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NEGATIVE PRESSURE WOUND CLOSURE BEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

(6001 The application claims the benefit of U.S. Provisional Application No.
61/893,821, filed October 21, 2013, entitled TISSUE ANCHORING DEVICE, US.
Provisional Application No. 61/913,210, filed December 6, 2013, entitled TEARABLE
WOUND TREATMENT AND CLOSURE DEVICES, U.S. Provisicnal Application No.
61/930,414, filed Jamuary 22, 2014, entitled NEGATIVE PRESSURE WOUND CLOSURE
DEVICE, U.S. Provisional Application No. 61/930,436, filed January 22, 2014, entitled
NEGATIVE PRESSURE WOUND CLOSURE DEVICE, U.S. Provisional Application No.
61/930,426, filed Jamuary 22, 2014, entitlied NEGATIVE PRESSURE WOUND CLOSURE
DEVICE, U.S. Provisional Application No. 61/930,427, filed January 22, 2014, entitled
NEGATIVE PRESSURE WOUND CLOSURE DEVICE, U.S. Provisional Application No.
61/930,423, filed Jampary 22, 2014, entitied NEGATIVE PRESSURE WOUND CLOSURE
DEVICE, U.S. Provisional Application No. 61/930,913, filed January 23, 2014, entitled
NEGATIVE PRESSURE WOUND CLOSURE DEVICE, and U.S. Provisional Application
MNo. 62/051,834, filed Scptember 17, 2014, entitled NEGATIVE PRESSURE WOUND
CLOSURE DEVICE. The contents of the aforementioned applications are hereby
incorporated by reference in their entirctics as if fully set forth herein. The benefit of priority
to the foregoing applications s claimed under the appropriate legal basis, including, withount

Livattation, under 35 US.C. §119(e).

BACKGROUND OF THE INVENTION

Field of the Invention

[6662] This application describes cmbodiments of apparatuscs, methods, and
systems for the freatment of wounds, specifically to aid in the closure of large wounds, in

conpunction with the administration of negative pressure.

Description of the Related Art
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(6003} Negative pressure wound therapy has been used in the treatment of
wounds, and in many cascs can improve the rate of healing while also removing exudates
and other deleterious substances from the wound site.

[6084] Abdominal compartment syndrome is caused by fhuid accumulation in the
peritoneal space due to edema and other such causes, and resulis in greatly increased intra-
abdominal pressure that may cause organ fatlure eventually resulting in death. Causcs may
inclnde sepsis or severe trauma.  Treatment of abdominal compartment syndrome may
require an abdominal incision to permit decompression of the abdominal space, and as such,
a large wound may be created onto the patient. Closure of this wound, while minimizing the
risk of secondary infections and other complications, and after the underlying cdema has
subsided, then becomes a priority. However, acnte open abdominal conditions may be caused
by other reasons in addition to compartment syndrome, as described further below.

[6085] Other large or incisional wounds, cither as a result of surgery, trauma, or
other conditions, may also require closure.  For example, wound resulting from
sterniotomdes, fasciotomics, and other abdominal wounds may require closure.  Wound
dehiscence of cxisting wounds is another complication that may arise, possibly duc to
incomplete underlying fascial closure, or secondary factors such as infection.

{6006} Existing negative pressure treatment systems, while permitting eventual
wound closure, still require lengthy closure times.  Although these may be combined with
other tissue scourement means, such as sufures, there is also a risk that underlying muscular
and fascial tissue is not appropriately reapproximated so as to permit complete wound
closure.  Further, when foam or other wound fillers are inserted into the wound, the
application of negative pressure to the wound and the foam may cause atmospheric pressure
to bear down onto the wound, compressing the foam downward and outward against the
margins of the wound. This downward compression of the wound filler slows the healing
process and slows or prevents the joining of wound margins. Additionally, mflammation of
the fascia in the form of certain types of fasciitis can lead to rapid and excessive tissuc loss,
potentially meriting the need for wmore advanced negative pressure treatment systems.
Accordingly, there is a need to provide for an improved apparatus, method, and systern for
the treatment and closure of wounds.

SUMMARY OF THE INVENTION

D
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(6007} Embodiments of the present invention relate to negative pressure wound
closure devices, methods, and systoms that facilitate closure of a wound. It will be
understood by onc of skill in the art that the wounds described herein this specification may
encompass any wound, and are not limited to a particular location or type of wound., The
devices, methods, and systeros may operate to reduce the need for repetitive replacement of
wound filler material currently cmployed and can advance the rate of healing. The devices,
methods, and systems may be simultancously used with negative pressure to remove wound
flnids.

[6008] In onc cmbodiment, an apparatus for treating a wound with negative
pressure wound therapy may comprise:

a stabilizing struchure for insertion into or over a wound, the stabilizing
structure configured to collapse under negative pressure, the stabilizing structure
having a length cxtending along a central longitudinal axis of the stabilizing structure,
a width transverse to the length extending along a central transverse axis of the
stabilizing structare, and a thickness transverse to the length and the width, wherein
the length and width are greater than the thickness, and wherein the stabilizing
stricture compriscs:

a first side and a second side extending the length of the stabilizing
structure, and a third side and a fourth side extending the width of the
stabilizing structure, wherein the first side is opposite the sceond side and the
third side is opposite the fourth side, and whercin the first side and the second
side are curved or bent outwardly relative to the central longitudinal axis to
provide an outer perimeter of the stabilizing structure with an at least partially
cliiptical shape;

a plurality of clongate strips extending the length of the stabilizing
structure from the third side to the fourth side, wherein the plurality of
clongate sirips comprise outermost clongate sirips defining the first and
sceond sides of the stabilizing structure and a plurality of inner clongate strips
positioned between the outermost elongate strips;

a phurality of intervening members connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative

-3
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to the strips to aliow the plurality of clongate strips to collapse relative to one
another; and

a plurality of cells provided side-by-side in a horizontal plane parallel
to the fength and width of the stabilizing structure, each cecll defined by a
phlurality of walls extending in a vertical direction perpendicular to the
horizontal plane and formed by cither the clongate strips or the intervening
members, cach cell having a top end and a bottom end with an opening
extending through the top and bottom ends;

wherein the stabilizing structure is configured to collapse more in the
horizontal plane than in the vertical direction by collapsing the plurality of
cells.

(60091 In some embodiments, the length of the stabilizing structure is greater than
the width of the stabilizing structure. The third and fourth sides may form a zig-zag shape
defined by intervening members between adjacent clongate strips. The stabilizing structure
may be symmetrical about the central longitudinal axis. The stabilizing structure may be
symmetrical about the central transverse axis. Some embodirents may call for a straight,
central inner clongate strip provided along the contral longitudinal axis of the stabilizing
structure. In certain embodiments, the apparatus may comprise a phurality of straight inner
clongate strips. The apparatus may comprise inner elongate strips provided on opposite sides
of the longitudinal axis that are curved or bent outwardly relative to the longitudinal axis. In
certain embodiments, cach of the clongate strips may be arranged in semi-paralicl. In some
embodiments, some of the cells are diamond-shaped. Some of the diamond-shaped cells may
be subdivided from larger diamond-shaped cells. In some embodiments, some of the cells are
parallelpiped-shaped. In certain embodiments, the stabilizing structure may comprise a
plurality of cells having four sides, wherein the dimensions of cach of the cells having four
sides is defined by the formmifa a + b = ¢ + d, wherein a, b, ¢ and d arc the lengths of
individual sides of the cell, and wherein lengths a and ¢ are provided on adjacent clongate
strips defining the cell and lengths b and d are provided on adjacent intervening merabers
defining the cell. In some embodiments, the lengths of the cells along an clongate strip are
progressively longer toward the central transverse axis. In certain embodiments, a lower

portion of the stabilizing stracture is concave. In some embodiments, an upper portion of the
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stabilizing structure is convex. In some embodiments, the stabilizing structure may be is
tearable. The stabilizing structure may further comprise weakened scctions, the weakened
sections configured to be torn.

(6016} In another embodiment, an apparatus for treating a wound with negative
pressure wound therapy comprises:

a stabilizing structure for inscriion into or over a wound, the stabilizing
structure configured to collapse under negative pressure;

wherein the stabilizing struchure has a concave surface along at least a lower
portion of the stabilizing structure.

(0811 The stabilizing structure may further comprise:

a pharality of cells provided side-by-side, each cell defined by one or more
walls, cach cell having a top end and a bottom end with an opening extending through
the top and bottom cnds;

wherein the stabilizing structure is configured to collapse by collapsing one or
more cells.

(60121 In some cmbodiments, the stabilizing structure may have an outer
perimeter that defines an at least partially elliptical shape.

