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(57) ABSTRACT

Described herein are embodiments of a wound dressing
layer. The wound dressing layer may include an open-cell
foam. The foam may have a 50% compression force deflec-
tion of not more than about 4.8 kPa. The foam may also have
a density of at least 24 kg/m>. The foam may exhibit a
density increase of a factor of at least 12 at about -75
mmHg.
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WOUND DRESSING LAYER FOR
IMPROVED FLUID REMOVAL

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/644,296, filed Dec. 14, 2021, which
is a continuation of U.S. patent application Ser. No. 16/473,
169, filed Jun. 24, 2019, which is a U.S. National Stage
Entry of PCT/US2018/012212, filed Jan. 3, 2018, which
claims the benefit, under 35 USC § 119(e), of the filing of
U.S. Provisional patent application Ser. No. 62/444,127,
entitled “Wound Dressing Layer For Improved Fluid
Removal,” filed Jan. 9, 2017. Each of these applications is
incorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The present technology relates to wound dressing
layers for application to a wound, to wound dressings
including such a wound dressing layer, to systems including
such a wound dressing, and to methods related to the same.

BACKGROUND

[0003] Clinical studies and practice have shown that
reducing pressure in proximity to a tissue site can augment
and accelerate growth of new tissue at the tissue site. The
applications of this phenomenon are numerous, but it has
proven particularly advantageous for treating wounds.
Regardless of the etiology of a wound, whether trauma,
surgery, or another cause, proper care of the wound is
important to the outcome. Treatment of wounds or other
tissue with reduced pressure may be commonly referred to
as “negative-pressure therapy,” but is also known by other
names, including “negative-pressure wound therapy,”
“reduced-pressure therapy,” “vacuum therapy,” ‘“‘vacuum-
assisted closure,” and “topical negative pressure,” for
example. Negative-pressure therapy may provide a number
of benefits, including migration of epithelial and subcuta-
neous tissues, improved blood flow, and micro-deformation
of tissue at a wound site. Together, these benefits can
increase development of granulation tissue and reduce heal-
ing times.

[0004] While the clinical benefits of negative-pressure
therapy are widely known, improvements to therapy sys-
tems, components, and processes may benefit healthcare
providers and patients.

BRIEF SUMMARY

[0005] Systems, apparatuses (for example, a wound dress-
ing layer), and methods for using the same, for example, in
a negative-pressure therapy environment, are set forth in the
appended claims. Illustrative embodiments are also provided
to enable a person skilled in the art to make and use the
claimed subject matter.

[0006] For example, disclosed herein are embodiments of
a wound dressing layer. The wound dressing layer may
comprise an open-cell foam. The foam may have a 50%
compression force deflection of not more than about 4.8 kPa.
Also, the foam also has a density of at least 24 kg/m>. The
foam may exhibit a density increase of a factor of at least 12
at about =75 mmHg.

[0007] Also, disclosed herein are embodiments of a nega-
tive-pressure system for providing negative-pressure
therapy to a tissue site. The system may comprise a wound
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dressing layer. The wound dressing layer may comprise an
open-cell foam. The foam has a 50% compression force
deflection of not more than about 4.8 kPa. Also, the foam
may also have a density of at least 24 kg/m?. The foam may
exhibit a density increase of a factor of at least 12 at about
-75 mmHg. Further, the system may comprise a cover
configured to be placed over the wound dressing layer. The
cover may be sealed to tissue surrounding the tissue site to
form a sealed space. Further still, the system may comprise
a negative-pressure source configured to be fluidly coupled
to the sealed space.

[0008] Also disclosed herein are embodiments of a
method for providing negative-pressure therapy to a tissue
site. The method may comprise positioning a wound dress-
ing layer proximate to the tissue site. The wound dressing
layer may comprise an open-cell foam. The foam may have
a 50% compression force deflection of not more than about
4.8 kPa. Also, the foam may also have a density of at least
24 kg/m®. The foam may exhibit a density increase of a
factor of at least 12 at about —75 mmHg. The method may
also comprise placing a sealing member over the wound
dressing layer and sealing the sealing member to tissue
surrounding the tissue site to form a sealed space. The
method may also comprise fluidly coupling a negative-
pressure source to the sealed space. The method may also
comprise operating the negative-pressure source to draw
fluid from the tissue site through the wound dressing layer
and generate a negative pressure in the sealed space.
[0009] Objectives, advantages, and a preferred mode of
making and using the claimed subject matter may be under-
stood best by reference to the accompanying drawings in
conjunction with the following detailed description of illus-
trative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a simplified schematic of an example
embodiment of a negative-pressure therapy system includ-
ing a wound dressing layer in accordance with this specifi-
cation.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0011] The following description of example embodi-
ments provides information that enables a person skilled in
the art to make and use the subject matter set forth in the
appended claims, but may omit certain details already well-
known in the art. The following detailed description is,
therefore, to be taken as illustrative and not limiting.

