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CONTOURED FOAM DRESSING SHAPED FOR PROVIDING
NEGATIVE PRESSURE TO INCISIONS IN THE SHOULDER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Provisional Application No.
62/802,541, filed on February 7, 2019, which is incorporated herein by reference in its

entirety.
BACKGROUND

[0002] The present disclosure relates generally to a wound therapy system, and more
particularly to a wound therapy system configured to provide negative pressure wound

therapy to the site of one or more shoulder incisions.

[0003] Negative pressure wound therapy (NPWT) is a type of wound therapy that involves
applying a negative pressure to a wound treatment area to promote wound healing. NPWT
can be used to treat wounds in the shoulder area caused by arthroscopic shoulder surgeries.
Recent developments in NPWT therapy include the use of adhesive wound dressings that can
be positioned over a wound to treat the wound and the surrounding area. However, existing
adhesive NPWT dressings are primarily linear dressings designed to treat linear wounds. In
most instances, shoulder surgeries involve three incisions arranged in a non-linear
configuration. A first incision is at a front portion of a patient’s shoulder, a second incision is
at a back portion of the patient’s shoulder, and a third incision is at a top portion of the
patient’s arm proximate the patient’s shoulder. Existing NPWT dressings are configured to
treat linear incisions and can be time-consuming to modify to treat the specific incision

pattern used in arthroscopic shoulder surgeries.
SUMMARY

[0004] One implementation of the present disclosure is a negative pressure wound treatment
(NPWT) dressing system for use with shoulder incisions. The wound dressing system
includes a wound dressing, an immobilization device, and a negative pressure source. The

wound dressing includes a drape layer, a manifold layer, and a reduced pressure interface.
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The drape layer has a first surface and a second, wound-facing, surface. The drape layer is
substantially impermeable to liquid and substantially permeable to vapor. The manifold layer
has a first surface and a second, wound-facing surface. The manifold layer has a first lobe, a
second lobe substantially aligned with the first lobe, and a third lobe extending substantially
perpendicular to the first lobe and the second lobe. The reduced-pressure interface is
integrated with the drape layer. The immobilization device is configured to immobilize a
shoulder of a patient. The negative pressure source is in fluid communication with the
reduced pressure interface. The negative pressure source is coupled to the immobilization

device.

[0005] Another implementation of the present disclosure is a negative pressure wound
therapy (NPWT) dressing. The NPWT dressing includes a drape layer, a manifold layer, a
base layer, and a reduced pressure interface. The drape layer has a first surface and a second,
wound-facing, surface. The drape layer is substantially impermeable to liquid and
substantially permeable to vapor. The manifold layer has a first surface and a second,
wound-facing surface. The manifold layer has a first lobe, a second lobe generally aligned
with the first lobe, and a third lobe extending substantially perpendicular to the first lobe and
the second lobe. The base layer is configured to secure the drape layer to the manifold layer.
The base layer is configured to secure the wound dressing to a patient’s tissue. The reduced-

pressure interface is integrated with the drape layer.

[0006] Another implementation of the present disclosure is a negative pressure wound
treatment (NPWT) dressing system for use with shoulder incisions. The wound dressing
system includes a wound dressing, an immobilization device, and a negative pressure source.
The wound dressing includes a manifold layer, an adhesive layer, and a reduced pressure
interface. The manifold layer defines a substantially elbow-shaped channel having a first
portion configured to receive an upper portion of a shoulder of a patient and a second portion
angled relative to the first potion and configured to receive an upper portion an arm of the
patient. The manifold layer has a first surface that is substantially impermeable to fluid and a
second, wound-facing surface that is substantially permeable to fluid. The adhesive layer is
coupled along a perimeter of the second surface of the manifold layer and configured to

secure the wound dressing to the patient’s tissue. The reduced pressure interface is integrated
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with the first surface of the manifold layer. The immobilization device is configured to
immobilize the shoulder. The negative pressure source is in fluid communication with the
reduced pressure device. The negative pressure source is coupled to the immobilization

device.

[0007] Another implementation of the present disclosure is a method of forming a three-
dimensional wound-dressing shaped to receive a shoulder. The method includes injection-
molding a foam into a mold defining a substantially elbow-shaped channel having a first
surface and a second, wound-facing, surface that is substantially permeable to fluid. The
method includes curing the foam such that an exterior layer of the foam is fluid-impermeable
and an interior portion of the foam is porous. The method includes removing at least a
portion of the exterior layer of the foam from the second surface substantially inward of a
perimeter of the second surface. The method includes securing an adhesive layer to the
perimeter of the second surface, the adhesive layer configured to secure the wound dressing
to a patient’s tissue. The method includes removing a portion of the exterior layer of the
foam from the first surface. The method includes positioning a reduced-pressure interface

over the removed portion of the exterior layer of the foam of the first surface.

[0008] Another implementation of the present disclosure is a method of deploying a negative
pressure wound therapy (NPWT) dressing on a shoulder. The method includes immobilizing
a shoulder of a patient relative to a body of the patient with an immobilization device. The
method includes securing a wound dressing to a shoulder treatment area. The securing step
includes securing a first lobe of a wound dressing manifold proximate a wound treatment area
on a front of a shoulder of the patient, securing a second lobe of the wound dressing manifold
proximate a wound treatment area on a back of the shoulder, and securing a third lobe of the
wound dressing proximate a treatment area on a top portion of an arm of the patient. The
first lobe is substantially aligned with the second lobe. The method includes coupling the
negative pressure source to a reduced-pressure interface of the wound dressing. The method

includes coupling the negative pressure source to the immobilization device.

[0009] Those skilled in the art will appreciate that the summary is illustrative only and is not

intended to be in any way limiting. Other aspects, inventive features, and advantages of the
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devices and/or processes described herein, as defined solely by the claims, will become
apparent in the detailed description set forth herein and taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates a perspective view of a shoulder area of a representative patient

undergoing shoulder surgery.
[0011] FIG. 2 is a front view of a wound dressing according to an exemplary embodiment.

[0012] FIG. 3 is a perspective view of the wound dressing of FIG. 2 according to an

exemplary embodiment.

[0013] FIG. 4 is an exploded view of the wound dressing of FIG. 2 according to an

exemplary embodiment.

[0014] FIG. 5 is a perspective view of a manifold layer of the wound dressing of FIG. 2

according to an exemplary embodiment.

[0015] FIG. 6 is an exploded view of a manifold layer of the wound dressing of FIG. 2

according to another exemplary embodiment.

[0016] FIG. 7 is a perspective view of the wound dressing of FIG. 2 adhered to a

representative person’s shoulder.

[0017] FIG. 8 is a perspective view of a wound dressing according to another exemplary

embodiment.

[0018] FIG. 9 is a section view of the wound dressing of FIG. 8§ taken along lines 9 — 9 of
FIG. 8.

[0019] FIG. 10 is a process diagram illustrating a method of manufacturing the wound

dressing of FIG. 8 according to an exemplary embodiment.
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[0020] FIG. 11 is a perspective view of a wound dressing adhered to a representative

person’s torso according to another exemplary embodiment.

[0021] FIG. 12 is a perspective view of a wound dressing adhered to a representative

person’s torso according to another exemplary embodiment.

[0022] FIG. 13 is a perspective view of a wound dressing adhered to a representative

person’s torso according to another exemplary embodiment.
[0023] FIG. 14 is a perspective view of the wound dressing of FIG. 13.

DETAILED DESCRIPTION

Overview

[0024] Referring generally to the FIGURES, a wound therapy system for treating wounds of
curved body parts is shown, according to various embodiments. More specifically, the
wound therapy system is for treating wounds in the shoulder area. The wound therapy
system includes a wound dressing and a negative pressure wound therapy (NPWT) system.
The phrase “negative pressure” means a pressure less than an ambient or atmospheric
pressure. While the amount and nature of reduced pressure applied to the wound treatment
area can vary according to the application, the reduced pressure typically is between —5 mm

Hg and —500 mm Hg and more typically between —100 mm Hg and —300 mm Hg.

[0025] FIG. 1 illustrates an exemplary shoulder 10 of a patient undergoing arthroscopic
shoulder surgery. Arthroscopic shoulder surgeries typically include a first incision 14 at front
of an upper portion of a patient’s shoulder, second incision 18 at a back of an upper portion
of a patient’s shoulder, and a third incision 22 at an upper portion of a patient’s arm. The
wound treatment area includes the first incision 14, healthy tissue surrounding the first
incision 14, the second incision 18, healthy tissue surrounding the second incision 18, the
third incision 22, and healthy tissue surrounding the second incision 18. The wound
dressings described herein are configured to substantially cover the wound treatment area and
apply NPWT to the wound treatment area. During arthroscopic shoulder surgery, several
liters of fluid are pumped into the shoulder area. Applying NPWT to the entire wound
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treatment area can facilitate patient healing by lifting the healthy tissue surrounding the
incisions, which facilitates absorption of the fluid by the lymphatic system of the patient’s
body. In some embodiments, the NPWT system can remove excess fluid that cannot be
absorbed by the body. For example, fluid (wound exudate, fluid injected during surgery, etc.)
can drain from the wound treatment area via the negative pressure conduit or a dedicated

drain line. Fluid can be collected by a removed fluid reservoir of the NPWT system.