[6013] In another embodiment, an apparatus for treating a wound with negative
pressure wound therapy comprises:

a stabilizing structure for inscrtion into or over a wound, the stabilizing
structire configured to collapse under negative pressure, wherein the stabilizing
structure comprises:

a plurality of cclls provided side-by-side, cach cell defined by onc or more
walls, cach cell having a top end and a bottom ond with an opening cxtending through
the top and bottom ends;

wherein the stabilizing structure 1s configured to collapse by collapsing one or
more cells;

wherein the stabilizing structure has an outer perimeter defining an at least
partially cliptical shape.

60141 In certain embodiments, the stabilizing structure comprises:

a plurality of clongate strips; and

o
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a plurality of intervening members connecting the elongate strips, wherein the
plurality of intervening roembers are configured to pivot relative to the strips to allow
the plurality of clongate strips to collapse relative to onc another.

[8015] The stabilizing structure may comprise one or more rows of cells between
adjacent strips configured to collapse in a first direction, and one or more rows of cells
between adjacent strips configured to collapse in a sccond direction opposite the first
direction. The clongate strips can be parallel to cach other and/or they may be curved along
their lengths. In certain embodiments, at least some of the clongate strips may be curved
along thetr lengths outward away from a center of the stabilizing structure. Some of the
clongate strips may be connected at their ends. Some of the elongate strips may have regions
of increased flexibility to allow for lengthening or shortening of the clongate strips. In certain
embodiments, a lower portion of the stabilizing structure may be concave in a first horizontal
direction and a second horizontal direction perpendicular to the first horizontal direction. In
some embodiments, an upper portion of the stabilizing structure is convex along at least an
upper portion of the stabilizing structure. An upper portion of the stabilizing structure may be
convex in a first horizontal direction and a second horizontal direction perpendicular fo the
first horizontal direction. In certain embodiments, the stabilizing strocture may be pre-
formed to have either or both of a concave lower surface and a convex upper surface. The
stabilizing structure can have an outer perimeter defining a bi-elliptical shape. In some
embodiments, the stabilizing structure 1s configured to be placed into an abdominal wound
and conform to the shape of internal organs. In somce embodiments, the apparatus may
comprise one or more wound covers configured to be placed over the stabilizing structure to
maintain negative pressure over the wound. The apparatus may further comprise 8 negative
pressure port configured to deliver negative pressure to the stabilizing structore to cause the
stabilizing structure to collapse. In certain embodiments, the apparatus can comprise a
negative pressure source configured to deliver negative pressure to the stabilizing structure to
cause the stabilizing structure to coliapse.

6016} In another cmbodiment, an apparatus for freating a wound comprises:

a wound filler comprising an initial elliptical shape having a first curved side

and a second curved side opposite the first curved side; and
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a first pharality of designated pre~-cut lings formed in the wound filler, wherein
cach of said pre-cut Hnes intersects the second curved side of the wound filler and has
a curvature following that of the first curved side such that removal of a portion of the
wound filler along one of the designated pre-cut lines provides a remaining wound
filler having a smalier elliptical shape than the intial elliptical shape.

(6017} The wound filler may comprise a porous material, In some embodiments,
the wound filler can comprise a stabilizing structure. Some embodiments may call for the
apparatus to further comprise a second plarality of designated pre-cut lines that intersect with
the first plurality of designated pre-cut hines, the first curved side and the second curved side.
In certain embodiments, the apparatus may further comprise anchors provided on the second
curved side.

[6018] In another embodiment, a wound closure device may comprise:

a stabilizing structure for insertion into a wound, the stabilizing structure
having a length, a width transverse to the length and a thickness transverse to the
length and the width, wherein the length and width are greater than the thickness, and
wherein the stabilizing structure comprises an outer perimeter comprising at least one
outer wall, and wherein the stabilizing structure is configured to collapse morc in a
horizontal plane paralle] to the length and width of the stabilizing structure than in a
vertical plane perpendicular to the horizontal plane; and

at least onc stabilizing clip attachable to the outer wall of the stabilizing
structure, the stabilizing clip configured to extend outward into the surrounding tissue
and prevent the stabilizing structure from lifting upwards in a dirgction out of the
wound.

(6019 In some¢ embodiments, the stabilizing structure may comprise a plurality
of cells provided side-by-side, cach cell defined by one or more walls, each cell having a top
end and a bottom end with an opening extending through the top and bottom ends, and
wherein the stabilizing structure is configured to collapse by collapsing onc or more cells.
The junctions between the walls of the stabilizing structure can be thinned and configured to
rotaie,

(8026} In some embodiments, the stabilizing structure may comprise:

a plurality of clongate strips; and

7
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a plurality of intervening members connecting the elongate strips, wherein the
plurality of intervening roembers are configured to pivot relative to the strips to allow
the plurality of clongate strips to collapse relative to onc another.

(6021} The stabilizing structure may have a first side and a second side extending
along the length of the stabilizing structure, and a third side and a fourth side extending along
the width of the stabilizing structure, whercin the first side is opposite the second side and
the third side is opposite the fourth side. In some embodiments, the first and sccond sides
define flat surfaces that are parallel to cach other. The first and second sides may define a
curved shape. The third and fourth sides mway comprise a zig-zag shape. In some
cmbodiments the stabilizing clip 1s rigid. In certain embodiments there may be more than onc
stabilizing clip. The stabilizing c¢lip may comprise an attachment portion configured to clip to
a wall of the stabilizing structure and a securing portion that extends outward from the
attachunent portion in a horizontal direction. The securing portion may extend from a lower
end of the attachment portion. The securing portion may extend from an upper end of the
attachment portion. In some embodiments, the stabilizing clip comprises a first securing
portion extending outward from an upper end of the attachment portion and a second
securing portion extending outward from a lower end of the attachment portion. The
stabilizing clip may be attached to the outer wall of the stabilizing structure. The stabilizing
clip can comprise a recess where the securing portion extends from the attachment portion.
In sore embodiments, the attachment portion 18 configured to loop over the outer wall of the
stabilizing structure, and the attachment portion comprises a foot at an end of the loop of the
attachment portion. The securing portion can comprise grippers configured to extend into the
surrounding tissue.

(60221 In another embodiment, a method of treating a wound comprises:

providing a stabilizing structure, the stabilizing structure defining an initial
outer perimeter;

sizing the stabilizing structure to a desired dimension, wherein after sizing the
stabilizing structure has a final outer perimeter;

attaching a stabilizing clip to the outside of the stabilizing structure, the
stabilizing clip comprising a securing portion extending horizontally outward from

the stabilizing structure; and
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inserting the stabilizing structure into the wound, wheretn after insertion the
sccuring portion of the stabilizing clip cngages tissue to prevent the stabilizing
structure from lifting upwards in a direction out of the wound.

[0823] In some embodiments, the method may further comprise:

covering the stabilizing strocture with at lcast one drape secaled to skin
surrounding the wound; and

applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure ¢auses the
stabilizing structure to horizontally collapse.

(60241 The method may comprise inserting a tissue protection layer over the
wound before inserting the stabilizing structure. In some embodiments, the securing portion
of the stabilizing clip extends below tissue surrounding the stabilizing structure. The securing
portion of the stabilizing clip may comprisc at least onc gripper configured to extend into
tissue surrounding the stabilizing structure. The stabilizing clip may be attached to the
stabilizing strocture with an attachment portion that loops over the outside of the stabilizing
structure, the attachment portion comprising a foot at an end of the loop of the attachment
portion. The stabilizing clip can comprise a recess where the sccuring portion extends
horizontally from the stabilizing clip. In certain embodiments a plurality of stabilizing clips
may be attached to the outside of the stabilizing stracture.

[3025] In another embodiment, a wound closure device comprises:

a stabilizing structure;

a porous layer configured to at least partially surround a perimeter of the
stabilizing structure; and

an anchoring layer comprising anchors configured to at least partially
surround the layer of porous material when the layer of porous material at Jeast
partially surrounds the stabilizing structure, wherein the anchors are configured to
attach to tissues within the wound.

[3826] In some embodiments, the anchors may comprise any type of anchor
substantially described herein this application. In certain embodiments, the wound closure
device can comprise layers of foam above and below the stabilizing structure. The anchors

can comprise at least two different types of anchors as described hercin this application. In

9.