[0012] The example embodiments may also be described
herein with reference to spatial relationships between vari-
ous elements or to the spatial orientation of various elements
depicted in the attached drawings. In general, such relation-
ships or orientation assume a frame of reference consistent
with or relative to a patient in a position to receive treatment.
However, as should be recognized by those skilled in the art,
this frame of reference is merely a descriptive expedient
rather than a strict prescription.

[0013] Disclosed herein are embodiments of a dressing for
example, a wound dressing comprising a wound dressing
layer for improved fluid removal, referred to herein as a
dressing layer. Also, disclosed herein are embodiments of a
dressing including such a dressing layer, and negative-
pressure therapy systems including the same. Also disclosed
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herein are embodiments of methods related to the dressing
layers, the dressings, and the negative-pressure therapy
systems.

[0014] Referring to FIG. 1, an embodiment of a negative-
pressure therapy system 100 is shown in a simplified sche-
matic. Generally, the negative-pressure therapy system 100
may be configured to provide negative pressure to a tissue
site in accordance with the disclosure of this specification.
[0015] As used herein the term “tissue site” is intended to
broadly refer to a wound, defect, or other treatment target
located on or within tissue, including but not limited to, bone
tissue, adipose tissue, muscle tissue, neural tissue, dermal
tissue, vascular tissue, connective tissue, cartilage, tendons,
or ligaments. A wound may include chronic, acute, trau-
matic, subacute, and dehisced wounds, partial-thickness
burns, ulcers (such as diabetic, pressure, or venous insuffi-
ciency ulcers), flaps, and grafts, for example. The term
“tissue site” may also refer to areas of any tissue that are not
necessarily wounded or defective, but are instead areas in
which it may be desirable to add or promote the growth of
additional tissue.

[0016] In various embodiments, the negative-pressure
therapy system generally includes a negative-pressure sup-
ply, and may include or be configured to be coupled to a
distribution component, such as a wound dressing. In gen-
eral, a distribution component may refer to any complemen-
tary or ancillary component configured to be fluidly coupled
to a negative-pressure supply in a fluid path between a
negative-pressure supply and a tissue site. A distribution
component may be detachable and, as well, may be dispos-
able, reusable, or recyclable. For example, in the embodi-
ment of FIG. 1, the negative-pressure therapy system 100
includes a wound dressing 102 that is illustrative of a
distribution component fluidly coupled to a negative-pres-
sure source 104.

[0017] As will be appreciated by the person of ordinary
skill in the art upon viewing this disclosure, the fluid
mechanics associated with using a negative-pressure source
to reduce pressure in another component or location, such as
within a sealed therapeutic environment, can be mathemati-
cally complex. However, the basic principles of fluid
mechanics applicable to negative-pressure therapy are gen-
erally well-known to those skilled in the art. Herein, the
process of reducing pressure may be described generally and
illustratively herein as “delivering,” “distributing,” “provid-
ing,” or “generating” negative pressure, for example.
[0018] In general, a fluid, such as wound fluid (for
example, wound exudates and other fluids), flow toward
lower pressure along a fluid path. Thus, the term “down-
stream” typically implies something in a fluid path relatively
closer to a source of negative pressure or further away from
a source of positive pressure. Conversely, the term
“upstream” implies something relatively further away from
a source of negative pressure or closer to a source of positive
pressure. Similarly, it may be convenient to describe certain
features in terms of fluid “inlet” or “outlet” in such a frame
of reference. This orientation is generally presumed for
purposes of describing various features and components
herein. However, the fluid path may also be reversed in some
applications (such as by substituting a positive-pressure
source for a negative-pressure source) and this descriptive
convention should not be construed as a limiting convention.
[0019] As used herein, “negative pressure” is generally
intended to refer to a pressure less than a local ambient
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pressure, such as the ambient pressure in a local environ-
ment external to a sealed therapeutic environment provided
by the wound dressing 102. In many cases, the local ambient
pressure may also be the atmospheric pressure proximate to
or about a tissue site. Alternatively, the pressure may be less
than a hydrostatic pressure associated with the tissue at the
tissue site. Unless otherwise indicated, values of pressure
stated herein are gauge pressures. Similarly, references to
increases in negative pressure typically refer to a decrease in
absolute pressure (e.g., a “more negative” pressure), while
decreases in negative pressure typically refer to an increase
in absolute pressure (e.g., a “less negative” pressure or a
“more positive” pressure). While the amount and nature of
negative pressure applied to a tissue site may vary according
to therapeutic requirements, the pressure is generally a low
vacuum, also commonly referred to as a rough vacuum,
between -5 mm Hg (-667 Pa) and -500 mm Hg (-66.7
kPa). Common therapeutic ranges are between —75 mm Hg
(=9.9 kPa) and -300 mm Hg (-39.9 kPa).