[0026] In some embodiments, the wound dressing is substantially T-shaped and includes a
first lobe, a second lobe, and a third lobe. The first lobe and the second lobe are generally
aligned and the third lobe is generally perpendicular to the first lobe and the second lobe.
The first lobe and the second lobe are substantially half-ellipses and the third lobe is
substantially circular. The first lobe and the second lobe are connected to the third lobe by a
connection portion that is narrower than the first lobe, the second lobe, and the third lobe.
The wound dressing is shaped to wrap around the shoulder of the patient. The first lobe is
configured to overlie the first incision 14 and the healthy tissue surrounding the first incision
14 at the front portion of the patient’s shoulder. The second lobe is configured to overlie the
second incision 18 and the healthy tissue surrounding the second incision 18 at the back
portion of the patient’s shoulder. The third lobe is configured to overlie the third incision 22
and the healthy tissue surrounding the third incision 22 at the upper portion of the patient’s
arm. In some embodiments, the wound dressing includes a concave contour that is generally
aligned with the third lobe. The concave contour is configured to prevent the wound dressing
from overlying the patient’s trapezius muscle. The shape of the wound dressing is generally

symmetric to allow placement of the wound dressing on either the left or the right shoulder.

[0027] In some embodiments, the wound dressing has a substantially 3D-shape configured to
conform to the shoulder wound treatment area. In such an embodiment, the wound dressing
forms an elbow-shaped channel that includes a first portion and a second portion that is
angled relative to the first portion. In some embodiments, the second portion is at a
substantially obtuse angle relative to the first portion. The first portion is configured to
overlie a first incision and the surrounding healthy tissue at a front portion of the patient’s
shoulder, a top portion of the patient’s shoulder, and a second incision and the surrounding

healthy tissue at a back portion of the patient’s shoulder. In some embodiments, a first lobe

6
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and a second lobe extend from the first portion. In some embodiments, the first lobe and the
second lobe are generally perpendicular to the first portion. The first lobe is configured to
overlie the first incision and healthy tissue surrounding the first incision. The second lobe is

configured to overlie the second incision and healthy tissue surrounding the first incision.

[0028] Generally, the wound dressing is used in conjunction with an immobilization device
such as a sling or a belt that is configured to immobilize a patient’s arm relative to the
patient’s torso to immobilize the patient’s shoulder joint. A negative pressure source or
pump and a removed fluid container are integrated into the immobilization device. The
wound dressing includes a negative pressure interface that facilitates fluid communication
between the wound dressing and a negative pressure conduit that is coupled the negative
pressure source. A portion of the negative pressure conduit proximate the NPWT system is
positioned within the immobilization device. Integration of the NPWT system with the
immobilization device allows the patient to conveniently transport the negative pressure

source while the patient is undergoing NPWT.

[0029] In some embodiments, the wound dressing is configured to drain excess fluid from the
wound treatment area. In such embodiments, the removed-fluid container can be configured
to store a fluid removed from the wound treatment area (e.g., wound exudate, fluid injected
during surgery, etc.). In some embodiments, the removed fluid container is positioned
upstream of the negative pressure source so that fluid can drain from the wound dressing via
the negative pressure conduit and accumulate in the removed-fluid container. In other
embodiments, the removed-fluid container can be fluidly coupled to the wound treatment
area via a fluid removal line that is separate from the negative pressure conduit. The NPWT
can help reduce the chance of the wounds developing seroma, scaring, infection, or other

adverse complications.

[0030] Additional features and advantages of the wound therapy system are described in

detail below.

Wound Dressing

[0031] Referring now to FIGS. 2 — 4, a wound dressing 100 is shown, according to an
exemplary embodiment. FIG. 2 is a front view of the wound dressing 100. FIG. 3 isa

7
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perspective view of the wound dressing 100. FIG. 4 is an exploded view illustrating several

layers 120 — 148 of the wound dressing 100.

[0032] In various embodiments, the wound dressing 100 can be formed as a substantially flat
sheet for topical application to wounds. The wound dressing 100 is generally planar, but can
wrap around a shoulder of a patient to conform to the three-dimensional shape of a wound
treatment area at the shoulder of the patient. The wound dressing 100 is substantially T-
shaped and includes a first lobe 104, a second lobe 108, and a third lobe 112. The first lobe
104 and the second lobe 108 are substantially half-ellipses and are aligned along an axis A.
The third lobe 112 is substantially circular and is connected to the first lobe 104 and the
second lobe 108 by a connection portion 116 that is narrower than the third lobe 112. The
third lobe 112 is substantially perpendicular to the first lobe 104 and the second lobe 108.
The first lobe 104 is configured to overlie an incision at a front portion of a patient’s shoulder
and healthy tissue surrounding the incision. The second lobe 108 is configured to overlie an
incision at a back portion of a patient’s shoulder 10 and healthy tissue surrounding the
incision. The third lobe 112 is configured to overlie an incision at an upper portion of a
patient’s arm and healthy tissue surrounding the incision. The wound dressing 100 is
substantially symmetric about an axis B so that the wound dressing 100 can be deployed on a

patient’s right shoulder or a patient’s left shoulder without requiring modification.

[0033] The wound dressing 100 is shown to include a plurality of layers, including a drape
layer 120, a manifold layer 124, a wound-interface layer 128, a semi-rigid support layer 132,
a first adhesive layer 136, and a second adhesive layer 140. In some embodiments, the
wound dressing 100 includes a removable cover sheet 148 to cover the manifold layer 124,

the wound-interface layer 128, and the second adhesive layer 140 before use.

Drape Layer

[0034] The drape layer 120 is shown to include a first surface 152 and a second, wound-
facing, surface 156 opposite the first surface 152. When the wound dressing 100 is applied to
a wound, the first surface 152 faces away from the wound, whereas the second surface 156
faces toward the wound. The drape layer 120 supports the manifold layer 124 and the

wound-interface layer 128 and provides a barrier to passage of microorganisms through the

8
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wound dressing 100. The drape layer 120 is configured to provide a sealed space over a
wound or incision. In some embodiments, the drape layer 120 is an elastomeric material or
may be any material that provides a fluid seal. “Fluid seal” means a seal adequate to hold
pressure at a desired site given the particular reduced-pressure subsystem involved. The term
“elastomeric” means having the properties of an elastomer and generally refers to a
polymeric material that has rubber-like properties. Examples of elastomers may include, but
are not limited to, natural rubbers, polyisoprene, styrene butadiene rubber, chloroprene
rubber, polybutadiene, nitrile rubber, butyl rubber, ethylene propylene rubber, ethylene
propylene diene monomer, chlorosulfonated polyethylene, polysulfide rubber, polyurethane,
EVA film, co-polyester, and silicones. As non-limiting examples, the drape layer 120 may be
formed from materials that include a silicone, 3M Tegaderm® drape material, acrylic drape

material such as one available from Avery, or an incise drape material.

[0035] The drape layer 120 may be substantially impermeable to liquid and substantially
permeable to water vapor. In other words, the drape layer 120 may be permeable to water
vapor, but not permeable to liquid water or wound exudate. This increases the total fluid
handling capacity (TFHC) of wound dressing 100 while promoting a moist wound
environment. In some embodiments, the drape layer 120 is also impermeable to bacteria and
other microorganisms. In some embodiments, the drape layer 120 is configured to wick

moisture from the manifold layer 124 and distribute the moisture across the first surface 152.

[0036] As shown in FIG. 4, the drape layer 120 defines a cavity 122 for receiving the
manifold layer 124, the wound-interface layer 128, and the first adhesive layer 136. The
manifold layer 124, the wound-interface layer 128, and the first adhesive layer 136 can have
a similar perimeter or profile. In some embodiments, a perimeter of the drape layer 120
extends beyond (e.g. circumscribes) the perimeter of the manifold layer 124 to provide a
margin 160. The first adhesive layer 136 includes a first surface 164 and a second, wound-
facing surface 168. Both first surface 164 and the second surface 168 are coated with an
adhesive, such as an acrylic adhesive, a silicone adhesive, and/or other adhesives. The first
surface 164 of the first adhesive layer 136 is secured to the second surface 172 of the wound-
interface layer 128. The second surface 168 of the first adhesive layer 136 is secured to the

second adhesive layer 140. The second adhesive layer 140 includes a first surface 176 and a

9
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second, wound-facing surface 180. The second surface 168 of the first adhesive layer 136 is
secured to the first surface 176 of the second adhesive layer 140. The second surface 180 of
the second adhesive layer 140 is coated with an acrylic adhesive, a silicone adhesive, and/or
other adhesives. The adhesive applied to the second surface 180 of the second adhesive layer
140 is intended to ensure that the wound dressing 100 adheres to the surface of the patient’s
tissue and that the wound dressing 100 remains in place throughout the wear time. The
second adhesive layer 140 has a perimeter or profile that is similar to a perimeter or profile of
the margin 160. In the illustrated embodiment, the first surface 176 of the second adhesive
layer 140 is welded to the margin 160. In other embodiments, the first surface 176 of the
second adhesive layer is secured to the margin 160 using an adhesive, such as an acrylic
adhesive, a silicone adhesive, or another type of adhesive. The margin 160 and/or the second
adhesive layer 140 may extend around all sides of the manifold layer 124 such that the wound
dressing 100 is a so-called island dressing. In other embodiments, the margin 160 and/or the
second adhesive layer 140 can be eliminated and the wound dressing 100 can be adhered to
the patient’s tissue using other techniques. In some embodiments, the first adhesive layer
136, and the second adhesive layer 140 can collectively form a base layer that includes an
adhesive on both sides that is (i) configured to secure the drape layer 120 to the manifold
layer 124, the optional wound-interface layer 128, and (ii) configured to secure the wound
dressing 100 to a patient’s tissue. In some embodiments, the base layer can be integrally
formed with the drape layer 120. In some embodiments, the base layer can be a layer of a
polyurethane film having a first surface and a second, wound-facing surface. Both the first
surface and the second surface can be coated with an adhesive (such as an acrylic or silicone
adhesive). In some embodiments, the wound-facing surface of the base layer can include a

hydrocolloid adhesive.