WO 2015/061352 PCT/US2014/061627

certain embodiments, the anchoring laver comprises a plurality of bands comprising different
types of anchors as described herein this application,

(3027} In some embodiments, the anchoring layer may comprise a first band of a
first type of anchors configured to be positioned above a second band of a second type of
anchors. In some embodiments, each band comprises between 1 and 30 individual rows of
anchors. The anchoring layer can comprise a plurality of alternating bands of diffcrent types
of anchors as substantially described hercin this specification. In some embodiments, the
anchors are biodegradable. The anchors can comprise any of the biodegradable materials
substantially described herein this specification. In further erobodiments, the anchors may be
configured to penctrate any of the tissue types as substantially described herein this
speeification,

[6028] In another embodiment, a method of closing a wound comprises:

shaping a first laver of foam into the shape of the wound;

placing the first layer of foam in the wound;

shaping a stabilizing structure into the shape of the wounnd;

attaching a ribbon of foam to the perimeter of the stabilizing structure fo at
lcast partially surround the perimeter of the stabilizing structure;

attaching an anchoring layer comprising anchors to the foam ribbon;

placing the stabilizing structure with the ribbon of foam and the anchoring
layer into the wound, wherein placing the stabilizing structure comprises first
horizontally compressing the stabilizing structure and allowing the stabilizing
structure to expand once within the wound to cause the anchors to engage tissue;

covering the stabilizing strocture with a second layver of foar;

covering the stabilizing structure with at lcast onc drape scaled to skin
surrounding the wound; and

applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the
stabilizing structure to horizontally collapse with the anchors engaging tissue.

(60291 In another embodiment, a wound closure device comprises:

a stabilizing structure for insertion into a wound, the stabilizing structure

having a length, a width transverse to the length and a thickness transverse to the

-10-
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length and the width, wherein the length and width are greater than the thickness, and
wherein the stabilizing structure comprises an outer perimeter comprising at least one
outer wall;

a first porous laver pre-attached to only part of the outer perimeter of the
stabilizing structure; and

a second porous layer separate from the first porous layer configured to be
attached to a remaining outer perimeter of the stabilizing structure after the stabilizing
structure has been appropriately sized.

16638 In certain embodiments, the stabilizing structure mway have a first side and
a sccond side extending along the length of the stabilizing structure, and a third side and a
fourth side extending along the width of the stabilizing structure, wherein the first side is
opposite the second side and the third side is opposite the fourth side. In some embodiments,
the first porous layer is pre-attached ounly to the first side and the third side. Tn particular
embodiments, the wound closure device may further comprise a plurality of anchors attached
to at least a portion of the porous layer pre-attached to only part of the outer perimeter of the
stabilizing structure. The device may further comprise a plorality of anchors attached only to
a portion of the first porous layer pre-attached to the first side. In some embodiments, the
device may further comprise a plurality of anchors attached to at least a portion of the second
porous layer. The stabilizing structure can comprise opposing sides that define flat surfaces
that are parallel to each other, wherein the first porous layer is pre-attached to one of the
parallel opposing sides. The stabilizing structure can comprisc opposing sides having a
straight, curved or zig-zag shape, wherein the first porous layer is pre-attached to one of the
opposing sides having the straight, curved or zig-zag shape. In some ewbodiments, the
stabilizing structure may have a constant thickness defined between upper and lower surfaces
of the stabilizing structure.

(0831 In certain embodiments, the stabilizing structure may comprise:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, cach cell having a top cnd and a botiom end with an opening extending through
the top and bottom ends;

wherein the stabilizing structure is configured to collapse by collapsing one or
maore cells.

-11-
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(6032} In particular embodiments, the stabilizing structore comprises:

a plurality of clongate strips; and

a plurality of intervening members connecting the clongate strips, wherein the
pharality of intervening memwbers are configured to pivot relative to the strips to allow
the plurality of elongate strips to collapse relative to one another,

333 In further embodiments, the stabilizing structure may comprisc one or
more rows of cells between adjacent strips configured to collapse tn a first direction, and one
or more rows of cells between adjacent strips configured to collapse in a second direction
oppaosite the first dircction. The wound closure device may further comprise a porous layer
attached to a lower surface of the stabilizing structure. In certain embodiments, the wound
closure device may further comprise a porous layer attached to an upper surface of the
stabilizing structure. In certain ernbodiments, the porous layer(s) attached to the lower and/or
upper surface of the stabilizing structure comprises protrusions configured to cxtend into
openings in the stabilizing structure. The length of the wound closure device may be greater
than the width.

60341 In another embodiment, a method of treating a wound, comprises:

providing a stabilizing structure, the stabilizing structure defining an initial
outer perimeter and having a first porous laver attached to only a portion of the initial
outer perimeter;

sizing the stabilizing structure to a desired dimension, wherein after sizing the
stabilizing structurc has a final outer perimeter that includes the portion of the initial
outer perimeter having the first porous layer attached thereto, and an exposed portion
where the first porous layer is not attached; and

attaching a second porous layer to the exposed portion of the final outer
perimeter;

inserting the stabilizing strocture 1nto the wound.

(6035} The first porous layer may comprisc a plurality of anchors. In some
embodiments, the second porous layer can comprise a pharality of anchors.

[3836] In some embodiments, the method can further comprise:

covering the stabilizing structure with at lcast onc drape scaled to skin
surrounding the wound; and

13-
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applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the
stahilizing structure to horizontally collapse.

(6037} In certain embodiments, the stabilizing structure may have a porous layer
attached to one or both of an upper and lower surface thereof. The method may further
comprise inscriing a tissuc protection layer over the wound before inserting the stabilizing
structure.

(64381 In another embodiment, a wound closure device comprises:

a stabilizing structure for insertion into a wound; and

a porous laver configured to be attached to at least a portion of an outer
perimeter of the stabilizing structure, wherein the porous layer comprises a lower lip
portion configured to extend outwardly from the stabilizing structure beneath tissue
surrcunding the wound and an upper lip portion configured to extend outwardly from
the stabilizing structure over tissue surrounding the wound.

[6039] The lower lip portion and the upper lip portion can comprise adhesive.
The porous layer can comprises a plurality of anchors configured to engage tissuc
surrounding the wound. Some of the plurality of anchors may be provided on the lower lip
portion and the upper lip portion. The lower lip may be configured to extend beneath the
fascia. In certain erobodiments, the upper lip is configured to extend over the dermis,

[340] In another embodiment, a method of treating a wound comprises:

positioning a stabilizing structure as described herein this specification into a
wound with the lower Tip extending cutwardly from the stabilizing strocture bencath
tissue surrounding the wound and the wpper lip cxiending outwardly from the
stabilizing structure over tissue surrounding the wound.

(0041} In particular embodiments, the method may further comprise:

covering the stabilizing structure with at lcast one drape secaled to skin
surrounding the wound; and

applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the

stabilizing structure to horizontally collapse.
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(6042} The stabilizing structure can have a porous layer attached to one or both of
an upper and lower surface thereof. In some cmbodiments, the method further comprises
inserting a tissug protection layer over the wound before inserting the stabilizing structure.

(6043} In another embodiment, a wound closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure; and

a mechanism configured to maintain the stabilizing structure in a collapsed
configuration after negative pressure has been removed,

0044 In certain embodiments, the stabilizing structure comprises:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, cach cell having a top end and a bottom end with an opening extending through
the top and bottom ends; and

wherein the stabilizing structure is configured to coliapse by collapsing one or
more cells.

[0045] The stabilizing structure may comprise:

a plurality of clongate strips; and

a plurality of intervening members connecting the elongate strips, wherein the
phurality of intervening members are configured to pivot relative to the strips to allow
the plurality of clongate strips to collapse relative to one another.

[8346] In certain embodiments, the mechanism comprises one or more latching
moembers attached to one or more of the strips of the stabilizing strocture, the latching
members configured to latch onto an adjacent strip when the stabilizing structure moves to a
coliapsed position. The one or more latching members may comprise a latching clement that
latches to said adjacent strip. In certain ewbodiments, the latching element comprises
multiple tecth, cach of the teeth configured to latch onto said adjacent strip when the
stabilizing structurc is in a different collapsed or compressed position. The latching clement
may be disposed at an intermediate position along an clongate member of the latching
mewber, the latching clement configured to pass through an opening in said adjacent strip to
latch the latching member to said adjacent strip. The device may further comprise a release
mechanism comprising an arch portion interconnecting adjacent latching members, the arch

portion configured to receive a force thercon to lift the latching members from engagement
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with said adjacent strip of the stabilizing structire. The mechanism can comprise one or more
first latching members attached to one or more of the strips of the stabilizing stracture and
one or more second latching members attached to one or more of the intervening members of
the stabilizing structure, the first latching members configured to contact the sccond latching
memwbers when the stabilizing structure moves to the collapsed configuration. The first
latching moembers may extend at a non-perpendicular angle relative to their corresponding
strips and wherein the second latching members extend at a non-perpendicular angle relative
to their corresponding intervening members.

(6047} In another embodiment, a wound closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure, the
stabilizing structure comprising:
a plorality of elongate strips; and
a plurality of intervening members connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative
to the strips to allow the plurality of elongate sirips to collapse relative to one
another; and
a mechanism configured to maintain the stabilizing structure in a collapsed
configuration after negative pressure has been removed, the mechanism comprising
one or more latching members attached to one or more of the strips of the stabilizing
structure, the latching members configured to latch onto an adjacent strip when the
stabilizing structure moves to a collapsed configuration.