[0020] In various embodiments, a negative-pressure sup-
ply, such as the negative-pressure source 104, may be a
reservoir of air at a negative pressure, or may be a manual
or electrically-powered device that can reduce the pressure
in a sealed volume, such as a vacuum pump, a suction pump,
a wall suction port available at many healthcare facilities, or
a micro-pump, for example. A negative-pressure supply may
be housed within or used in conjunction with other compo-
nents, such as sensors, processing units, alarm indicators,
memory, databases, software, display devices, or user inter-
faces that further facilitate therapy. For example, in some
embodiments, the negative-pressure source may be com-
bined with one or more other components into a therapy
unit. A negative-pressure supply may also have one or more
supply ports configured to facilitate coupling and de-cou-
pling of the negative-pressure supply to one or more distri-
bution components.

[0021] Inthe embodiment of FIG. 1, the negative-pressure
therapy system 100 includes a controller 110. The controller
110 may also be coupled to the negative-pressure source
104. The controller 110 may generally be configured to
control one or more operational parameters associated with
the negative-pressure therapy system. While in some
embodiments a negative-pressure therapy system like the
negative-pressure therapy system 100 of FIG. 1 may include
one or more sensors, for example, to measure operating
parameters and provide feedback signals indicative of those
operating parameters to a controller like the controller 110,
in other embodiments, such sensors need not be included, as
will be disclosed herein. For example, in the embodiment of
FIG. 1, the negative-pressure therapy system 100 does not
include any pressure sensor coupled a distribution compo-
nent (such as the wound dressing 102) and to the controller
110 and configured to provide feedback to the controller 110,
such as the pressure within the distribution component. In
such an embodiment, the controller 110 may be character-
ized as an “open loop” controller. A controller, such as the
controller 110, may be a microprocessor or computer pro-
grammed to operate one or more components of the nega-
tive-pressure therapy system 100, such as the negative-
pressure source 104. In some embodiments, for example, the
controller 110 may be a microcontroller, which generally
comprises an integrated circuit containing a processor core
and a memory programmed to directly or indirectly control
one or more operating parameters of the negative-pressure
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therapy system 100. Operating parameters may include the
power applied to the negative-pressure source 104, the
pressure generated by the negative-pressure source 104, or
the pressure distributed to the dressing layer 108, for
example. The controller 110 may also be configured to
receive one or more input signals, such as an input signal
from a user interface.

[0022] In some embodiments, the negative-pressure
source 104 may be operatively coupled to the wound dress-
ing 102 via a dressing interface. In the embodiment of FIG.
1, the wound dressing 102 is coupled to the negative-
pressure source 104 such that the wound dressing 102
receives negative pressure from the negative-pressure
source 104. In some embodiments, the negative-pressure
therapy system 100 may include a fluid container, such as a
container 112, fluidly coupled to the wound dressing 102 and
to the negative-pressure source 104. The container 112 is
representative of a container, canister, pouch, or other stor-
age component, which can be used to manage exudates and
other fluids withdrawn from a tissue site. In many environ-
ments, a rigid container may be preferred or required for
collecting, storing, and disposing of fluids. In other envi-
ronments, fluids may be properly disposed of without rigid
container storage, and a re-usable container could reduce
waste and costs associated with negative-pressure therapy.

