangle dot pattern forming fluidic
channels. The center-to-center dot spacing, which corresponds to the widths of the fluidic
channels, was about 0.425”. The dot diameters were between about 0.16” and 0.2”.

[00251] The wrap was connected to a standard control unit and supplied with tap water from
an ice bath reservoir at approximately 19 psi. The bladder was left in a flat condition in an
ambient environment.

[00252] The bladder was then tested by displacing the fluid bladder with a 2”-diameter force
plate in a kink-prone region. The force plate was applied to the bladder with a screw. The force
applied by the bladder against the disk was measured at different levels of displacement,
generally 0.0107-0.015” increments. The disk force was increased until the fluid bladder was
completely occluded.

[00253] Next, a second fluid bladder, labeled as “Example B” in FIG. 12, was prepared.
Wrap Example B had a similar shape and overall dimensions as the first wrap but included a

conventional dot pattern. The second wrap had dots uniformly distributed in a regular triangular
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pattern across the entire treatment surface. The dot pattern of the second bladder comprised dots

having a diameter of less than 0.15” and center-to-center spacing of about 0.33”.

[00254] The second fluid bladder was connected to the same control unit and supplied with
liquid at 19 psi. The same test was then conducted on the second fluid bladder. The fluid
bladder was displaced with the 2”-diameter disk in the same spot as the first bladder. The force
applied by the bladder against the disk was measured at the same displacement increments until
the fluid bladder was completely occluded.

[00255] At about 0.14” of displacement, the first bladder exerted 1.5 pounds of force versus
0.5 pounds for the second bladder. At about 0.13”, the force of the first bladder was 5.6 pounds
and the force of the second bladder was only 1.4 pounds. At about 0.117, the force of the first
bladder was 11.3 pounds and the force of the second bladder was only 3.8 pounds. At about
0.1, the force of the first bladder was 17 pounds and the force of the second bladder was only
10.8 pounds. At about 0.09”, the force of the first bladder was 22.2 pounds and the force of the
second bladder was only 19 pounds. At about 0.08”, the force of the first bladder was 27.8
pounds and the force of the second bladder was only 25.6 pounds.

[00256] The complete results are shown in the graph of FIG. 12.

[00257] The test results illustrate that the force applied by the first fluid bladder was
measurably higher than the second bladder at each given displacement. This force may be
generally referred to as the “restorative force” or “resistive force”. In some respects, all things
being equal, the greater the “restorative force” the less likely it is for the fluidic channel to
become kinked. Conversely, the first bladder was deflected to a lesser degree than the second
bladder at each given force level. Thus, the dot spacing was critical to improving kink
resistance.

[00258] The results in FIG. 12 also illustrate that the force to achieve complete displacement
(occlusion) is higher in the first bladder with reinforcement.

[00259] The test results demonstrate that reinforcement in accordance with the invention
increases the kinking force required to displace, and ultimately occlude, the fluidic channels.
The increase in performance may be represented as the area between the two lines. This area
represents an improved flow of the first bladder at the same force (pressure) levels as the
conventional second bladder.

[00260] Moreover, the results in illustrate that the onset of complete occlusion failure is more
gradual with the selectively reinforced bladder. The improvement in kink resistance was also
shown to be attainable without a commensurate large increase in a volume of the bladder.
[00261] It is noted that the pressure range(s) for the test results of FIG. 12 are illustrative of
the expected forces on the bladder during operation. The fluid was pumped to the bladders at 19
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psi, which is typical for such bladder. The higher force values (e.g. 35 psi) are believed to be

typical of the force levels experienced by selected kink-prone regions of the wrap when the wrap
is attached to a body part and compressed. These kink-prone regions can experience pressures
several orders of magnitude higher than the pump pressure.

[00262] The two bladders were also informally tested for operational effectiveness. The first
bladder with selective reinforcement was found to have generally improved performance. In
particular, the first bladder was found to provide one or more of the following benefits: improved
heat exchange through better flow rates when in compression, reduced risk of failure from

blocked fluid pathways and more even temperatures due to open flowpaths.

Example 2

[00263] The same two fluid bladders were tested again under the same conditions except the
fluid pressure was decreased to 10 psi. The results are shown in FIG. 13 where “Example A”
refers to the same first bladder with reinforcement and “Example B” refers to the same second
bladder without reinforcement, as described above.

[00264]  Again, the results of this Example demonstrate that the force from the first bladder is
generally higher at each given displacement level. In fact, as the displacement increases, the gap
between the restoring force in the first bladder and the restoring force in the second bladder
increases. Thus, the fluidic channels defined by the kink-resistant dot pattern in the first bladder

are shown to provide increased resistance to kinking.

Example 3

[00265] The same two wraps above were provided. A third wrap having a conventional dot
pattern was provided. The three wraps were filled with tap water. The water volume in the wrap
per surface area of the wrap was measured versus the pressure to fill the wrap. The results are
shown in FIG. 14 where “Example A”, “Example B”, and “Example C” are the results for the
three exemplary wraps.