{3048} In certain embodiments, the one or more latching mewmbers comprise a
latching clement that latches to said adjacent strip. The latching element can comprise
multiple tecth, cach of the teeth configured to latch onto said adjacent strip when the
stabilizing structure is in a different collapsed or compressed position. The latching element
may be disposed at an mtermediate position along an clongate member of the latching
member, the latching clement configured to pass through an opening in said adjacent strip to
latch the latching member to said adjacent strip. In certain cmbodiments, the deviee may

comprise a release mechanism comprising an arch portion interconnecting adjacent latching
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members, the arch portion configured to receive a force thereon to 1ift the latching members
from engagernent with said adjacent strip of the stabilizing structure.

[349] In another embodiment, a wound closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure, the
stahilizing structurc comprising:
a phurality of elongate strips; and
a phurality of intervening members connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative
to the strips to allow the plurality of clongate sirips to collapse relative to one
another; and
a mechanism configured to maintain the stabilizing stracture in a collapsed
configoration afier negative pressure has been removed, the mechanism comprising
one or more first latching members atiached to onc or morce of the strips of the
stabilizing structure and onc or more second latching members attached to one or
more of the intervening members of the stabilizing structure, the first latching
members configured to contact the second latching members when the stabilizing
structure moves to the collapsed configuration.

[B058] In some embodiments, he first latching members may extend at a non-
perpendicular angle relative to their corresponding strips and the sccond latching members
can ¢xtend at a non-perpendicular angle relative to their corresponding intervening members.

[B051] In another embodiment, a wonnd closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure; and
a support structire attached to the stabilizing structure, the support structure
configured to at least partially prevent the collapse of the stabilizing structure.

(60521 In certain embodiments, the support structure is sized to prevent the
coliapse of the entire stabilizing stracture. The support structure may be sized to prevent the
collapse of a portion of the stabilizing structure, while another portion of the stabilizing
structure collapses when under negative pressurc.

33531 In some embodiments, the support structure comprises:

-16-
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a plurality of support clements attachable to cach other and configured to
extend along a plane adjacent a top or bottom end of the stabilizing structure when
attached thereto; and

a plurality of inserts configured to extend into the stabilizing structure and
bear against one or more sirfaces of the stabilizing struchure to at least partially
prevent the collapse of the stabilizing structure,

60541 Each of the support eloments may comprise one or more frangible joint
portions configured to allow a size of the support element to the adjusted. In certain
embodiments, the support structure may coroprise:

a plurality of support clements configured to extend along a planc adjacent a
top or bottom end of the stabilizing structurc when attached thercto, cach of the
support clements having a plurality of inserts configured o extend into the stabilizing
structure and bear against one or more surfaces of the stabilizing strocture to at least
partially prevent the collapse of the stabilizing structure,

wherein the plurality of inserts are cxpandable via introduction of a fluid into
the support structure.

OS] Each of the support clements can comprise one or more scals configured
to fluidly isclate a portion of the support structure from another portion of the support
structure to allow adjustment in a size of the support structare.

[6056] In another ombodiment, a wound closure device for negative pressure
wound therapy compriscs:

a stabilizing strocture configured to collapse under negative pressure; and

a support structure attached to the stabilizing structure, the support structure
comprising:

a plorality of substantially rigid support clements attachable to cach
other and configored to extend along a plance adjacent a top or botiorn end of
the stabilizing structure when attached thercto, and

a plurality of inserts configured to extend into the stabilizing structure

and bear against one or more surfaces of the stabilizing structure,
wherein the support structare 18 configured to at least partially prevent the

collapse of the stabilizing structure,
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[80S7] In certain embodiments, each of the sapport elements comprises one or
more frangible joint portions configured to allow a size of the support clement fo the
adjusted.

[B80SE] In another embodiment, a8 wound closure deviee for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure; and

a support structure attached to the stabilizing structure, the support structure
comprising:

a plurality of support clements configured to cxtend along a plane
adjacont a top or bottom end of the stabilizing structure when attached thereto,
cach of the support elements having a phurality of inserts configured to extend
into the stabilizing sitructure and bear against one or more surfaces of the
stabilizing structure, the plurality of inserts being expandable via introduction
of a fluid into the support structure,

wherein the support structure is configured to at least partially prevent
the collapse of the stabilizing structure.

[359] In some embodiments, cach of the support clements may comprise one or
more seals configured to fhudly isolate a portion of the support structure from another
portion of the support structare to allow adjustment in a size of the support structure.

[B860] In another embodiment, a wound closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structure compriscs a plurality of cells defining a plurality of internal
surfaces; and

a porous layer, channels or grooves attached to at least some of the internal
surfaces, such that removal of a portion of the stabilizing structure to size it for
placement into a wound results in the structure having an outer perimeter including at
feast a portion thereot covered with the porous layer, channels or grooves.

[6061] The stabilizing structure may coroprise a plurality of cells provided side-
by-side, cach cell defined by one or more vertical walls, each cell having a top ond and a
bottom end with an opening extending through the top and bottom ends, and wherein the

18-
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porous layer, channels or grooves are attached to at least one or more of the vertical walls, A
foam layer may be attached to at least some of the internal surfaces. An elastomer layer may
be attached to at least some of the internal surfaces. The wound therapy device may further
comprise a porous layer, channeils or grooves attached to at least a portion of an outer
perimeter of the stabilizing structure.

(6062} In another cmbodiment, a method of treating a wound comprises:

providing a stabilizing structure, the stabilizing stracture defining an initial
outer perimeter and having internal surfaces at least partially covered by a porous
layer, channels or grooves; and

sizing the stabilizing structure to a desired dimension, wherein after sizing the
stabilizing structure has a final outer perimeter that includes the internal surfaces
covered by the porous layer, channels or grooves.

8063} In another embodiment, a wound closure device for negative pressure
wound therapy comprises:

a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structure comprises a plurality of cells defining a plurality of internal
surfaces; and

a porous layer, channels or grooves attached to or within at feast a portion of
some of the internal surfaces, such that removal of a portion of the stabilizing
structure to size it for placement into a wound results in the structure having either:

an outer perimeter including at least a portion thereof covered with the
porous laver, channels or grooves;

one or more internal surfaces of the cells including at least a portion
thereof covered with the porous layer, channcls or grooves; or

both the one or more internal surfaces of the cells and outer perimeter
including at least a portion thereof covered with the porous layer, channels or
grooves.

[B864] The stabilizing structure may comprisc a plurality of cclls provided side-
by-side, each cell defined by one or more vertical walls, each cell having a top end and a
bottorn end with an opening extending through the top and bottom ends, and wherein the
porous layer, channels or grooves arce attached to at least one or more of the vertical walls. A
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foam layer may be attached to at least some of the mnternal surfaces. In some erbodiments, a
wicking or acquisition distribution layer (ADL) can be attached to at least some of the
internal surfaces. An clastomer layer may be attached to at lcast some of the iternal
surfaces. In certain embodiments, the device may further comprise a porous layer, channels
or grooves attached to at least a portion of an outer perimeter of the stabilizing structure. In
one erbodiment, the porous layer, channels or grooves exiend generally vertically between a
bottom cnd of the cell and a top end of the cell. The porous layer, channel or grooves are
configured to guide fluid therethrough (¢.g., act as a conduit for fluid, such as wound
exudate}.

60651 In onc embodiment, the porous layer, channels or grooves can be disposed
on at lcast a portion of onc internal surface of the one or more celis of the stabilizing
structure. For example, in an embodiment of a stabilizing struchure that comprises cells that
can be considered to include four quadranis, the porous layer, channels or grooves are
disposcd on or in onc guadrant of the cell. In one embodiment, the porous layer, channels or
grooves are disposed $o as to not restrict movement of the one or more walls of the cell as the
cell collapses when the stabilizing structure moves to a collapsed position, such as during the
application of negative pressure thercto. For example, where the ccll is defined by two strips
and two intervening members, the porous layer, channels or grooves can be disposed on a
surface of an intervening member or a strip that defines an obtuse angle as the cell collapses,
thereby avoiding restricting the collapsing movement of the cell.

[8066] In onc embodiment, the porous layer, channcls or grooves can be disposed
on medialiy-facing surfaces of the one or more celis of the stabilizing structure, such that
when the size of the stabilizing structure is adjusted {e.g., by cutting onc or more strips
and/or intervening members) to better fit the wound site, the latcrally-facing surfaces of the
one or more cells of the stabilizing structure can have a substantially flat or planar, and in
some embodiments swooth, surface. In one embodiment, anchoring members {e.g., an
anchoring layery can be attached to said laterally-facing surfaces afier the size of the
stabilizing structure has been adjusted.