[0037] In some embodiments, a reduced-pressure interface 192 can be integrated with the
drape layer 120. The reduced-pressure interface 192 can be in fluid communication with the
negative pressure system through a negative pressure conduit 272. The reduced-pressure
interface 192 is configured to allow fluid communication between a negative pressure source
268 (FIG. 7) and the wound dressing 100 (e.g., through the drape layer 120) via the negative
pressure conduit 272 coupled between the reduced-pressure interface 192 and the negative

pressure source 268 such that negative pressure generated by the negative pressure source

10
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268 can be applied to the wound dressing 100 (e.g., through the drape layer 120). In some

embodiments, the reduced-pressure interface 192 can be integrated (e.g., integrally formed)
with the drape layer 120. In other embodiments, the reduced-pressure interface 192 can be
separate from the drape layer 120 and configured to be coupled to the drape layer 120 by a

user. In the illustrated embodiment, the reduced-pressure interface 192 is positioned above
the third node 112. In other embodiments, the reduced-pressure interface 192 can be

positioned elsewhere on the drape layer 120.

[0038] With continued reference to FIG. 4, the semi-rigid support layer 132 is positioned
above the first surface 152 of the drape layer 120. The semi-rigid support layer 132 is spaced
from but proximate the margin 160 and the second adhesive layer 140. The semi-rigid
support layer 132 is made of a semi-rigid material and helps the wound dressing 100 maintain
rigidity before the wound dressing 100 is secured to the surface of the patient. The semi-rigid
support layer 132 is intended to be removed from the drape layer 120 after the wound

dressing 100 has been secured to the patient’s tissue.

[0039] In some embodiments, the second surface 156 of the drape layer 120 contacts the
manifold layer 124. The second surface 156 of the drape layer 120 may be adhered to the
manifold layer 124 or may simply contact the manifold layer 124 without the use of an

adhesive.

[0040] In some embodiments, the adhesive applied to the second surface 156 of the drape
layer 120 is moisture vapor transmitting and/or patterned to allow passage of water vapor
therethrough. The adhesive may include a continuous moisture vapor transmitting, pressure-
sensitive adhesive layer of the type conventionally used for island-type wound dressings (e.g.

a polyurethane-based pressure sensitive adhesive).

Manifold layer

[0041] Referring to FIG. 5, the manifold layer 124 is shown to include a first surface 196 and
a second, wound-facing surface 200 opposite the first surface 196. When the wound dressing
100 is applied to a wound, the first surface 196 faces away from the wound, whereas the

second surface 200 faces toward the wound. In some embodiments, the first surface 196 of

11
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the manifold layer 124 contacts the second surface 156 of the drape layer 120. In some
embodiments, the second surface 200 of the manifold layer 124 contacts the wound-interface
layer 128. The manifold layer 124 is configured for transmission of negative pressure to the
patient’s tissue at and/or proximate a wound and/or incision. The manifold layer 124 is
configured to wick fluid (e.g. exudate) from the wound and includes in-molded manifold
layer structures for distributing negative pressure throughout the wound dressing 100 during

negative pressure wound therapy treatments.

[0042] The manifold layer 124 can be made from a porous and permeable foam-like material
and, more particularly, a reticulated, open-cell polyurethane or polyether foam that allows
good permeability of wound fluids while under a reduced pressure. One such foam material
that has been used is the V.A.C.® Granufoam™ material that is available from Kinetic
Concepts, Inc. (KCI) of San Antonio, Tex. Any material or combination of materials might
be used for the manifold layer 124 provided that the manifold layer 124 is operable to
distribute the reduced pressure and provide a distributed compressive force along the wound

treatment area.

[0043] The reticulated pores of the Granufoam™ material that are in the range from about
400 to 600 microns, are preferred, but other materials may be used. The density of the
manifold layer material, e.g., Granufoam™ material, is typically in the range of about 1.3
Ib/ft*-1.6 1b/fi® (20.8 kg/m’-25.6 kg/m*). A material with a higher density (smaller pore size)
than Granufoam™ material may be desirable in some situations. For example, the
Granufoam™ material or similar material with a density greater than 1.6 Ib/ft (25.6 kg/m?)
may be used. As another example, the Granufoam™ material or similar material with a
density greater than 2.0 Ib/ft* (32 kg/m?) or 5.0 Ib/ft’ (80.1 kg/m?) or even more may be used.
The more dense the material is, the higher compressive force that may be generated for a
given reduced pressure. If a foam with a density less than the tissue at the tissue site is used
as the manifold layer material, a lifting force may be developed. In one illustrative
embodiment, a portion, e.g., the edges, of the wound dressing 100 may exert a compressive

force while another portion, €.g., a central portion, may provide a lifting force.
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[0044] The manifold layer material may be a reticulated foam that is later felted to thickness
of about one third (!3) of the foam's original thickness. Among the many possible manifold
layer materials, the following may be used: Granufoam™ material or a Foamex® technical
foam (www.foamex.com). In some instances, it may be desirable to add ionic silver to the
foam in a microbonding process or to add other substances to the manifold layer material
such as antimicrobial agents. The manifold layer material may be isotropic or anisotropic
depending on the exact orientation of the compressive forces that are desired during the
application of reduced pressure. The manifold layer material may also be a bio-absorbable

material.

[0045] As shown in FIGS. 2 — 5, the manifold layer 124 is generally symmetrical about the
axis B. The manifold layer 124 is substantially T-shaped and includes a first lobe 204, a
second lobe 208, and a third lobe 212. The manifold layer 124 can have a length L ranging
from approximately 7.44 inches to 11.16 inches. In some embodiments, the length L is
approximately 9.3 inches. The manifold layer 124 can have a width W ranging from
approximately 7.76 inches to approximately 11.64 inches. In some embodiments, the width
W is approximately 9.7 inches. The manifold layer 124 can have a thickness T ranging from
approximately 0.64 inches to 0.96 inches. In some embodiments, the thickness T is

approximately 0.8 inches.

[0046] The first lobe 204 and the second lobe 208 are substantially elliptical. The first lobe
204 and the second lobe 208 can each have a radius of curvature rc; ranging from
approximately 1.04 inches to 1.56 inches. In some embodiments, the first lobe 204 and the
second lobe 208 can each have a radius of curvature of approximately 1.3 inches. The first
lobe 204 and the second lobe are substantially aligned along the axis A. A concave portion
216 extends along a portion of the perimeter of the wound dressing 100 that is between the
first lobe 204 and the second lobe 208. The concave portion 216 is substantially aligned with
the third lobe 212 along the axis B. The concave portion 216 is positioned to prevent the
wound dressing from overlying a trapezius muscle of a patient and/or contacting the patient’s
neck when the wound dressing 100 is secured to the patient’s shoulder. The concave portion
216 can have a radius of curvature rc2 ranging from approximately 4 inches to approximately

6 inches. In some embodiments, the radius of curvature rca can be approximately 5 inches.
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[0047] The third lobe 212 is substantially perpendicular to the first lobe 204 and the second
lobe 208. The third lobe 212 is subsantially circular. The third lobe can have a radius of
curvature rcs ranging from approximately 1.6 inches to approximately 2.4 inches. In some
embodiments, the radius of curvature rcs can be approximately 2.0 inches. The third lobe 212
is connected to the first lobe 204 and the second lobe 208 by the connecting portion 220. The
connecting portion 220 has a width Wcp smaller than a diameter D of the third lobe 212. The
width Wcp of the connecting portion can range from approximately 1.2 inches to
approximately 1.8 inches. In some embodiments, the width Wcp can be approximately 1.5

inches.

[0048] As is best shown in FIG. 5, a scoring pattern 226 is formed in the first surface 196 of
the manifold layer 124. The scoring pattern 226 is shown for example as an arrangement of
“slits” or scores (e.g., “mango-cuts”) formed in the manifold layer 124 (e.g. formed by laser-
scoring or other suitable processes). More particularly, the scoring pattern 226 is cut into the
first surface 196 of the manifold layer 124. In the embodiment of FIG. 5, the scoring pattern
226 extends between the first surface 196 and the second surface 200 but does not extend
completely to the second surface 200. The scoring pattern 226 can have a depth Ds that can
range from approximately 0.2 inches to 0.5 inches. In some embodiments, the depth Ds is
approximately 0.28 inches. According to the illustrated embodiment, the scoring pattern 226
is a generally square pattern. However, in other embodiments, the scoring pattern 226 can be
a different geometrical pattern. When the wound dressing 100 is used on a generally flat (e.g.
two-dimensional) portion of the wound treatment area, such as for example a front of a
shoulder or a back of a patient’s shoulder, the scores 228 of the scoring pattern 226 are
generally vertical and are in close proximity to adjacent scores 228 of the scoring pattern 226.
In instances when the wound dressing 100 is secured to a curved (e.g. three-dimensional)
surface, such as a transition portion of the surface that extends between the front of the
shoulder and the top of the shoulder, the back of the shoulder and the top of the shoulder, and
the shoulder and the top of the arm, the scores 228 of the scoring pattern 226 splay apart to
facilitate bending of the manifold layer 124 so that the manifold layer 124 closely conforms
to the shape of the wound treatment area. The scoring pattern 226 allows the manifold layer
124 to conform to both substantially flat surfaces and curved surfaces at the wound treatment

arca.
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[0049] FIG. 6 illustrates a manifold layer 232 according to another embodiment. The
manifold layer 232 is generally similar to the manifold layer 124. The manifold layer 232
can be incorporated into the wound dressing 100 as described above with respect to the
manifold layer 124. Like numbers are indicated by the same number and parts of the

manifold layer 232 are indicated using the prime symbol “” ”.