[00266] The bladder of Example A corresponds to the first bladder with reinforcement
described in Example 1 above. The bladder of Example B corresponds to the second,
conventional bladder of Example 1 above. Example C was similar to Example B in terms of
relative dot spacing but had larger fluid bladder. FIG. 14 shows how volume/surface area

corresponds to pressure for the three wraps.

[00267] The results shown in FIG. 14 illustrate that a large fluid volume (Example C) is not

functional at even moderate pressures, namely, above about 15 psi. Example C generally
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exhibited inferior performance at low pressure as well. For example, the bladder took longer to

fill and circulate than desirable for typical operating settings. In large part because of the
pressure limitations, the pump pressure and flow rate could not be increased to compensate for
the larger volume either.

[00268] Between Example A and Example B, Example A—the reinforced bladder—was
found to perform as well as Example B but experienced kinking less often across a wide pressure
range. The wrap of Example B experienced occasional problems with kinking, whether partial
or complete blocking of the fluid pathway. By contrast, the wrap of Example A experienced

significantly less occurrences of kinking without deteriorating other performance factors.
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CLAIMS

What is claimed is:
1. A therapy wrap for providing heating or cooling to an anatomical body part, the wrap
comprising:
a flexible fluid bladder for containing a heat exchange medium, the fluid bladder
including an inlet, an outlet, and a fluid flowpath connecting the inlet and the outlet;
a gas pressure bladder overlaying the fluid bladder for applying a compressive force to a
portion of the fluid bladder in contact with the body part; and
a reinforcement member disposed within the gas pressure bladder at one or more kink
prone regions of the gas pressure bladder, wherein the reinforcement member reduces

kinking at the one or more kink prone regions of the gas pressure bladder.

2. The therapy wrap of claim 1, wherein the reinforcement member is a made from a porous
material.
3. The therapy wrap of claim 2, wherein the porous material has an open cell foam structure

that is gas permeable.

4. The therapy wrap of claim 1, wherein the reinforcement member has a hole and a weld
that passes through the hole that secures the reinforcement member within the gas pressure

bladder.

5. The therapy wrap of claim 4, wherein the reinforcement member is donut shaped.

6. The therapy wrap of claim 1, wherein the reinforcement member is secured to the gas

pressure bladder with an adhesive.

7. The therapy wrap of claim 1, further comprising a plurality of attachment points

connecting walls of the bladder and defining a plurality of fluidic channels in the flow path.

8. The therapy wrap of claim 7, wherein the reinforcement member is secured within the

gas pressure bladder with a weld that is aligned with one of the attachment points.

9. The therapy wrap of claim 7, wherein the size and shape of the reinforcement member is

defined at least in part by one or more of the plurality of attachment points within the bladder.
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10.  The therapy wrap of claim 1, wherein the reinforcement member is curvilinear.

11.  The therapy wrap of claim 10, wherein the reinforcement member is circular or oval.

12.  The therapy wrap of claim 1, wherein the reinforcement member is rectilinear.

13.  The therapy wrap of claim 12, wherein the reinforcement member is square or
rectangular.

14.  The therapy wrap of claim 1, wherein the size and shape of the reinforcement member is

defined at least in part by a perimeter of the gas pressure bladder.

15.  The therapy wrap of claim 1, wherein the size and shape of the reinforcement member is
defined at least in part by one or more interior fences disposed within the fluid bladder or gas

pressure bladder.

16.  The therapy wrap of claim [, wherein the reinforcement member is made from an

insulating material.

17.  The therapy wrap of claim 16, wherein reinforcement member is adhered to a wall of the

gas pressure bladder that is adjacent or shared with the fluid bladder.

18. A therapy wrap for providing treatment to an anatomical body part, the wrap comprising:
a gas pressure bladder for applying a compressive force to the body part; and
a reinforcement member disposed within the gas pressure bladder at one or more kink
prone regions of the gas pressure bladder, wherein the reinforcement member reduces

kinking at the one or more kink prone regions of the gas pressure bladder.

19.  The therapy wrap of claim 18, wherein the reinforcement member is a made from a

porous material.

20.  The therapy wrap of claim 19, wherein the porous material has an open cell foam

structure that is gas permeable.
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21.  The therapy wrap of claim 18, wherein the reinforcement member has a hole and a weld

that passes through the hole that secures the reinforcement member within the gas pressure

bladder.

22.  The therapy wrap of claim 21, wherein the reinforcement member is donut shaped.

23.  The therapy wrap of claim 18, wherein the reinforcement member is secured to the gas

pressure bladder with an adhesive.

24.  The therapy wrap of claim 24, wherein the reinforcement member is secured within the

gas pressure bladder with one or more welds.

25.  The therapy wrap of claim 18, wherein the reinforcement member is curvilinear.

26.  The therapy wrap of claim 25, wherein the reinforcement member is circular or oval.

27.  The therapy wrap of claim 18, wherein the reinforcement member is rectilinear.

28.  The therapy wrap of claim 27, wherein the reinforcement member is square or
rectangular.

29.  The therapy wrap of claim 18, wherein the size and shape of the reinforcement member is

defined at least in part by a perimeter of the gas pressure bladder.
30.  The therapy wrap of claim 18, wherein the size and shape of the reinforcement member is

defined at least in part by one or more interior attachment features disposed within the gas

pressure bladder.
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