[80a87] In another embodiment, a8 wound closure deviee for negative pressure

wound therapy comprises:
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a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structure comprises a plurality of cells, cach of the cells defined by one
or more vertical walls with a medial surface and a lateral surface; and

a porous layer, channels or grooves disposed on at least a portion of the
medial surface, such that removal of a portion of the stabilizing structare to size it for
placeroent nto a wound results in the structore still retaining one or more medial
surfaces with said porous layer, channels or grooves in the resized stabilizing
structure.

[6068] In some embodiments, the porous layer, channels or grooves may be
disposcd on at least a portion of the medial surface such that the porous layer, channels or
grooves do not restrict movement of the cells toward a collapsed position when the
stabilizing structure collapses under negative pressure. The one or more vertical walls may
comprise a hydrophilic material. In certain embodiments, the device can further comprise
onc or more anchors disposed on at lcast a portion of the lateral surface, such that reroval of
the portion of the stabilizing structure to size it for placement into a wound results in the
structure still retaining one or more lateral surfaces with said one or more anchors in the
resized stabilizing structure.

(60691 In another embodiment, a method of treating a wound comprises:

providing a stabilizing structure, the stabilizing structure defining an imtial
outer perimeter and comprising a plurality of cells having medial and lateral internal
surfaces, wherein at least some of the internal surfaces are at least partially covered
by a porous layer, channels or grooves; and

sizing the stabilizing structore to a desired dimension, wherein after sizing the
stabilizing structure includes cells having internal surfaces covered by the porous
layer, channels or grooves.

[687¢] In another embodiment, a porous pad for the treatment of wounds using
negative pressure comprises:

a porous material suitable for channeling wound exudate from a wound site
and negative pressure to the wound site;

a plurality of stabilizing structures at least partially emobedded within the

porous material comprising a plurality of cells provided side-by-side in a plane,
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wherein the stabilizing structures are configured to collapse more within the plane
than along the direction perpendicular to the plane; and

wherein the pad is dimensioned to have a generally planar shape with a
thickness less than the width and length, wherein the pad comprises at feast one cut or
perforation extending through at least a portion of the thickness of the pad dividing
the pad into a plurality of regions at least of two of which contain a stabilizing
structure, wherein at lcast one of the regions is detachable, the cut or perforation
defining a pad section detachabic from the pad to modify the size of the pad.

(6071} In some embodiments, the pad may comprise an open-celled foam. The
pad can comprisc a polyurcthane foam. In somec ombodiments, the foam may be
hydrophobic, hydrophilic, open-celled, close-celled, mixed open and close-celled, and/or
reticulated. Certain ermbodiments may call for the foam to comprise polyvinyt alcohol,
polyurethane, polyester, silicone, and/or other suitable materials., The pad may comprise at
lcast two arcuate cuts or perforations cxtending along the pad length, and at least two arcuate
cuts or perforations extending along the pad width. In some ombodiments, the pad can
comprise a plurality of outer cuts or perforations having an clliptical shape and a plurality of
inner cuts or perforations having a similar elliptical shape. In certain embodiments, the
porous pad further comprises a plurality of intermediate cuts or perforations between the
outer cuts and the inner cuts or perforations, at least some of the intermediate cuts or
perforations extending generally lengthwise across the pad and at least some of the
intermediate cuts or perforations cxtending generally widthwise across the pad. The pad may
comprise a plurality of concentric cuts or perforations.

(6072} In certain cmbodiments, the pad may coroprise a three-dimensional
structure having a plurality of cuts or perforations in the X, v and z dimensions. In certain
embodiments, the pad may comprise at lcast two stabilizing structures spaced along the
height of the pad. In some embodiments, the stabilizing structares can be constructed from a
material selected from the group consisting of silicone, polyurethanes, flexible plastics, rigid
plastics, and foam. In some cmbodiments, the cells of the one or more stabilizing structures
may comprise a plurality of sizes.  Alternatively, all of the cells of the stabilizing structures

are identical. In some cases, one or more of the cells may be differently shaped from other
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cells. In certain embodiments, the shape of each cell may be selected from the group
consisting of square, diamond, oblong, oval, and paraliclepiped.

[3473] In some embodiments, the one or more stabilizing structures are
configured to collapse in a plurality of directions. The porous pad may comprise at least one
stabilizing structure comprising a phurality of planar support structures connected by spring
clements. The porous pad can comprisc at lcast one stabilizing structure having celis defined
by one or more walls, each cell having a top ond and a bottom end with an opening extonding
through the top and bottom ¢nds in the direction perpendicular to the plane. The porous pad
may comprise at least one stabilizing structure comprising a plurality of clongate strips
extending in a first direction. The porous pad can further comprise g plurality of intersecting
strips ¢xtending in a second direction perpendicular to the first direction, whercin the
structure is collapsible in the first and second directions. The porous pad may further
comprise a plurality of intervening members connecting the elongate strips, wherein the
plurality of intervening members are configured to pivot relative to the strips to allow the
plurality of clongate strips to collapse relative to one another, In certain embodiments, the
stabilizing structures are completely encased by the porous matenial. In some embodiments,
the pad is surrounded by a flexible anchoring layer. The plurality of stabilizing structurcs
may be completely separated from cach other. In certain embodiments, at least some of the
stabilizing structures are connected to each other across at least two regions of the pad,
wherein the stabilizing structures are separable from cach other.

160741 In another ombodiment, a negative pressure wound treatment system,
COMPrises:

a porous pad as described herein this section or elsewhere in the specification;

a drape sized and configured to be placed over the porous pad and to form a
substantially flmid-tight scal against a region of skin surrounding the wound; and

a port configured to connect the drape to a source of negative pressure.

(84754 Some cmbodiments of the system may call for the addition of a source of
negative pressure configured to be in fluid communication with the wound.

6076} In another embodiment, a method of treating a wound coroprises;

providing a porous pad as described hercin this section or elsewhere in the

specification;
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removing portions of the porous pad to shape the pad into a desired shape;
placing the porous pad into a3 wound;
covering the porous pad with a wound cover or drape; and
applying negative pressure to the wound via a source of negative pressure.
(60771 In awvother embodiment, a wethod of manafacture of a porous pad
comprises the steps of:
providing a body of a porous material comprising a stabilizing structure
configured to collapse substantially more in a first direction than a second divection;
and,
forming at lcast one partial pre-cut in a first orientation in said body, said at
fcast one partial pre-cut severing regions of the body to leave detachable regions of
the body, the frangible regions allowing the portions to be selectively removed from
the body.
{3378} The partial pre-cuts may be formed by dic cutting. The die cutting may
involve providing a phurality of blades in a suitable arrangement to provide the desired

partial pre-cuts and tearable regions.,

BRIEF DESCRIPTION OF THE DRAWINGS

(80791 Other features and advantages of the present invention will be apparcnt
from the following detailed description of the invention, taken in conjunction with the
accompanying drawings of which:

{30801 Fig. 1 illustrates an embodiment of a negative pressure treatment system.

(30811 Figs. 2A-F illustrate multiple views of an embodiment of a stabilizing
siructure.

{60821 Figs. 2G-21 illustratc multiple views of another embodiment of a

stabilizing structure.

[GOR3] Fig. 3 illustrates an embodiment of a ring that can surround a stabilizing
structure.
{38841 Fig. 4 illustrates an embodiment of a stabilizing struchure with

surrounding anchoring and foam layers,
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[GORS] Figs. SA-D illustrate another embodiment of a stabilizing structure with

surrounding anchoring and foam layers.

13086] Fig. 6 illustrates an embodiment of an open abdominal wound.
[6087] Fig. 7 illustrates an embodiment of a step in a method of treating a wound,

LIRS Fig. 8 illustrates an embodiment of a step in a method of treating a wound.

(3089 Figs. 9A-C dlustrate an embodiment of steps of a method of treating a
wound.

(6096} Figs. 10A-C iHustrate an embodiment of steps of a method of treating a
wound.

(6091} Fig. 11 illustrates an embodiment of stops of a method of treating a
wound.

(60921 Figs 12A-G illustrate an embodiment of sieps of a method of treating a
wound.

(6093} Figs. 13A-D illustrate embodiments of a stabilizing structures with
rounded out walls.

{3394 Fig. 14A-C arc a photograph and illustrations of embodiments of a
stabilizing structure optimized for collapse within a wound.

60951 Figs. 15A-E illustrate cmbodiments of a method for optimizing the design
of a stabilizing structure.

{6096} Fig. 16 illustrates an embodiroent of a stabilizing structure,

(66971 Fig. 17 tllustrates an embodiment of a stabilizing structure.