[0050] As shown in FIGS. 2 — 5, the manifold layer 232 is generally symmetrical about the
axis B. The manifold layer 232 is substantially T-shaped and includes a first lobe 236, a
second lobe 240, and a third lobe 244. The manifold layer 232 can have a length L’ ranging
from approximately 7.44 inches to 11.16 inches. In some embodiments, the length L’ is
approximately 9.3 inches. The manifold layer 232 can have a width W’ ranging from
approximately 7.76 inches to approximately 11.64 inches. In some embodiments, the width
W’ is approximately 9.7 inches. The manifold layer 232 can have a thickness T’ ranging
from approximately 0.64 inches to 0.96 inches. In some embodiments, the thickness T’ is

approximately 0.8 inches.

[0051] The manifold layer 232 includes the first lobe 236, the second lobe 240, and the third
lobe 244 described above with respect to FIG. 5. The first lobe 236 and the second lobe 240
are substantially elliptical. The first lobe 236 and the second lobe are substantially aligned
along the axis A’. A convex portion 248 extends along a portion of the perimeter of the
wound dressing 100 that is between the first lobe 236 and the second lobe 240. The convex
portion 248 is substantially aligned with the third lobe 244 along the axis B’. The convex
portion 248 can have a radius of curvature rc4 ranging from approximately 4 inches to
approximately 6 inches. In some embodiments, the radius of curvature rc4 can be

approximately 5 inches.

Wound-Interface Laver

[0052] The wound-interface layer 128 is shown to include a first surface 222 and a second,
wound-facing surface 224 opposite the first surface 222. When the wound dressing 100 is
applied to the wound, the first surface 222 faces away from the wound, whereas the second
surface 224 faces toward the wound. In some embodiments, the first surface 222 of the

wound-interface layer 128 contacts the second surface 224 of the manifold layer 124. In
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some embodiments, the second surface 224 of the wound-interface layer 128 contacts the
patient’s tissue. In some embodiments, the wound dressing 100 may not include the wound-

interface layer 128.

[0053] The wound-interface layer 128 is made of a wicking material that is fluid-permeable
and intended to not irritate the patient’s tissue. In the illustrated embodiment, the wound-
interface layer is a polyester pique-knit fabric, such as Milliken Fabric. In other
embodiments, other permeable and non-irritating fabrics can be used. The wound-interface
layer 128 can also be treated with antimicrobial materials. In the illustrated embodiment, the
wound-interface layer 128 includes silver ions as an antimicrobial material. Other anti-

microbial materials may be used in other embodiments.

Integrated Immobilization Device and NPWT System

[0054] Referring now to FIG. 7, the wound dressing 100 is used in conjunction with an
immobilization device 252. The immobilization device 252 is configured to immobilize a
patient’s arm relative to the patient’s shoulder to restrict movement of the patient’s shoulder.
In the embodiment illustrated in FIG. 7, the immobilization device 252 is a sling. The sling
includes an arm-receiving portion 256 and a shoulder strap 260. The arm-receiving portion
256 is configured to receive at least the forearm and elbow of the arm corresponding to the
injured shoulder. The shoulder strap 260 is coupled to the arm-receiving portion 256 and is
configured to be positioned over a patient’s uninjured shoulder to support the arm
corresponding to the patient’s injured shoulder. In some embodiments, the sling includes a
belt (not shown) configured to immobilize the arm-receiving portion 256 of the sling relative
to the patient’s torso. In other embodiments, the immobilization device 252 can be a belt as

illustrated below in FIG. 12.

[0055] The NPWT system 262 further includes a removed fluid container 264 and a negative
pressure source or pump 268 that are in fluid communication with the wound dressing 100
via the negative pressure conduit 272. In some embodiments, the pump 268 can be a
powered pump 268. In such an embodiment, the NPWT system 262 further includes a
battery configured to power the pump 268. In other embodiments, the pump 268 is an

unpowered pump. In such an embodiment, the pump 268 can be hand-actuated by the
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patient. The removed fluid container 264 can be configured to store a fluid removed from the
incisions 14, 18, 22 (FIG. 1). Removed fluid can include, for example, wound exudate (e.g.,
bodily fluids), air, fluid that was injected into the wound treatment area during surgery, or

any other type of fluid which can be removed from the incision 240 during wound treatment.

[0056] The NPWT system 262 is coupled to the wound dressing 100 by the negative pressure
conduit 272. The negative pressure conduit 272 has a first end 276 coupled to the reduced-
pressure interface 192 of the wound dressing 100 and a second end 280 coupled to the NPWT
system 262. In the illustrated embodiment, the negative pressure conduit 272 is a multi-
lumen conduit. The negative pressure conduit 272 includes a first lumen 284 and a second
lumen 288. The first lumen 284 is configured to apply negative pressure to the wound
dressing 100 and to draw exudate into the removed fluid container 264. The second lumen
288 is configured for sensing the pressure of the wound dressing 100. One such NPWT
system 262 including a multi-lumen conduit is the SensaT.R.A.C.™ gsystem that is available

from Kinetic Concepts, Inc. (KCI) of San Antonio, Tex.

[0057] Returning to FIG. 7, the NPWT system 262 is integrated with the immobilization
device 252. As illustrated in FIG. 7, the NPWT system 262 is secured within the arm-
receiving portion 256 of the immobilization device 252. For example, the NPWT system 262
can be positioned within a pocket of the arm-receiving portion 256, sewn into the arm-
receiving portion 256, secured within the arm-receiving portion 256 of the immobilization
device 252 using a detachable adhesive such as Velcro, etc. As illustrated in FIG. 7, a
portion of the negative pressure conduit 272 proximate the NPWT system 262 is integrated
with the arm-receiving portion 256. For example, the negative pressure conduit 272 can be
positioned within a passageway of the arm-receiving portion 256, secured within the arm-
receiving portion 256 of the immobilization device 252 using a detachable adhesive such as
Velcro, etc. Integration of the NPWT system 262 within the immobilization device 252
allows the patient to conveniently transport the NPWT system 262 while the patient is
undergoing NPWT.

Deployment of the Dressing
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[0058] FIG. 7 illustrates the wound dressing 100 deployed at a representative illustration of a
patient’s torso. The patient’s arm proximate the wounded shoulder is immobilized relative to
the patient’s torso by the immobilization device 252 to immobilize the shoulder joint. While
wound dressing 100 is shown in FIG. 7, the manifold layer 232 can be deployed in a similar
manner Referring briefly to FIG. 1, the wound treatment area includes the first incision 14
and surrounding healthy tissue at a front of the patient’s shoulder, the second incision 18 and
surrounding healthy tissue at a back of the patient’s shoulder, and the third incision 22 and
surrounding healthy tissue at a top of the patient’s arm. As illustrated in FIG. 7, the wound
dressing 100 does not over the patient’s armpit. As is apparent from comparison of FIGS. 1
and 7, the wound dressing 100 is sized to cover the surface including the entire wound
treatment area. A further advantage of covering the entire wound area is that the wound
dressing 100 can provide NPWT to the whole wound treatment area to generate negative
pressure and lifting forces over the wound treatment area to facilitate wound healing and to
facilitate absorption of the fluid injected during surgery by the lymphatic system. In some
embodiments, the wound dressing 100 can be used with topically applied pharmaceutical
compounds. For example, the wound dressing 100 can be used in conjunction with a silicone
gel applied proximate the first incision 14, the second incision 18, and the third incision 22.

The silicone gel can reduce scarring at or near the incisions 14, 18, 22.

[0059] As illustrated in FIG. 7, the reduced-pressure interface 192 is positioned over the third
lobe 212. In other embodiments, the reduced-pressure interface 192 can be positioned
elsewhere on the drape layer 120 of the wound dressing 100. The negative pressure conduit
272 extends from the reduced-pressure interface 192 and extends along the patient’s arm and
into the immobilization device 252. As illustrated using phantom lines, the negative pressure
conduit 272 is coupled to the NPWT system 262 integrated with the immobilization device
252. Due to the symmetric shape of the wound dressing 100, the wound dressing can be used

to treat wounds in both the left shoulder and the right shoulder.