[0023] In various embodiments, components may be flu-
idly coupled to each other to provide a path for transferring
fluids (i.e., liquid and/or gas) between the components. For
example, components may be fluidly coupled through a fluid
conductor, such as a tube. As used herein, the term “tube” is
intended to broadly include a tube, pipe, hose, conduit, or
other structure with one or more lumina adapted to convey
a fluid between two ends thereof. Typically, a tube is an
elongated, cylindrical structure with some flexibility, but the
geometry and rigidity may vary. In some embodiments, two
or more components may also be coupled by virtue of
physical proximity, being integral to a single structure, or
being formed from the same piece of material. Moreover,
some fluid conductors may be molded into or otherwise
integrally combined with other components. Coupling may
also include mechanical, thermal, electrical, or chemical
coupling (such as a chemical bond) in some contexts. For
example, a tube may mechanically and fluidly couple the
wound dressing 102 to the container 112 in some embodi-
ments. In general, components of the negative-pressure
therapy system 100 may be coupled directly or indirectly.
For example, the negative-pressure source 104 may be
directly coupled to the controller 110, and may be indirectly
coupled to the wound dressing 102, for example, through the
container 112.

[0024]

[0025] Often, in the context of negative-pressure therapy,
negative pressure may be applied to a tissue site (e.g., a
wound) via materials and devices generally characterized as
“wound dressings.” Generally, in addition to providing for
the application of negative pressure to a tissue site, wound
dressings may control bleeding, ease pain, assist in debrid-
ing the wound, protect wound tissue from infection, modu-
late protease activity, or otherwise promote healing and
protect the wound from further damage. In some embodi-
ments, a wound dressing may include a cover, one or more
layers configured to interface with the tissue site, or com-
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binations thereof. For example, in the embodiment of FIG.
1, the wound dressing 102 includes a dressing layer 108 and
a cover 106.

[0026] Wound Dressing—Cover

[0027] In various embodiments, the cover 106 may gen-
erally be configured to provide a bacterial barrier and
protection from physical trauma. The cover 106 may also be
constructed from a material that can reduce evaporative
losses and provide a fluid seal between two components or
two environments, such as between a therapeutic environ-
ment and a local external environment. The cover 106 may
be, for example, an elastomeric film or membrane that can
provide a seal adequate to maintain a negative pressure at a
tissue site for a given negative-pressure source. In some
embodiments, the cover 106 may have a high moisture-
vapor transmission rate (MVTR), for example, for some
applications. In such an embodiment, the MVTR may be at
least 300 g/m? per twenty-four hours. In some embodiments,
the cover 106 may be formed from a suitable polymer. For
example, the cover 106 may comprise a polymer drape, such
as a polyurethane film, that may be permeable to water vapor
but generally impermeable to liquid. In such embodiments,
the drape may have a thickness in the range of about from
25 to about 50 microns. In embodiments where the cover
comprises a permeable material, the cover 106 may have a
permeability sufficiently low that a desired negative pressure
may be maintained.

[0028] In some embodiments, the cover 106 may be
configured to be attached to an attachment surface, such as
undamaged epidermis, a gasket, or another cover, for
example, via an attachment device. For example, in the
embodiment of FIG. 1, the cover is shown attached to
epidermis so as to form a sealed space 107. In such an
embodiment, the attachment device may take any suitable
form. For example, an attachment device may be a medi-
cally-acceptable, pressure-sensitive adhesive that extends
about a periphery, a portion, or an entire sealing member. In
some embodiments, for example, some or all of the cover
106 may be coated with an acrylic adhesive having a coating
weight between 25-65 grams per square meter (g.s.m.).
Thicker adhesives, or combinations of adhesives, may be
applied in some embodiments, for example, to improve the
seal and reduce leaks. Other example embodiments of an
attachment device may include a double-sided tape, a paste,
a hydrocolloid, a hydrogel, a silicone gel, or an organogel.
[0029] Wound Dressing—Dressing layer

[0030] In various embodiments, the dressing layer 108
may be generally configured to distribute negative pressure,
for example, so as to collect fluid. For example, in some
embodiments, the dressing layer 108 may comprise or be
configured as a manifold. A “manifold” in this context
generally includes any composition or structure providing a
plurality of pathways configured to collect or distribute fluid
across a tissue site under pressure. For example, a manifold
may be configured to receive negative pressure from a
negative-pressure source and to distribute negative pressure
through multiple apertures (pores), which may have the
effect of collecting fluid and drawing the fluid toward the
negative-pressure source. More particularly, in the embodi-
ment of FIG. 1, the dressing layer 108 is configured to
receive negative pressure from the negative-pressure source
104 and to distribute the negative pressure through the
dressing layer 108, for example, which may have the effect
of collecting fluid from the sealed space 107, for example,
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by drawing fluid from the tissue site through the dressing
layer 108. In additional or alternative embodiments, the fluid
path(s) may be reversed or a secondary fluid path may be
provided to facilitate movement of fluid across a tissue site.
[0031] In some illustrative embodiments, the fluid path-
ways of a manifold may be interconnected to improve
distribution or collection of fluids. In some embodiments, a
manifold may be a porous foam material having a plurality
of interconnected cells or pores. For example, cellular
foams, open-cell foams, and reticulated foams generally
include pores, edges, and/or walls adapted to form intercon-
nected fluid pathways such as, channels. In various embodi-
ments, foam-forming materials may be formed into a foam,
such as by curing, so as to include various apertures and fluid
pathways. In some embodiments, a manifold may addition-
ally or alternatively comprise projections that form inter-
connected fluid pathways. For example, a manifold may be
molded to provide surface projections that define intercon-
nected fluid pathways.