[3898] Fig. 18A-C illustrates side views of embodiments of stabilizing structares.

[6G99] Fig. 19A-B illustrates embodiments of mcthods for the preparation of
different wound filler shapes.

{31891 Figs. 20A-C illostrate embodiments of a stabilizing structure with
attachable porous and anchoring layers.

(0101 Fig. 21 illustrates an embodiment of a foam layer with fingers.

{6182 Figs. 22A-D illustraie embodiments of a stabilizing structure with
anchoring and porous layers.

(6183} Fig. 23 Hlustrates an embodiment of an anchoring laver for adhering a
stabilizing structure to the tissues of a wound.

D5,
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(6104} Fig. 24 15 a schematic illustration of a system for the treatment of
abdominal wounds.

[H185] Fig. 25A illustrates a perspective view of one embodiment of a porous pad
that can be used in the treatment of wounds.

(61686} Fig. 25B illustrates a top view of the porous pad of Figure 2A.

(81071 Fig. 25C illustrates another embodiment of the porous pad that can be
used in the treatment of wounds.

16198} Fig. 26 illustrates an embodiment of a foam structure that can be used in
the treatment of wounds.

{6169] Figs. 27A-B illustrate embodiments of stabilizing structures within a
porous material.

(61190} Fig. 28 18 a perspective view of one embodiment of a wound closure
device for negative pressure wound therapy with one embodiment of a stabilizing structure
and support structure attached to the stabilizing structure,

et

(6112

i Fig. 29 1s a top view of the wound closure device of Fig. 28.

} Fig. 30 is a bottom view of the wound closure device of Fig. 28,

(6113} Fig. 31 18 a cross-sectional view of the wound closure device of Fig. 28,
(6114} Fig. 32 shows a partial view of the wound closure device of Fig. 28,
showing a portion of the support structure.

[6115] Fig. 33 15 a schematic top view of another embodiment of a wound closure
device for necgative pressure wound therapy with another embodiment of a stabilizing
structure and support structure attached to the stabilizing structure.

(6116} Fig. 34 is a schematic bottom view of the wound closure device of Fig. 18.

(6117} Fig. 35 is a perspective top view of the support structure of Fig. 33 that
attaches to the stabilizing structure,

(6118} Fig. 36 is a perspective bottom view of the sapport structare of Fig. 33,

(6119 Fig. 37 is a top planar view of the support structure of Fig. 33.

(61261 Fig. 38 1s a bottom planar view of the support structure of Fig. 33.

(8121 Fig. 39 is a side clovational view of the support structure of Fig. 33.
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(6122} Fig. 40 is a schematic view of one embodiment of a stabilizing structure
for a wound closure device with a mechanism for latching the stabilizing structure when in a
coliapsed configuration.

(6123} Fig. 41 is schematic view of one embodiment of a latching mechanism,

(61241 Fig. 42 is a schematic view of the latching mechanism of Fig. 41 coupled
to a portion of the stabilizing structure when the stabilizing structure i1s in a collapsed
configuration.

{3125] Fig. 43 is a schematic view of another embodiment of a laiching mermber
of a latching mechanism.

6126} Fig. 44 is a schematic view of another embodiment of a latching member
of a latching mechanism.

(81271 Fig. 45 is a schematic view of another embodiment of a stabilizing
structure for a wound closure device with a mechanism for latching the stabilizing structure
when in a collapsed configuration.

(3128 Fig. 46 is a schematic view of one embodiment of a reset or release
roechanism for one or more latching members of a mechanism for latching the stabilizing
structure when in 3 collapsed position,

(61291 Fig. 47 illustrates a portion of a stabilizing structure with a foam laver
configured to be attached to one or more walls within a cell of the stabilizing structuore.

(61361 Fig. 48 illustrates a portion of a stabilizing structure with a foam layer
attached to internal walls of cells of a stabilizing structure.

(0131 Fig. 49A illustrates a cell of a stabilizing structure with a porous layer,
channels or grooves disposed on a portion of one or more walls of the cell, with the cell ina
first orientation.

[06132] Fig. 49B illustrated the cell of FIG. 15A moving toward a collapsed
position.

[8133] Fig. 50 tllustrates a portion of a stabilizing structure with a porous layer,
channels or grooves disposed on medial surfaces of one or more cells of the stabilizing

structure.

a2
~1



WO 2015/061352 PCT/US2014/061627

(6134} Fig. 51 illustrates a portion of a stabilizing structure with one or more
anchoring moembers disposed on lateral or distal surfaces of one or more cclls of the
stabilizing structure.

(6135} Figs. 52A-F illustrate embodiments of stabilizing clips for attachment to a
stabilizing structures.

{6136} Figs. 53A-C arc photographs of cmbodiments of stabilizing structurcs
with attached stabilizing clips.

(61371 Figs. 54A-G are photographs and illustrations of cmbodiments of an
cliiptical stabilizing structure with attached stabilizing clips.

(6138} Figs. S5A-G illustrate embodiments of stabilizing clips with grippers.

(61391 Figs. 50A-] illustrate embodiments of stabilizing clips for attachment to a
stabilizing structure with a step or reeess at the intersection of the sccuring portion and the
attachment portion.

(61461 Figs. 57A-] illustrate embodiments of stabilizing clips for attachment to a
stabilizing structures with a foot.

(0141 Figs. 58A-B illustrate embodiments of a stabilizing device for attachment

to a stabilizing structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10142} Embodiments disclosed in this section or ¢lsewhere in this specification
relate to apparatuses and methods of treating a wound with reduced pressure, including pump
and wound dressing componenis and apparatuses.  The apparatuses and components
comprising the wound overlay and packing materials, if any, arc sometimes collectively
referred to in this section or clsewhere in this specification as dressings.

[6143] It will be appreciated that throughout this specification reference is made
to a wound. It 18 to be understood that the term wound 18 to be broadly construed and
encompasses open and closed wounds in which skin is torn, cut or punctured or where
frauma ¢auses a contusion, or any other superficial or other conditions or imperfections on
the skin of a patient or otherwise that benefit from reduced pressure treatment. A wound is
thus broadly defined as any damaged region of tissue where fluid may or may not be

produced. Examples of such wounds include, but are not limited to, abdominal wounds or
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other large or incisional wounds, cither as a result of surgery, trauma, sterniotomics,
fasciotomies, or other conditions, dehisced wounds, acute wounds, chronic wounds, subacute
and dehisced wounds, traumatic wounds, flaps and skin grafts, lacerations, abrasions,
contusions, burns, clectrical burns, diabetic ulcers, pressure uleers, stoma, surgical wounds,
trauma and venous uleers or the like,

[6144) As is used in this section or cisewhere in this specification, reduced or
negative pressure levels, such as —X mmHg, represent pressure levels that are below standard
atmospheric pressure, which corresponds to 760 mmHg (or 1 atm, 29.93 inHg, 101.325 kPa,
14.696 psi, etc.).  Accordingly, a negative pressure value of —X mmHg reflects absolute
pressure that is X mmHg below 760 mmHg or, in other words, an absolute pressure of (760-
X3 mmHg. In addition, negative pressure that is “less” or “smalier” than —X mmHg
corresponds to pressure that i3 closer to atmospheric pressure {e.g., —40 mmHg 1s less than
60 mmHg). Negative pressure that is “roore” or “greater” than —X mmHg corresponds to
pressure that is further from atmospheric pressure {e.g., —80 mmHg is more than —60 nunHg).

(6145} The negative pressure range for some cmbodiments of the present
disclosure can be approximately -80 nunHg, or between about ~10 mmHg and -200 omHg.
Note that these pressures are relative to normal ambient atmospheric pressure. Thus, -200
mmHg would be about 560 mmHg in practical terms.  In some embodiments, the pressure
range can be between about -40 mynHg and -150 mmHg. Alternatively, a pressure range of
up to -75 mmHg, up to -80 mmHg or over -80 mmHg can be uvsed.  Also in other
embodiments a pressure range of below -75 mmHg can be used. Alternatively, a pressure
range of over approximately -100 mmHg, or even ~150 mmHg, can be supplied by the
negative pressure apparatus. In some embodiments, the negative pressure range can be as
small as about -20 mmHg or about -25 nunHg, which may be useful to reduce fistulas. In
some embodiments of wound closure devices described here, increased wound contraction
can lead to increased tissue expansion in the surrounding wound tissue. This effect may be
increased by varying the force applied to the tissue, for example by varying the negative
pressure applied to the wound over time, possibly in conjunction with increased tensile
forces applied to the wound via embodiments of the wound closure devices.  In some

embodiments, negative pressure may be varied over time for example using a sinusoidal
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wave, square wave, and/or in synchronization with one or more patient physiological indices
{¢.g., heartbeat).