[0060] To deploy the wound dressing 100 to treat a wound treatment area at a shoulder of the
patient, a healthcare practitioner removes the cover sheet 148 from the wound dressing 100.
The healthcare practitioner then orients the wound dressing 100 relative to the patient’s

shoulder such that the first lobe 104 overlies an incision and surrounding healthy tissue at a
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front of a patient’s shoulder and the second lobe 108 overlies an incision and healthy tissue at
a back of the patient’s shoulder. The healthcare practitioner then orients the wound dressing
100 such that the third lobe 112 overlies an incision and surrounding healthy tissue at an
upper portion the patient’s arm proximate the wounded shoulder. The healthcare practitioner
then applies pressure around the perimeter of the margin 160 of the drape layer 120 to secure
the second adhesive layer 140 to the patient’s tissue. The healthcare practitioner then
immobilizes the patient’s arm relative to the patient’s torso using the immobilization device
252. The healthcare practitioner then inserts the negative pressure conduit 272 into the
immobilization device 252 and couples the negative pressure conduit 272 to the NPWT
system 262. The healthcare practitioner then actuates the NPWT system 262 to apply

negative pressure to the wound treatment area.

Wound Dressing

[0061] Referring now to FIGS. 8 — 9, a wound dressing 300 is shown, according to an
exemplary embodiment. FIG. 8 illustrates a perspective view of the wound dressing 300
according to an exemplary embodiment. FIG. 9 is a section view of the wound dressing 300

taken along lines 9 — 9 of FIG. 8.

[0062] In various embodiments, the wound dressing 300 can be formed as a substantially
elbow-shaped channel 304 that conforms to the three-dimensional shape of a wound
treatment area at a shoulder of the patient. The elbow-shaped channel 304 includes a first
portion 308 and a second portion 312 that is angled relative to the first portion 308. In some
embodiments, the second portion 312 is at an obtuse angle relative to the first portion 308. A
first lobe 316 and a second portion 312 extend from the first portion 308. The first lobe 316
and the second lobe 320 are generally perpendicular to the first portion 308. The first portion
308 is configured to overlie a top portion of a patient’s shoulder. The first lobe 316 is
configured to overlie an incision and healthy tissue surrounding the incision at a front portion
of the patient’s shoulder. The second lobe 320 is configured to overlie an incision and
healthy tissue surrounding the incision at a back part of the patient’s shoulder. The second
portion 312 is configured to overlie an incision and healthy tissue surrounding the incision at
a top of the patient’s arm proximate the wounded shoulder. In some embodiments, the

second portion 312 defines a third lobe. A channel 324 extends between the first lobe 316
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and the second portion 312 and the second lobe 320 and the second portion 312 such that the

wound dressing 300 does not cover the patient’s armpit.

[0063] The wound dressing 300 includes the manifold layer 328, and an adhesive layer 332.
The wound dressing 300 further includes a reduced-pressure interface 340 configured to

engage the negative pressure conduit 334 of a NPWT system 348.

Manifold layer

[0064] Referring to FIGS. 8 and 9, the manifold layer 328 includes an exterior surface or skin
352 and an interior portion 356. The skin 352 is a fluid-impermeable skin that surrounds the
interior portion 356. The interior portion 356 is made from a porous and permeable foam-
like material, and, more particularly, a reticulated, open-cell polyurethane or polyether foam
that allows good permeability of wound fluids while under a reduced pressure. One such
foam material that has been used is the VAC® Granufoam™ material that is available from
Kinetic Concepts, Inc. (KCI) of San Antonio, Tex. Any material or combination of materials
might be used for the manifold layer 328 provided that the manifold layer 328 is operable to
distribute the reduced pressure and provide a distributed compressive force along the wound

treatment area.

[0065] Referring to FIGS. 8 and 9, the manifold layer 328 includes a first surface 360 and a
second, wound-facing surface 364 opposite the first surface 360. When the wound dressing
300 is applied to a wound, the first surface 360 faces away from the wound, whereas the
second surface 364 faces toward the wound. As illustrated in FIG. 8, the skin 352 extends
over the first surface 360 of the manifold layer 328. The reduced-pressure interface 340 is
coupled to the first surface 360 of the manifold layer 328. As is best shown in FIG. 9, a
portion 366 of the skin 352 is removed from the first surface 360 of the manifold layer 328 to
expose the interior portion 356. The reduced-pressure interface 340 is coupled to the first
surface 360 of the manifold layer 328 generally over the portion of the first surface 360 of the
manifold layer 328 that does not include the skin 352 so that the reduced-pressure interface
340 is in fluid communication with the interior portion 356 of the second surface 364 and
therefore, with the wound treatment area. The reduced-pressure interface 340 is secured to

the first surface 360 in a substantially fluid-tight seal.
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The second surface 364 defines surface of the elbow-shaped channel 304. The skin 352 has
been removed from the second surface 364 generally inward (e.g. towards a center) of the
perimeter of the second surface 364 to expose the interior portion 356 (e.g., the open-cell
foam) of the manifold layer 328. Accordingly, the skin 352 extends about a perimeter of the
second surface 364 and the foam layer extends across the second surface 364 inward of the
perimeter. As best illustrated in FIG. 9, the adhesive layer 332 is secured to the skin 352
extending about the perimeter of the second surface 364. The adhesive layer 332 can be an
acrylic adhesive, a silicone adhesive, and/or other adhesives. Accordingly, the manifold layer
328 can be secured to a patient’s shoulder in a substantially fluid-tight seal to provide a

sealed space over the wound treatment area without requiring the drape layer.

Method of Manufacturing the Manifold Laver

[0066] Referring now to FIG. 10, a method 1000 for manufacturing the manifold layer 328 is
shown, according to an example embodiment. At step 1004, a foam material is injected into
a mold defining a substantially elbow-shaped channel having a first portion and a second
portion angled relative to the first portion. In some embodiments, the second portion is at a
substantially obtuse angle relative to the first portion. The first portion further includes a first
lobe and a second lobe extending from and generally perpendicular to the first portion. The
foam material can include any porous and permeable foam-like material, and, more
particularly, a reticulated, open-cell polyurethane or polyether foam that allows good
permeability of wound fluids while under a reduced pressure. One such foam material that
has been used is the VAC® Granufoam™ material that is available from Kinetic Concepts,
Inc. (KCI) of San Antonio, Tex. Any material or combination of materials might be used for
the manifold layer 328 provided that the manifold layer 328 is operable to distribute the
reduced pressure and provide a distributed compressive force along the wound treatment

arca.

[0067] At step 1008, the foam material is cured so that a substantially fluid-impermeable skin
352 forms over an exterior surface of the manifold layer 328 material and an open-cell foam
forms in an interior portion 356 of the manifold layer 328 material. At step 1012, a portion of

the skin 352 is removed from the second surface 364 of the manifold layer 328 inward of the
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perimeter of the second surface 364 to expose the foam of the interior portion 356. In some
embodiments, a patient-contacting layer is secured to the exposed foam of the interior portion
356 of the manifold layer 328. At step 1016, an adhesive layer 332 is secured to the skin 352
at the perimeter of the second surface 364. In some embodiments, a backing layer can be
engaged with the adhesive layer 332. At step 1020, the portion 366 of the skin 352 of the
first surface 360 of the manifold layer 328 is removed. At step 1024, a reduced pressure
interface coupled to the first surface 360 of the manifold layer 328. The reduced-pressure
interface 340 substantially overlies the portion 366 of the first surface 360 without the skin
352. The reduced-pressure interface 340 is in fluid communication with the second surface
364 of the manifold layer 328 and the wound treatment area through the portion 336 of the
first surface 360 without the skin 352. The reduced-pressure interface 340 is sealed to the

first surface 360 of the manifold layer 328 to form a substantially fluid-tight connection.

Deplovment of the Wound Dressing

[0068] FIGS. 11 — 14 illustrate exemplary wound dressings 1100, 1200, 1300 deployed on a
wound treatment area of a shoulder of a representative patient. The exemplary wound
dressings 1100, 1200, 1300 are substantially similar to the wound dressing 300 discussed
above with respect to FIGS. 8 and 9. Exemplary immobilization devices 1104, 1204, 1304
immobilize the arm corresponding to the wounded shoulder relative to a torso of the

representative patient.

[0069] Referring now to FIG. 11, a wound dressing 1100 and an immobilization device 1104
are shown, according to an exemplary embodiment. The wound dressing 1100 defines a
bowl-shaped channel 1108 that includes a first portion 1112 that is angled relative to a second
portion 1116. In some embodiments, the second portion 1116 is oriented at an obtuse angle
relative to the first portion 1112. The wound dressing 1100 is shaped to conform to the three-
dimensional area of a wound treatment area on the patient’s shoulder. As illustrated in FIG.
11, The wound dressing 1100 is deployed on the patient such that the first portion 1112
covers an incision and surrounding healthy tissue at a front of the patient’s shoulder, a top
portion of the patient’s shoulder, and an incision and surrounding healthy tissue at a back of

the patient’s shoulder. The first portion 1112 includes a first lobe 1120 and a second lobe
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1124. The first lobe 1120 is configured to cover the incision and surrounding healthy tissue
at the front of the patient’s shoulder. The second lobe 1124 is configured to cover the
incision and surrounding healthy tissue at the back of the patient’s shoulder. The second
portion 1116 of the wound dressing 1100 covers an incision and surrounding tissue at a top
portion of the patient’s arm. The adhesive layer (not shown) secures the wound dressing

1100 to the patient’s tissue in a substantially fluid-tight seal.