[0032] In the embodiment of FIG. 1, the dressing layer
108 comprises or consists essentially of a foam, for example,
an open-cell foam, a reticulated foam, or combinations
thereof. In such an embodiment, the average pore size of
such a foam may vary according to needs of a prescribed
therapy. For example, in some embodiments, the dressing
layer 108 may be a foam having pore sizes in a range of
400-600 microns. The tensile strength of the dressing layer
108 may also vary according to needs of a prescribed
therapy.

[0033] In various embodiments, the dressing layer 108
may be generally configured to be in contact with the tissue
site. For example, the dressing layer 108 may be in contact
with a portion of the tissue site, substantially all of the tissue
site, or the tissue site in its entirety. If the tissue site is a
wound, for example, the dressing layer 108 may partially or
completely fill the wound, or may be placed over (e.g.,
superior to) the wound. In various embodiments, the dress-
ing layer 108 may take many forms, and may have many
sizes, shapes, or thicknesses depending on a variety of
factors, such as the type of treatment being implemented or
the nature and size of a tissue site. For example, the size and
shape of the dressing layer 108 may be adapted to the
contours of deep and irregular shaped tissue sites and/or may
be configured so as to be adaptable to a given shape or
contour. Moreover, in some embodiments, any or all of the
surfaces of the dressing layer 108 may comprise projections
or an uneven, course, or jagged profile that can, for example,
induce strains and stresses on a tissue site, for example,
which may be effective to promote granulation at the tissue
site.

[0034] Foam materials may be characterized by an elastic
modulus, which may also be referred to as a foam modulus.
Generally, the elastic modulus of a material, such as the
dressing layer 108, may be a measure of the resistance of the
material to elastic deformation under a load. The elastic
modulus of a material may be defined as the slope of a
stress-strain curve in the elastic deformation region of the
curve. The elastic deformation region of a stress-strain curve
represents that portion of the curve where deformation of a
material due to an applied load is elastic, that is, not
permanent. If the load is removed, the material may return
to its pre-loaded state. Generally, relatively “stiff” or
“stiffer” materials may exhibit a relatively high elastic
modulus and, conversely, relatively more compliant mate-
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rials may exhibit a relatively low elastic modulus. Generally,
a reference to the elastic modulus of a material refers to a
material under tension.

[0035] Similarly, for some materials under compression,
the elastic modulus can be compared between materials by
comparing the compression force deflection of the respec-
tive materials. For instance, the compression force deflection
may be determined experimentally by compressing a sample
of'a material until the sample is reduced to about 25% of its
uncompressed size. Alternatively, the compression force
deflection may also be measured by compressing a sample
of a material to about 50% of its uncompressed size.
Generally, the load applied to the sample to reach the
compressed state of the sample is then divided by the area
of the sample over which the load is applied to yield the
compression force deflection. The compression force deflec-
tion of a foam material can, inter alia, be a function of
compression level, polymer stiffness, cell structure, foam
density, and cell pore size.

[0036] In some embodiments, the dressing layer 108 may
be characterized as a relatively soft material. For example,
in some embodiments, the dressing layer 108 may have a
50% compression force deflection of not more than about
4.8 kPa, for example, from about 0.5 kPa to about 4.8 kPa
or, in a more particular embodiment, from about 2.0 kPa to
about 4.8 kPa. That is, the dressing layer 108 may exhibit
compression of about 50% of its uncompressed size if a load
of not more than about 4.8 kPa is applied to the dressing
layer 108. Additionally, compression force deflection can
represent the tendency of a foam to return to its uncom-
pressed state if a load is applied to compress the foam. For
example, a dressing layer 108 comprising or consisting
essentially of foam and characterized having a 50% com-
pression force deflection of about 4.8 kPa may exert about
4.8 kPa in reaction to 50% compression.