{146} Examples of such applications where additional disclosure relating to the
preceding descriptions may be found include Application Serial No. 11/919,355, titled
“Wound treatment apparatus and method,” filed October 26, 2007, published as US
2009/0306609; and U.S. Patent No. 7,753,894, titled “Wound cleansing apparatus with
stress,” issued July 13, 2010. Both applications arc hereby incorporated by reference in their
entirety. Other applications that may contain teachings relevant for use with the
embodiments described in this section or elsewhere in this specification mway iochude
Application Serial No. 12/886,088, titled “Systems And Methods For Using MNegative
Pressure Wound Therapy To Manage Open Abdominal Wounds,” filed Septomber 20, 2010,
published as US 2011/0213287; Application Sertal No, 13/092,042, tittled “Wound Dressing
And Method Of Use,” filed April 21, 2011, published as US 2011/0282309; and Application
Serial No. 13/365,615, titled “Negative Pressure Wound Closure Device,” filed February 3,
2012, published as US 2012/0209227, the entirctics of cach of which are hereby incorporated
by reference. Still more applications that may contain teachings relevant for use with the
cmbodiments described in this specification are Application Scrial No. 13/942,493, titied
“Negative Pressure Wound Closure Device,” filed July 15, 2013, published as US
2014/0180225; PCT App. No. PCT/US2013/050619, filed July 16, 2013 titled “Negative
Pressure Wound Closure Device,” published as WO 2014/014871 AL, PCT App. WNo.
PCT/US2013/050698, filed July 16, 2013 titled “Negative Pressure Wound Closure Device,”
published as WO 2014/014922 Al PCT App. No. PCT/IB2013/01555, titled “Devices and
Methods for Treating and Closing Wounds with Negative Pressure,” filed May 5§, 2013,
published as WO 2013/175309 Al; PCT App. No. PCT/US2014/025059, titled “Negative
Pressure Wound Closure Device and Systoms and Methods of Use in Treating Wounds with
Negative Pressure,” filed March 12, 2014, published as WO 2014/165275 Al and PCT App.
No. PCT/GR2014/050746, “Compressible Wound Fillers and Systems and Methods of Use
In Treating Wounds With Negative Pressure,” filed Mar 13, 2014, published as WO
2014/140578 Al, the centiretics of cach of which are hereby incorporated by reference.

(81471 It will be understood that throughout this specification in some

embodiments refercoce 1s made to an elongate, elongated or longitudinal strip or strips. It s
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to be understood that these terms are to be broadly construed and refer in some embodiments
to an clongate material having two parallel or substantially parallel faces, where in cross-
section a thickness of the material as measured perpendicular to the faces is relatively smalier
than a height of the material measured parallel to the faces. While in some embodiments the
strips may be constructed from discrete lengths of material, in other embodiments the strips
may sitaply refer to clongate portions of an overall structure having two parallel or
substantially parallcl faces. The strips in some cmbodiments have a rectangular or generally
rectangular-shaped faces, wherein a length of the face is longer than the height of the face.
In some embodiments, the length of the face may be more than 2 times, 4 times, 6 times, 8
timaes or 10 times greater than the height of the face.

[3148] As used in this scction or clsewhere in this specification, the term
“horizontal,” when referring to a wound, indicates a direction or plane generally paraliel to
the skin surrounding the wound., The term “vertical,” when referring to a wound, generally
refers to a dircction extending perpendicular to the horizontal plane.  The term
“longitudinal,” when referring to 2@ wound, generally refers to a direction in the horizontal
plane taken in a dircction along which the wound is longest. The term “lateral” when
referring to a wound, generally refers to a direction in the horizontal plane perpendicular to
the longitudinal direction. The terms “horizontal,” “vertical,” “longitudinal,” and “lateral”
may also be nsed to describe the stabilizing structares and wound closure devices described
throughout this specification. When describing these structures or devices, these terms
should not be construed to require that the structures or devices necessarily be placed into a
wound in a certain orientation, though in certain embodiments, it may be preferable to do so.

(6149} Figure | illustrates an embodiment of a negative pressure treatment
system 100 that comprises a wound packer 102 inserted into a wound 101, The wound
packer 102 may comprise porous materials such as foam, and in some embodiments may
comprise one or more embodiments of wound closure devices described in further detail in
this section or elsewhere n this specification. Tn some embodiments, the perimeter or top of
any wound closure device nserted into the wound 101 may also be covered with foam or
other porous materials. A single drape 104 or multiple drapes may be placed over the wound
101, and is preferably adhered or sealed to the skin on the periphery of the wound 101 s0 as

to create a fluid-tight seal. An aperture 106 may be made through the drape 104 which can
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be manually made or preformed into the drape 104 so as to provide a fluidic connection from
the wound 101 1o a source of negative pressure such as a pump 110, Preferably, the fluidic
conncction between the aperture 106 and the pump 110 is made via a conduit 108, In some
embodiments, the conduit 108 may comprise a RENASYS® Soft Port™, manufactured by
Smith & Nephew. Of course, i some embodiments, the drape 104 may not necessarily
comprise an aperture 106, and the fluidic connection to the pump 110 may be made by
placing the conduit 108 below the drape. In some wounds, particularly larger wounds,
multiple conduits 108 may be used, fluidically connected via one or more apertures 106.

[6150] In some embodiments, the drape 104 may be provided with one or more
corrugations or folds. Preferably, the corrugations arc aligned along the longitudinal axis of
the wound, and as such may support closure of the wound by preferentially collapsing in a
direction perpendicular to the longitudinal axis of the wound. Such corrngations may aid in
the application of contractile forces parallel fo the wound surface and in the direction of
wound closure. Examples of such drapes may be found in Application Serial No.
127922118, titled “Vacuum Closure Device,” filed November 17, 2010 {published as US
201 1/0054365), which is hereby incorporated by reference in its entirety.

[6151] In use, the wound 101 is prepared and cleancd. In some cases, such as
abdominal wounds, a non- or minimally-adherent organ protection layer (not illustrated) may
be applied over any exposed viscera. The wound packer 102 is then inserted into the wound,
and 15 covercd with the drape 104 so as to form a fluid-tight scal. A first cnd of the conduit
108 is then placed in fluidic communication with the wound, for example via the aperture
106. The second end of the conduit 10K is connected to the pump 118, The pump 110 may
then be activated so as to supply negative pressure to the wound 101 and evacuate wound
exudate from the wound 101, As will be described in additional detail below and in relation
to the embodiments of the foregoing wound closure devices, negative pressure may also aid
in promoting closure of the wound 181, for example by approximating opposing wound
margins.

Stabilizing Structures and Wound Closure Devices of Fisures 2A-3D

[G1582] Figures 2A-F illustrate embodiments of a stabilizing stracture 4200, The
stabilizing strocture may comprise a plurality of elongate strips 4202 arranged in paraliel,
whosce longitadinal length can be aligned with the longitudinal axis when placed in a wound.
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The stabilizing structure can further comprise a phurality of intervening members 4204
connected to the clongate strips 4202 via joints 4206. In certain embodiments, the stabilizing
structure 4200 can collapse in any manner described in this scction or clsewhere in this
specification with or without the application of negative pressure. For cxample, the
stabilizing structure may collapse significantly more in one plane than in another plane. In
some embodiments, the stabilizing structure is configored to collapse more in a horizontal
plane paralicl to the length and width of the stabilizing structure than in a vertical planc
perpendicular to the horizontal plane. In some cmbodiments, the stabilizing structure can be
comprised of any materials described in this section or clsewhere in this specification,
including: flexible plastics such as silicone, polyurethane, rigid plastics such as polyvioyl
chloride, semi-rigid plastics, semi-flexible plastics, biocompatiblc materials, composite
materials, metals, and foam.