[0070] With continued reference to FIG. 11, the second portion 1116 of the wound dressing
1100 includes a reduced-pressure interface 1128. In other embodiments, the reduced-
pressure interface 1128 may be positioned elsewhere on the wound dressing 1100. For
example, in some embodiments, the reduced-pressure interface 1128 can be positioned on the
first portion 1112 of the wound dressing 1100. The reduced-pressure interface 1128 is
coupled to a negative pressure conduit 1136 that is in fluid communication with a NPWT
system 1132. The negative pressure conduit 1136 is substantially similar to the negative
pressure conduit 334 and is not disclosed in greater detail herein. The NPWT system 1132 is
substantially similar to the NPWT system 262 discussed above. Due to the symmetry of the
wound dressing 1100, the wound dressing can be deployed on a patient’s right shoulder or a

patient’s left shoulder without requiring modification.

[0071] In the illustrated embodiment, the immobilization device 1104 is a sling. In other
embodiments, the immobilization device 1104 can be a belt, such as the belt 1204 illustrated
in FIG. 12. The immobilization device 1104 includes an arm-receiving portion 1140,
shoulder straps 1144, and a belt 1148. The arm-receiving portion 1140 is configured to
receive around the arm of the patient that corresponds to the wounded shoulder. The
shoulder straps 1144 are connected to the arm-receiving portion 1140 and are positionable
over the patient’s shoulders to support the patient’s arm. As shown in FIG. 11, the shoulder
strap 1144 positioned proximate the wounded shoulder is positioned inward of the wound
treatment area such that the shoulder strap 1144 does not interfere with the wound dressing
1100. The belt 1148 is configured to wrap around the patient’s torso to immobilize the
patient’s arm relative to the patient’s torso to immobilize the wounded shoulder. In some

embodiments, the belt 1148 is coupled to the shoulder straps 1144. In other embodiments,
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the belt 1148 is positioned over the shoulder straps 1144 such that the shoulder straps 1144

are positioned between the belt 1148 and the patient’s torso.

[0072] The NPWT system 1132 and a portion of the negative pressure conduit 1136 are
integrated with the immobilization device 1104. The NPWT system 1132 can be secured
within arm-receiving portion 1140 or the belt 1148 of the immobilization device 1104. For
example, the NPWT system 1132 can be positioned within a pocket of the arm-receiving
portion 1140 or the belt 1148, sewn into arm-receiving portion 1140 or the belt 1148, secured
within the arm-receiving portion 1140 or secured within or to the belt 1148 of the
immobilization device 1104 using a detachable adhesive such as Velcro, etc. A portion of the
negative pressure conduit 1136 proximate the NPWT system 1132 is integrated the belt 1148
and/or the arm-receiving portion 1140. For example, the negative pressure conduit 1136
extends from the wound dressing 1100 and along the arm of the patient. The negative
pressure conduit 1136 then extend through loops or clips secured to the arm-receiving portion
1140 and/or the belt 1148, is secured to the arm-receiving portion 1140 or the belt 1148 using
a detachable adhesive such as Velcro, extends through one or more passages in the arm-

receiving portion 1140 or the belt 1148, etc.

[0073] Referring now to FIG. 12, a wound dressing 1200 and an immobilization device 1204
are shown, according to an exemplary embodiment. The wound dressing 1200 defines a
bowl-shaped channel 1208 that includes a first portion 1212 that is angled relative to a second
portion 1216. In some embodiments, the second portion 1216 is oriented at an obtuse angle
relative to the first portion 1212. The wound dressing 1200 is shaped to conform to the three-
dimensional area of a wound treatment area on the patient’s shoulder. As illustrated in FIG.
11, the wound dressing 1200 is deployed on the patient such that the first portion 1212 covers
an incision and surrounding healthy tissue at a front of the patient’s shoulder, a top portion of
the patient’s shoulder, and an incision and surrounding healthy tissue at a back of the
patient’s shoulder. The first portion 1212 includes a first lobe 1220 and a second lobe 1224.
The first lobe 1220 is configured to cover the incision and surrounding healthy tissue at the
front of the patient’s shoulder. The second lobe 1224 is configured to cover the incision and
surrounding healthy tissue at the back of the patient’s shoulder. The second portion 1216 of

the wound dressing 1200 covers an incision and surrounding tissue at a top portion of the
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patient’s arm. The adhesive layer (not shown) secures the wound dressing 1200 to the

patient’s tissue in a substantially fluid-tight seal.

[0074] As shown in FIG. 12, a flange 1228 extends around a perimeter of the bowl-shaped
channel 1208. A first tab 1232 and a second tab (not shown) extend from the flange 1228 at
or proximate a midpoint of the bowl-shaped channel 1208. The first tab 1232, the second tab,
and the flange 1228 can increase a surface area at and extending from the perimeter of the
wound dressing 1200 to increase an amount of adhesive that can be used to secure the wound
dressing 1200 to the patient’s tissue. In some embodiments, the first tab 1232, the second
tab, and the flange 1228 are integrally formed with the bowl-shaped channel 1208. In other
embodiments, the first tab 1232, the second tab, and the flange 1228 can be made separately
from the bowl-shaped channel 1208 and secured to the bowl-shaped channel 1208.

[0075] As shown in FIG. 12, a ridge 1240 of foam extends above the bowl-shaped channel
1208. The ridge 1240 increases an amount of foam that can be compressed by the negative
pressure source, which in turn results in greater lifting forces generated around the wound
treatment area. The greater lifting forces can increase an amount of the fluid injected during

surgery that is absorbed by the patient’s lymphatic system.

[0076] With continued reference to FIG. 12, the second portion 1216 of the wound dressing
1200 includes a reduced-pressure interface 1248. In other embodiments, the reduced-
pressure interface 1248 may be positioned elsewhere on the wound dressing 1200. For
example, in some embodiments, the reduced-pressure interface 1248 can be positioned on the
first portion 1212 of the wound dressing 1200. The reduced-pressure interface 1248 is
coupled to a negative pressure conduit 1252 that is in fluid communication with a NPWT
system 1256. The negative pressure conduit 1252 is substantially similar to the negative
pressure conduit 334 and is not disclosed in greater detail herein. The NPWT system 1256 is
substantially similar to the NPWT system 334 discussed above. Due to the symmetry of the
wound dressing 1200, the wound dressing can be deployed on a patient’s right shoulder or a

patient’s left shoulder without requiring modification.

[0077] With continued reference to FIG. 12, the immobilization device 1204 of the illustrated

embodiment is a belt. In other embodiments, the immobilization device 1204 can be a sling,
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such as the slings 1104, 1304 illustrated in FIGS. 11 and 13, respectively. The
immobilization device 1204 includes an arm-receiving portion 1260 and a belt 1264. In the
illustrated embodiment, the arm-receiving portion 1260 includes a plurality of straps that are
configured to wrap around the arm of the patient that corresponds to the wounded shoulder.
The arm-receiving portion 1260 is connected to the belt 1264, together with the belt 1264
immobilize the patient’s arm relative to the patient’s torso to immobilize the wounded
shoulder. The NPWT system 1256 and at least a portion of the negative pressure conduit
1252 are integrated with the immobilization device 1204. As illustrated in FIG. 12, the
NPWT system 1256 is secured within the belt 1264 of the immobilization device 1204. For
example, the NPWT system 1256 can be positioned within a pocket of the belt 1264, sewn
into the belt 1264, secured within or to belt 1264 of the immobilization device 1204 using a
detachable adhesive such as Velcro, etc. A portion of the negative pressure conduit 1252
proximate the NPWT system 1256 is integrated with the arm-receiving portion 1260. For
example, the negative pressure conduit 1252 extend through loops or clips 1268 secured to
the arm-receiving portion 1260, be secured to the arm-receiving portion 1260 using a

detachable adhesive such as Velcro, etc.

[0078] FIG. 13 illustrates a wound dressing 1300 and an immobilization device 1304 are
shown, according to an exemplary embodiment. FIG. 14 illustrates a perspective view of the
wound dressing 1300 according to an exemplary embodiment. The wound dressing 1300
defines a bowl-shaped channel 1308 (FIG. 14) that includes a first portion 1312 that is angled
relative to a second portion 1316. In some embodiments, the second portion 1316 is oriented
at an obtuse angle relative to the first portion 1312. The wound dressing 1300 is shaped to
conform to the three-dimensional area of a wound treatment area on the patient’s shoulder.
As illustrated in FIG. 13, The wound dressing 1300 is deployed on the patient such that the
first portion 1312 covers an incision and surrounding healthy tissue at a front of the patient’s
shoulder, a top portion of the patient’s shoulder, and an incision and surrounding healthy
tissue at a back of the patient’s shoulder. The first portion 1312 includes a first lobe 1320
and a second lobe 1324. The first lobe 1320 is configured to cover the incision and
surrounding healthy tissue at the front of the patient’s shoulder. The second lobe 1324 is
configured to cover the incision and surrounding healthy tissue at the back of the patient’s

shoulder. The second portion 1316 of the wound dressing 1300 covers an incision and
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surrounding tissue at a top portion of the patient’s arm. The adhesive layer (not shown)

secures the wound dressing 1300 to the patient’s tissue in a substantially fluid-tight seal.