[0037] Further, foam materials, for example, the dressing
layer 108, may be characterized with respect to density. In
some embodiments, the dressing layer 108 may be charac-
terized as a relatively dense material. For example, in
various embodiments, the dressing layer 108 may have a
density of from about 24 kg/m®> to about 125 kg/m> or, in a
more particular embodiment, from about 24 kg/m> to about
72 kg/m®.

[0038] Also, foam materials may be characterized as hav-
ing a particular free volume. In some embodiments, the
dressing layer 108 may have a free volume resulting from,
for example, pores, channels, and other void-spaces within
a foam material. For example, in various embodiments, a
foam dressing layer 108 may be characterized as exhibiting
a suitable free volume, which may be calculated as the mass
of the foam divided by the density of the foam.

[0039] Foam materials may also be characterized by a
particular porosity and pore size. The number of pores and
the average pore size of the foam may vary according to
needs of a prescribed therapy. For example, in various
embodiments, a foam dressing layer 108 may be character-
ized as exhibiting a porosity of from about 20 pores per inch
to about 120 pores per inch. Additionally, in various embodi-
ments, a foam dressing layer 108 may have an average pore
size in a range of from about 400 to about 600 microns.
[0040] Foam materials may also be characterized with
respect to changes in density upon the application of a
compressive force. For example, as noted herein, a foam
may exhibit a particular compression force deflection (e.g.,
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compression resultant from the application of a force to the
foam). More particularly, a foam embodiment of the dress-
ing layer 108 may be characterized as exhibiting a change in
density responsive to the application of a particular negative
pressure, for example, a negative pressure effective to cause
the ambient, atmospheric pressure to exert a compressing
force with respect to a foam piece within a sealed space to
which the negative pressure is applied The density change
may be observed by placing a foam a onto a flat surface,
such as a sheet of plastic or metal, placing a flexible drape
over the foam, connecting the interior space to a particular
negative pressure, and measuring the thickness of foam at
various applied negative pressures. For example, in some
embodiments, the dressing layer 108 may be characterized
as exhibiting a density increase of a factor of at least 5 (that
is, the dressing layer 108 becomes five times more dense) at
about —25 mmHg, a density increase of a factor of at least
9 at about -50 mmHg, a density increase of a factor of at
least 12 at about —75 mmHg, a density increase of a factor
of at least 14 at about —100 mmHg, a density increase of a
factor of at least 16 at about —125 mmHg, or combinations
thereof. For example, in some embodiments, the dressing
layer 108 may be characterized as exhibiting a density
increase of a factor of at least 5 at about -25 mmHg, a
density increase of a factor of at least 9 at about —50 mmHg,
a density increase of a factor of at least 12 at about -75
mmHg, a density increase of a factor of at least 14 at about
-100 mmHg, and a density increase of a factor of at least 16
at about =125 mmHg.

[0041] In some embodiments, the dressing layer 108 may
be hydrophobic. For example, the dressing layer 108 may be
characterized as a hydrophobic, open-cell foam. Not intend-
ing to be bound by theory, in such an embodiment, the
hydrophobic characteristics may prevent the foam from
directly absorbing fluid, such as wound exudate (e.g., from
the tissue site), but may allow the fluid to pass, for example,
through the internal structure. For example, in some embodi-
ments, the foam may be a hydrophobic, open-cell polyure-
thane foam, a silicone foam, a polyether block amide foam,
such as PEBAX®, an acrylic foam, a polyvinyl chloride
(PVC) foam, a polyolefin foam, a polyester foam, a poly-
amide foam, a thermoplastic elastomer (TPE) foam such as
a thermoplastic vulcanizate (TPV) foam, and other cross-
linking elastomeric foam such as foams formed from sty-
rene-butadiene rubber (SBR) and ethylene propylene diene
monomer (EPDM) rubber.

[0042] In an alternative embodiment, the dressing layer
108 may be hydrophilic. Not intending to be bound by
theory, in such an embodiment, the dressing layer 108 may
be effective to wick fluid (e.g., away from the tissue site), for
example, while also continuing to distribute negative pres-
sure to the tissue site. Not intending to be bound by theory,
in such an embodiment, the wicking properties of the
dressing layer 108 may draw fluid away from the tissue site
by capillary flow or other wicking mechanisms. An example
of a hydrophilic foam may include a polyvinyl alcohol or
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polyether, open-cell foam. Other foams that may exhibit
hydrophilic characteristics include hydrophobic foams that
have been treated or coated to provide hydrophilicity. In one
non-limiting example, the dressing layer 108 may be a
treated open-cell polyurethane foam.

[0043] In various embodiments, the dressing layer 108
may be freeze dried, such as through lyophilization.

[0044] Methods

[0045] In operation, for example, in the context of a
negative-pressure therapy, the dressing layer 108 may be
placed within, over, on, or otherwise proximate to a tissue
site, for example, a wound. The cover 106 may be placed
over the dressing layer 108 and the cover 106 sealed to an
attachment surface near the tissue site. For example, the
cover 106 may be sealed to undamaged epidermis peripheral
to a tissue site. Thus, the wound dressing 102, for example,
the dressing layer 108 and the cover 106, can provide a
sealed therapeutic environment, for example, a sealed space
like sealed space 107, proximate to a tissue site, substan-
tially isolated from the external environment. The negative-
pressure source 104 may be used to reduce the pressure in
such sealed therapeutic environment. For example, negative
pressure applied across the tissue site, for example, via the
dressing layer 108 can induce macrostrain and microstrain in
the tissue site, as well as remove exudates and other fluids
from the tissue site, which can be collected in container 112.

[0046]

[0047] The dressing layer, wound dressings including
such a layer, and negative-pressure therapy systems dis-
closed herein may provide significant advantages, for
example, when used in a negative-pressure therapy, as also
disclosed herein.

[0048] In some embodiments, the disclosed dressing lay-
ers, wound dressings, and systems may be advantageously
employed in the context of negative-pressure therapy, for
example, to improve removal of wound fluid, such as wound
exudate, for example, via the application of negative pres-
sure. For example, a dressing layer of the type disclosed
herein, for example, a foam dressing layer characterized as
a relatively soft material, characterized as relatively more
dense, and/or characterized as exhibiting a relatively high
density increase at a particular negative pressure, may
improve the quantity of fluid removed from a wound, the
efficiency with which fluid is removed, or both. For
example, and not intending to be bound by theory, fluid
removal may be dependent upon the free volume within the
foam and the compressibility of the foam. For example,
generally, a foam having a relatively higher density and
characterized as relatively softer, for example, having a
relatively higher compression force deflection and/or char-
acterized as exhibiting a relatively high density increase,
will have a lesser free volume when compressed and, as
such, will be more able to expel fluid. Referring to Table 1,
below, the results of testing with regard to several foams
varying as to density and/or pore size are shown:

Advantages

Sample 1 Sample 2
(Granufoam)  (45MC F3) Sample 3 (45SMA F3) Sample 4 (45MA F5)
Density 4.8 15 15 20
(kg/m?)
Pore Size 400- p 120- p 120- p 80-
(ppi) 600 200 200 130
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-continued
Sample 1 Sample 2
(Granufoam)  (45MC F3) Sample 3 (45MA F3) Sample 4 (45MA F5)
Saline 70 ml 60 ml 60 ml 55 ml
Collected
Wet Dressing 6734 g 83.64 g 66.87 g 7057 g
Weight
Fluid in 584 g 1548 g 16.06 g 21.03 g
Dressing (g)
Fluid in 5.89 ml 15.60 ml 16.19 ml 21.20 ml

Dressing (mL)

[0049] As shown in Table 1, the lowest-density foam
yielded the highest quantity of fluid removal. The two foams
having a density of 15 kg/m’ yielded very similar quantities
of fluid removal; these foams yielded less fluid removal than
the lowest-density foam, but more than the highest-density
foam. The highest-density foam yielded the lowest quantity
of fluid removal. Again not intending to be bound by theory,
the above-testing generally demonstrates that lower foam
densities tend to yield improved fluid removal, potentially,
because of the corresponding stiffness of the more dense
foams. More particularly, a more stiff foam may tend to
oppose compression, for example, from the application of
negative pressure, thereby allowing more fluid to remain in
its pores. Also, a relatively low-density foam may have a
relatively high free volume in which fluid can accumulate.
Finally, a relatively high-density, low stiffness foam may
tend to expel more fluid than a comparable foam with the
same density but relatively higher stiffness, for example, in
that the relatively stiffer foam is less able to be compress
under a compressive force.