[0079] As shown in FIGS. 13 and 14, a first tab 1328 and a second tab 1330 extend from the
bowl-shaped channel 1308 at or proximate a midpoint of the bowl-shaped channel 1308. The
first tab 1328 and the second tab 1330 increase a surface area at and extending from the
perimeter of the wound dressing 1300 to increase an amount of adhesive that can be used to
secure the wound dressing 1300 to the patient’s tissue. In some embodiments, the first tab
1328 and the second tab 1330 are integrally formed with the bowl-shaped channel 1308. In
other embodiments, the first tab 1328 and the second tab 1330 can be made separately from
the bowl-shaped channel 1308 and secured to the bowl-shaped channel 1308.

[0080] With continued reference to FIGS. 13 and 14, the second portion 1316 of the wound
dressing 1300 includes a reduced-pressure interface 1336. In other embodiments, the
reduced-pressure interface 1336 may be positioned elsewhere on the wound dressing 1300.
For example, in some embodiments, the reduced-pressure interface 1336 can be positioned on
the first portion 1312 of the wound dressing 1300. The reduced-pressure interface 1336 is
coupled to a negative pressure conduit 1340 that is in fluid communication with a NPWT
system 1344. The negative pressure conduit 1340 is substantially similar to the negative
pressure conduit 334 and is not disclosed in greater detail herein. The NPWT system 1344 is
substantially similar to the NPWT system 334 discussed above. Due to the symmetry of the
wound dressing 1300, the wound dressing can be deployed on a patient’s right shoulder or a

patient’s left shoulder without requiring modification.

[0081] The NPWT system 1344 is integrated with the immobilization device 1304. In the
illustrated embodiment, the immobilization device 1304 is a sling. In other embodiments, the
immobilization device 1304 can be a belt, such as the belt 1208 illustrated in FIG. 12. The
immobilization device 1304 includes an arm-receiving portion 1348 and a shoulder strap
1352. In some embodiments, the immobilization device 1304 further includes a belt. The
arm-receiving portion 1348 is configured to receive an arm of the patient that corresponds to
the wounded shoulder. The shoulder strap 1352 is configured to engage the uninjured

shoulder to support the arm in the arm-receiving portion. As illustrated in FIG. 13, the

27



WO 2020/163226 PCT/US2020/016382

NPWT system 1344 is secured within the arm-receiving portion 1348 of the immobilization
device 1304. For example, the NPWT system 1344 can be positioned within a pocket of the
arm-receiving portion 1348, sewn into the arm-receiving portion 1348, secured within the
arm-receiving portion 1348 of the immobilization device 1304 using a detachable adhesive
such as Velcro, etc. As illustrated in FIG. 13 a portion of the negative pressure conduit 1340
proximate the NPWT system 1344 is integrated with the arm-receiving portion. For example,
the negative pressure conduit 1340 can be positioned within a passageway of the arm-
receiving portion 1348, secured within the arm-receiving portion 1348 of the immobilization

device 1304 using a detachable adhesive such as Velcro, etc.

[0082] To deploy the wound dressings 1100, 1200, 1300 to treat a wound treatment area at a
shoulder of the patient, a healthcare practitioner removes the cover sheet the adhesive layer
(not shown). The healthcare practitioner then orients the wound dressing 1100, 1200, 1300
relative to the patient’s shoulder such that the first portion 1112, 1212, 1312 overlies an
incision and surrounding healthy tissue at a front of a patient’s shoulder, a top of the patient’s
shoulder, and an incision and healthy tissue at a back of the patient’s shoulder. More
specifically, the first lobe 1120, 1220, 1320 is positioned over the incision and surrounding
healthy tissue at the front of the patient’s shoulder and the second lobe 1124, 1224, 1324 is
positioned over the incision and surrounding healthy tissue at the back of the patient’s
shoulder. The healthcare practitioner then orients the wound dressing 1100, 1200, 1300 such
that the second portion 1116, 1216, 1316 overlies an incision and surrounding healthy tissue
at an upper portion of an arm of the patient corresponding to the wounded shoulder. The
healthcare practitioner then applies pressure around the perimeter of the wound dressing
1100, 1200, 1300 to secure the adhesive layer (not shown) to the patient’s tissue. The
healthcare practitioner then immobilizes the patient’s arm relative to the patient’s torso using
the immobilization device 1104, 1204, 1304. The healthcare practitioner then couples the
negative pressure conduit 1136, 1252, 1340 of the wound dressing 1100, 1200, 1300 to the
NPWT system 1132, 1256, 1344. The healthcare practitioner then actuates the NPWT
system 1132, 1256, 1344 to apply negative pressure to the wound treatment area.
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Configuration of Exemplary Embodiments

[0083] The construction and arrangement of the systems and methods as shown in the various
exemplary embodiments are illustrative only. Although only a few embodiments have been
described in detail in this disclosure, many modifications are possible (e.g., variations in
sizes, dimensions, structures, shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors, orientations, etc.). For
example, the position of elements can be reversed or otherwise varied and the nature or
number of discrete elements or positions can be altered or varied. Accordingly, all such
modifications are intended to be included within the scope of the present disclosure. The
order or sequence of any process or method steps can be varied or re-sequenced according to
alternative embodiments. Other substitutions, modifications, changes, and omissions can be
made in the design, operating conditions and arrangement of the exemplary embodiments

without departing from the scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A negative pressure wound treatment (NPWT) dressing system for use with shoulder
incisions, the wound dressing system, comprising:
a wound dressing comprising:

a drape layer having a first surface and a second, wound-facing, surface,
wherein the drape layer is substantially impermeable to liquid and substantially
permeable to vapor;

a manifold layer having a first surface and a second, wound-facing surface, the
manifold layer having a first lobe, a second lobe substantially aligned with the first
lobe, and a third lobe extending substantially perpendicular to the first lobe and the
second lobe; and

a reduced-pressure interface integrated with the drape layer;
an immobilization device configured to immobilize a shoulder of a patient; and
a negative pressure source in fluid communication with the reduced pressure

interface, the negative pressure source coupled to the immobilization device.

2. The NPWT dressing system of claim 1, wherein the first lobe is configured to overlie
a wound treatment area on a front portion of a patient’s shoulder, the second lobe is
configured to overlie a wound treatment area on a back portion of the patient’s shoulder, and

the third lobe is configured to overlie treatment area on a top portion of the patient’s arm.

3. The NPWT dressing system of claim 1, wherein the negative pressure source is

coupled to the reduced-pressure interface by a multi-lumen conduit.

4. The NPWT dressing system of claim 1, wherein the first lobe and the second lobe are

substantially half-ellipses and the third lobe is substantially circular.
5. The NPWT dressing system of claim 1, wherein the wound dressing further comprises

a drain interface and the wound dressing system further comprises a removed fluid reservoir

in fluid communication with the drain interface and coupled to the immobilization device.
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6. The NPWT dressing of claim 1, wherein the wound dressing further comprises an
adhesive layer configured to secure the drape layer to the manifold layer and configured to

secure the wound dressing to a patient’s tissue.

7. A negative pressure wound therapy (NPWT) dressing, comprising:

a drape layer having a first surface and a second, wound-facing, surface, wherein the
drape layer is substantially impermeable to liquid and substantially permeable to vapor;

a manifold layer having a first surface and a second, wound-facing surface, the
manifold layer having a first lobe, a second lobe generally aligned with the first lobe, and a
third lobe extending substantially perpendicular to the first lobe and the second lobe;

a base layer configured to secure the drape layer to the manifold layer, and configured
to secure the wound dressing to a patient’s tissue; and

a reduced-pressure interface integrated with the drape layer.

8. The NPWT dressing of claim 7, wherein the first lobe is configured to overlie a
wound treatment area on a front portion of a patient’s shoulder, the second lobe is configured
to overlie a wound treatment area on a back portion of the patient’s shoulder, and the third

lobe is configured to overlie treatment area on a top portion of the patient’s arm.

9. The NPWT dressing of claim 7, wherein the manifold layer is substantially T-shaped.

10. The NPWT dressing of claim 7, wherein the first lobe and the second lobe are

substantially half-ellipses and the third lobe is substantially circular.
11. The NPWT dressing of claim 10, wherein the third lobe is connected to the first lobe
and the second lobe by a connection portion having a width smaller than a diameter of the

third lobe.

12. The NPWT dressing of claim 7, wherein a concave portion is positioned between the

fist lobe and the second lobe and substantially opposite the third lobe.
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13. The NPWT dressing of claim 7, wherein the manifold layer includes a scoring pattern
formed therein, and the manifold layer is configured to bend about at least one of the scores

of the scoring pattern.

14. The NPWT dressing of claim 7, wherein a radius of curvature of the first lobe and the

second lobe is between substantially 1.4 inches and substantially 1.56 inches.

15. The NPWT dressing of claim 7, wherein a radius of curvature of the third lobe is
substantially 1.6 inches — 2.4 inches.

16. A negative pressure wound treatment (NPWT) dressing system for use with shoulder
incisions, the wound dressing system, comprising:

a wound dressing comprising a manifold layer defining a substantially elbow-shaped
channel having a first portion configured to receive an upper portion of a shoulder of a patient
and a second portion angled relative to the first potion and configured to receive an upper
portion an arm of the patient, the manifold layer having a first surface that is substantially
impermeable to fluid and a second, wound-facing surface that is substantially permeable to
fluid;

an adhesive layer coupled along a perimeter of the second surface of the manifold
layer and configured to secure the wound dressing to the patient’s tissue;

a reduced pressure interface integrated with the first surface of the manifold layer;

an immobilization device configured to immobilize the shoulder; and

a negative pressure source in fluid communication with the reduced pressure device,

the negative pressure source coupled to the immobilization device.

17. The NPWT dressing of claim 16, wherein the second portion is at a substantially

obtuse angle relative to the first portion.

18. The NPWT dressing of claim 16, wherein first portion of the manifold layer includes
a first lobe configured to overlie a front portion of the patient’s shoulder and a second lobe

configured to overlie a back portion of the patient’s shoulder.
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19. The NPWT dressing of claim 16, wherein the first lobe and the second portion define
a first opening therebetween and the second lobe and the second portion define a second
opening therebetween, the first opening and the second opening configured to facilitate

bending of the manifold layer.

20. The NPWT dressing of claim 16, wherein a portion of the first surface of the manifold
layer adjacent the reduced pressure interface has been removed to provide fluid
communication between the negative pressure source and the second surface of the wound

dressing.

21. A method of forming a three-dimensional wound-dressing shaped to receive a
shoulder, the method comprising:

injection-molding a foam into a mold defining a substantially elbow-shaped channel
having a first surface and a second, wound-facing, surface that is substantially permeable to
fluid;

curing the foam such that an exterior layer of the foam is fluid-impermeable and an
interior portion of the foam is porous;

removing at least a portion of the exterior layer of the foam from the second surface
substantially inward of a perimeter of the second surface;

securing an adhesive layer to the perimeter of the second surface, the adhesive layer
configured to secure the wound dressing to a patient’s tissue;

removing a portion of the exterior layer of the foam from the first surface; and

positioning a reduced-pressure interface over the removed portion of the exterior layer

of the foam of the first surface.

22. A method of deploying negative pressure wound therapy (NPWT) dressing on a
shoulder, the method comprising:

immobilizing a shoulder of a patient relative to a body of the patient with an
immobilization device;

securing a wound dressing to a shoulder treatment area, the securing comprising:
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securing a first lobe of a wound dressing manifold proximate a wound

treatment area on a front of a shoulder of the patient, securing a second lobe of the

wound dressing manifold proximate a wound treatment area on a back of the

shoulder, and securing a third lobe of the wound dressing proximate a treatment area

on a top portion of an arm of the patient, wherein the first lobe is substantially aligned

with the second lobe;

coupling the negative pressure source to a reduced-pressure interface of the wound
dressing; and

coupling the negative pressure source to the immobilization device.

23. The NPWT dressing system of claim 22, wherein the negative pressure source is

coupled to the reduced-pressure interface by a multi-lumen conduit.

24. The NPWT dressing system of claim 22, wherein the third lobe is substantially
perpendicular to the first lobe and the second lobe, the first lobe and the second lobe are

substantially half-ellipses, and the third lobe is substantially circular.

25. The NPWT dressing of claim 22, wherein the wound dressing defines a substantially
elbow-shaped channel including a first portion and a second portion angled relative to the
first portion, the first portion including the first lobe and the second lobe and the second

portion defining the third lobe.
26. The NPWT dressing system of claim 22, further comprising the step of coupling a

removed fluid reservoir to a drain interface of the wound dressing and coupling the removed

fluid reservoir to the immobilization device.

34



WO 2020/163226 PCT/US2020/016382

112

14

FIG. 1



WO 2020/163226 PCT/US2020/016382

2/12

272

104




WO 2020/163226

3/12
192 -
—132
120 o6
152
104
112
160
—124
-—_128
24
164 —136
-
168
176
140
148

PCT/US2020/016382

100

FIG. 4



WO 2020/163226 PCT/US2020/016382

4/12

/ 236 A'\’, rC1' 232
“~ r_g04 . | —
i 196 ,
[ [, ]
[ 1] . |y
— [ ]

o
“ ' FIG.6



WO 2020/163226 PCT/US2020/016382

5/12

100

260

252

FIG. 7



WO 2020/163226 PCT/US2020/016382

6/12

300,328

308

FIG. 8



PCT/US2020/016382

WO 2020/163226

712

FIG. 9



WO 2020/163226 PCT/US2020/016382

8/12
1 %00

- — 1004

Inject foam material into mold |/
¢ 1008

Cure foam material to form manifold layer |/
Y. 1012

Remove skin from portion of second surface of manifold layer -/
. - - 4 . 1016

Secure adhesive to skin at perimeter of second surface of manifold layer

\ 1020

I: Remove a portion of skin from the first surface of the manifold layer ]/

¢ 1024
Couple reduced-pressure interface to portion of first surface having the |

removed skin

FIG. 10



WO 2020/163226 PCT/US2020/016382

9/12

1144

1128

1148

1104

FIG. 11



WO 2020/163226

10/12

1212,1220

PCT/US2020/016382

1264

/

1256

T 4

b
.

N —1 L

I 126: 1
1266/f/ 1204

FIG. 12

a



WO 2020/163226 PCT/US2020/016382

11/12

1320

1300

1352

1308
Y
1328

1304
L~

1348

FIG. 13



WO 2020/163226 PCT/US2020/016382

12/12

1320

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/016382

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. A61F13/00 A61F13/02
ADD.

A61F13/14

According to International Patent Classification (IPC) or to both national classification and IPC

A61IM1/00

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61lF A61M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 2014/140606 Al (SMITH & NEPHEW [GB])
18 September 2014 (2014-09-18)

paragraphs [0066] - [0211]; figure 18

X WO 2013/007973 A2 (SMITH & NEPHEW [GB];
MUMBY ELLA LYNN [GB]; LECOMTE HELENE ANNE
[GB]) 17 January 2013 (2013-01-17)

page 18, line 5 - page 30, line 20;
figures

X WO 2018/212849 Al (KCI LICENSING INC [US])
22 November 2018 (2018-11-22)

paragraphs [0053] - [0089]; figures

X US 2005/020955 Al (SANDERS TERYL BLANE
[US] ET AL) 27 January 2005 (2005-01-27)
paragraphs [0024] - [0029]; figure 2

1-21

1-21

1-21

1-21

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other

"P" document published prior to the international filing date but later than

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

the priority date claimed

"&" document member of the same patent family

Date of the actual completion of the international search

19 May 2020

Date of mailing of the international search report

29/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Boccignone, Magda

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PLT/052020/016382
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 22-26

because they relate to subject matter not required to be searched by this Authority, namely:

claims 22 to 26 do not comply with Rule 39.1(iv) PCT - Method for treatment

of the human or animal body by therapy

2. |:| Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/016382
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014140606 Al 18-09-2014 AU 2014229777 Al 03-09-2015
BR 112015020855 A2 18-07-2017
CA 2902392 Al 18-09-2014
CN 105407932 A 16-03-2016
EP 2968648 Al 20-01-2016
JP 2016511047 A 14-04-2016
JP 2019022758 A 14-02-2019
RU 2015143729 A 21-04-2017
US 2016144084 Al 26-05-2016
US 2020114050 Al 16-04-2020
WO 2014140606 Al 18-09-2014
ZA 201505926 B 28-09-2016

WO 2013007973 A2 17-01-2013 AU 2012282287 Al 30-01-2014
AU 2017203658 Al 15-06-2017
AU 2017219122 Al 14-09-2017
AU 2019284044 Al 23-01-2020
BR 112014000775 A2 14-02-2017
CA 2841392 Al 17-01-2013
CN 103857365 A 11-06-2014
CN 105963074 A 28-09-2016
CN 107252383 A 17-10-2017
DK 2731564 T3 29-07-2019
EP 2731564 A2 21-05-2014
EP 3508182 Al 10-07-2019
ES 2731463 T3 15-11-2019
HU E045003 T2 28-11-2019
JP 6208124 B2 04-10-2017
JP 6555728 B2 07-08-2019
JP 2014523778 A 18-09-2014
JP 2017209535 A 30-11-2017
JP 2019193855 A 07-11-2019
KR 20140044906 A 15-04-2014
RU 2014100685 A 20-08-2015
US 2014249495 Al 04-09-2014
US 2016331594 Al 17-11-2016
US 2016361205 Al 15-12-2016
US 2017065458 Al 09-03-2017
US 2019110932 Al 18-04-2019
WO 2013007973 A2 17-01-2013
ZA 201400318 B 29-10-2014

WO 2018212849 Al 22-11-2018 CN 110612077 A 24-12-2019
EP 3624741 Al 25-03-2020
US 2020107964 Al 09-04-2020
WO 2018212849 Al 22-11-2018

US 2005020955 Al 27-01-2005 AT 547144 T 15-03-2012
AT 550067 T 15-04-2012
AU 2004258980 Al 03-02-2005
AU 2010224311 Al 28-10-2010
BR PI0412215 A 22-08-2006
CA 2531248 Al 03-02-2005
CN 1822874 A 23-08-2006
EA 200600224 Al 25-08-2006
EP 1663380 A2 07-06-2006
EP 2253353 Al 24-11-2010
HK 1090580 Al 14-01-2011

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/016382
Patent document Publication Patent family Publication
cited in search report date member(s) date
IS 8237 A 17-01-2006
JP 4795234 B2 19-10-2011
JP 2006528038 A 14-12-2006
KR 20060052823 A 19-05-2006
MX  PAD6000740 A 30-03-2006
NZ 544731 A 30-05-2008
RS 20060019 A 31-12-2007
SG 144168 Al 29-07-2008
US 2005020955 Al 27-01-2005
WO 2005009488 A2 03-02-2005
ZA 200600462 B 31-01-2007

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