[0050] Thus, the dressing layers, the wound dressings
including such a layer, and the negative-pressure therapy
systems disclosed herein may allow for the modulation of
fluid removal for example, from a tissue site, such as a
wound, even when utilizing a system that does not provide
feedback, such negative-pressure feedback, to the negative-
pressure source and/or controller. As such, the disclosed
dressing layers, the wound dressings including such a layer,
and the negative-pressure therapy systems may allow for
improved fluid removal, for example, such that an open-loop
feedback system may be capable of achieving similar fluid
removal to a closed-loop system having feedback but
employing a conventional wound dressing layer. As used
herein, an “open-loop system,” which may also be referred
to as a non-feedback system, may refer to a system in which
an output from the system has no influence or effect on the
control action of an input signal. For example, in an open-
loop control system the output may not be “fed back™ for
purposes of altering the input. Also, as used herein, a “closed
loop system,” which may also be referred to as a feedback
system, may refer to a system having one or more feedback
loops between an output and an input. For example, in a
closed-loop system some portion of the output may be
returned “back” so as to alter the input.

[0051] The term “about,” as used herein, is intended to
refer to deviations in a numerical quantity that may result
from various circumstances, for example, through measur-
ing or handling procedures in the real world; through
inadvertent error in such procedures; through differences in
the manufacture, source, or purity of compositions or
reagents; from computational or rounding procedures; and

the like. Typically, the term “about” refers to deviations that
are greater or lesser than a stated value or range of values by
V1o of the stated value(s), e.g., *10%. For instance, a
concentration value of “about 30%” refers to a concentration
between 27% and 33%. Each value or range of values
preceded by the term “about” is also intended to encompass
the embodiment of the stated absolute value or range of
values. Whether or not modified by the term “about,”
quantitative values recited in the claims include equivalents
to the recited values, for example, deviations from the
numerical quantity, but would be recognized as equivalent
by a person skilled in the art.

[0052] The appended claims set forth novel and inventive
aspects of the subject matter disclosed and described above,
but the claims may also encompass additional subject matter
not specifically recited in detail. For example, certain fea-
tures, elements, or aspects may be omitted from the claims
if not necessary to distinguish the novel and inventive
features from what is already known to a person having
ordinary skill in the art. Features, elements, and aspects
described herein may also be combined or replaced by
alternative features serving the same, equivalent, or similar
purpose without departing from the scope of the invention
defined by the appended claims.

What is claimed is:

1. A dressing for treating a tissue site, the dressing
comprising a reticulated foam having a 50% compression
force deflection of not more than about 4.8 kPa, a density of
at least 24 kg/m3, and exhibiting a density increase of a
factor of at least 12 at about —75 mmHg.

2. The dressing of claim 1, wherein the 50% compression
force deflection is not more than about 4.5 kPa.

3. The dressing of claim 1, wherein 50% compression
force deflection is not more than about 4.0 kPa.

4. The dressing of claim 1, wherein the 50% compression
force deflection is not more than about 3.5 kPa.

5. The dressing of claim 1, wherein the 50% compression
force deflection is not more than about 3.0 kPa.

6. The dressing of claim 1, wherein the density is at least
28 kg/m3.

7. The dressing of claim 1, wherein the density is at least
32 kg/m3.

8. The dressing of claim 1, wherein the density is at least
36 kg/m3.

9. The dressing of claim 1, wherein the density is at least
40 kg/m3.

10. The dressing of claim 1, wherein the density increase
is a factor of at least 5 at about -25 mmHg.

11. The dressing of claim 1, wherein the density increase
is a factor of at least 9 at about -50 mmHg.
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12. The dressing of claim 1, wherein the density increase
is a factor of at least 14 at about —100 mmHg.

13. The dressing of claim 1, wherein the density increase
of a factor is at least 16 at about —125 mmHg.

14. The dressing of claim 1, wherein the reticulated foam
is hydrophobic.

15. The dressing of claim 1, wherein the reticulated foam
is formed from polyurethane.

16. The dressing of claim 1, wherein the reticulated foam
is hydrophilic.

17. The dressing of claim 1, wherein the reticulated foam
is lyophilized.

18. A kit for treating a tissue site, the kit comprising:

a reticulated foam having a 50% compression force
deflection of not more than about 4.8 kPa, a density of
at least 24 kg/m3, and exhibiting a density increase of
a factor of at least 12 at about =75 mmHg; and

a polymer drape.

19. The kit of claim 18, wherein the polymer drape has a
moisture-vapor transmission rate of at least 300 grams/
meter” per twenty-four hours.

20. The kit of claim 18, further comprising a negative-
pressure source.
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