(61531 The stabilizing structure 4200 and all stabilizing structores and wound
closure devices described in this section or elsewhere in this specification can collapse on a
varicty of timescales in a dynamic fashion. In cortain embodiments, the majority of the
collapse may occur within the first foew minutes upon application of negative pressure.
However, after the initial collapse, the stabilizing structure or wound closure device may
continue to collapse at a much slower rate, thereby applying increasing longitudinal tension
over a long period of time and drawing the edges of the wound closer together. By slowly
drawing the wound edges closer together over time, the stabilizing structore or wound
closure device allows the surrounding healing tissuc to remodel synergistically with the
closure of the device or stabilizing structure. Slow, dynamic wound closure may allow the
surrounding fissue to heal at an accelerated rate, because the collapsing structure or device
slowly brings the edges of the wound closer together without stressing the newly formed or
weakened tissue too quickly,

[01584] In some embodiments, the stabilizing structures described in this section
or elsewhere in this specification can placed mto a wound for a period of time and then
removed or replaced with another stabilizing structure. For example, a stabilizing structure
could be inserted into a wound for a period of time, promoting closure of the wound by
drawing the edges closer together. After a period of time has passed, the stabilizing structure
can be replaced by a stabilizing stracture of a different size or collapsibility, for example a
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stabilizing structure of a smaller size or decreased density. This process could be repeated
over and over, thereby continuously drawing the edges of the wound together over time and
allowing for continuing repair and remodeling of the surrounding tissue. In certain
embodiments, the stabilizing structure is configured to remain in the wound for at least about
less than 1 howur, at least about 1 hour, at least about 2 hours, at least about 4 hours, at least
about & hours, at least about 8 hours, at feast about 12 hours, at feast about 24 hours, at least
about 2 days, at least about 4 days, at lcast about & days, at least about 1 week, at cast about
2 weceks, at least about 3 weeks, or more than 3 weeks,

[G155] In cerfain embodiments, up to 90% of the collapse of the stabilizing
structure or wound closure device may occur within the first fow minutes upon application of
negative pressure, while the remaining 10% of the collapse may occur slowly over a period
of many minutes, hours, days, weeks, or months. In other embodiments, up to about 80% of
the collapse, up to about 70%, up to about 60%, up to about 50%, up to about 40%, ap to
about 30%, up to about 20%, up to about 10%, or about 0% of the collapse will occur
immediately within the first fow minutes upon application of negative pressure while the
remainder of the collapse occurs at a much slower rate such as over the course of many
minutes, hours, days weeks, or months. In other embodiments, the stabilizing structure can
collapsc at a variable rate. In some cmbodiments, the entircty of the collapse occurs at a
slowed rate, while in other cmbodiments the entirety of the collapse occurs almost
immediately within the first few minutes. Tn further embodiments, the collapse can occur at
any rate and the rate can vary over time. In certain embodiments, the rate of collapse can be
altered in a variable fashion by adding and/or removing portions of the structure or by
controlling the application of negative pressure and irrigant fhud.

(6156} As illustrated in the perspective view of Figure 2A and the top view of
Figure 2B, the intersection of the intervening members 4204 and the clongate strips 4202
may define a phurality of cells 42180, In certain embodiments, the cells 4210 may be of any of
the shapes and sizes described in this section or elsewhere in this specification, For instance,
a ccll may be in the shape of a square, a diamond, an oblong, an oval, and/or a parallclepiped.
The joints 4206 are configured to allow the intervening members 4204 to collapse. The joints
42036 can be configured to allow the intervening members to collapse in any manner as
described in this section or elsewhere in this specification in relation to other embodiments,
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For example, the joints 4206 may be configured to allow or preferentially cause a first row of
intervening members 4204 to collapse in one direction, while allowing or preferentially
causing an adjacent row to collapse in another direction. The clongate strips 4202 may
comprise alternating flexing scgments 4212 and supporting segments 4214, In a preferred
embodiment, the flexing segments 4212 may be constructed from a flexible or semi-flexible
material such as silicone and/or polyurethane. However, any flexible or semi-flexible
material may be suitable. The flexing scgments 4212 can flex in any direction, allowing the
stabilizing structure to collapse more readily in any direction, but particularly in the
horizontal plane. In a8 preferred embodiment, the supporting segments 4214 can be
constructed from a rigid or semd-tigid material such as polyvinyl chlonide (PVC). However,
any rigid or semi-rigid material may be suitable. In the embodiment illustrated, the clongate
strips 4202 comprise clongate strips of a first material such as silicone and/or polvurethane,
with a plurality of clongate inserts of a second, more rigid material 4214 embedded into the
first material. Thus, the flexing segments 4212 are the arcas in the clongate strips 4202
where the more rigid inserts are not located.

(81871 As tlustrated o Figures 2A-D, the supporting segroents 4214 may be
larger than the flexing segments 4212, In one embodiment, the supporting scgments 4214 can
be approximately three times as large as the flexing scgments 4212 {such as by spanning
three cells 4210}, In other embodiments, the supporting segments 4214 may be the same size
as the flexing segments 4212, In further embodiments, the flexing segments 4212 can be
larger than the supporting scgments 4214, Alternatively, the lengths and widths of the
individual segments of the clongate strips 4202 can be variable. For example, the height of
the supporting segments 4214 can be redoced, such that they do not extend from
approximately the top fo approximately the bottom of the stabilizing structure 4200, Tn some
cmbodiments a smaller supporting scgment could encompass approximately half the height
of the elongate strip 4202, In certain embodiments, the supporting segment 4214 could be
located in the upper or in the lower portion of the clongate strip. Such embodiments may be
accomplished by utilizing an insert of a second material that has a smaller height than the
height of the first material forming the clongate strip 4202,

[3158] In some embodiments, the sapporting segment does not alternate with the

flexing segment 4212 and instead, the clongate sirips 4202 are comprised entirely of
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supporting segments 4214 {¢.g., a silicone strip or other material with an embedded more
rigid insert extending the entire length thercof, or simply a more rigid material by iself).
Alternatively, the entirety of the clongate sirip 4202 can be comprised only of flexing
segments 4212 {c.g., a strip made only of silicone or other more flexible material}, The
clongate strips 4202 may be manufactured from a female mold that may further encompass
the entire stabilizing structure 4200, The supporting segroents 4214 can be mserted into the
female mold, followed by an injection of a flexible polymer such as silicone and/or
polyurcthane to encase the supporting scgments 4214 within the flexible polymer frame. The
supporting segments 4214 can be inserted into the mold in any desired manner or quantity,
allowing for many potential varniations of the stabilizing device.

{8159} In further embodiments, the supporting segments 4214 are insertable
and/or removable from the elongate strips 4202, and may be inserted and/or removed to alter
the collapsibility of the stabilizing structure 4200, Supporting segments 4214 can be inserted
and/or removed from the stabilizing structure 4200 after it has been placed in a wound to
variably control the collapse of the stabilizing structure 4200. In such embodiments, the
clongate strips 4202 may form pockets that are open from one side {c.g., from the top) to
allow insertion and removal of the supporting scgments 4214,

13160 Figures 2C-D tllustrate in greater detail an embodiment of an individual
supporting segment 4214, The supporting member 4214 may be a flat, plate-like strocture
having a rectangular shape, with a length greater than its height, and two parallel surfaces.
The supporting scgment can comprise at lcast onc notch 4220, preferably located on the
upper edge of the supporting segment. In other embodiments, the notch or notches can be
located on the bottom or the sides of the supporting segment. In further erobodiments, the top
notch could have a corresponding bottom notch, or the notches could be located semi-
randomly on the top and bottom of the stabilizing structure. In certain cmbodiments, the
notch could be configured so as to allow tearing of the supporting segment in a fransecting
line across the supporting segment. The notch or notches 4220 may advantageously provide
flexibility to the structure. The notches 4220 may allow the stabilizing structure to flex more
casily in the horizontal plane or in the vertical plane. The notches 4220 may further aliow the
stabilizing struchire to twist in multiple planes. The notches 4220 may also fmprove flnd

flow within the stabilizing structure 4200, In some embodiments, the supporting segment
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does not contain a notch and the uppermost edge is flat. The notch 4220 can be located at
other locations on the supporting segment, for example the bottom edge or the sides. The
shape of the notch can be a rounded triangle as in Figures 2C-D or any other similar shape.

(6161} The intervening members 4204 in some embodiments may comprise a first
material 4216 with an embedded 1nsert 4218 made of a more rigid material. Oue embodiment
of the embedded insert is illustrated in Figures 2E-F. In certain embodiments, the inscrt 4218
is placed within a female mold and a flexible polymer such as siticone and/or polyurcthane is
injected around the insert to entomb the insert 4218 within a flexible polymer frame. The
nserts 4218 can be nserted into the mold in any desired manner or quantity, allowing for
many potential variations of the stabilizing device. In other ombodiments, the first material
4216 may be in the form of a sleeve configured to receive the insert 4218, Further, the sleeve
4216 may be configured to allow for the removal of an insert 4218, such as by providing an
opening in the top of the sleeve. In a preferred embodiment, the first material 4216 is
constructed from a flexible or semi-flexible material such as silicone and/or polyurethane.
However, any flexible or semi-flexible material may be suitable. In a preferred embodiment,
the nsert 4218 is constructed from a rigid or semui-rigid material such as polyvinyl chloride.
However, any rigid or semi-rigid material may be suitabic.

161621 Figure 2E illustrates a front view of insert 4218, while Figure 2F
ithustrates a side view of insert 4218, The insert in one embodiment may be a flat, plate-like
structure having a rectangular shape, with a height greater than its width, and two parallel
surfaces. The insert can comprise an indent 4222, The indent is preforably lfocated at the
upper portion of the insert, however, the indent 4222 can be positioned on either side of the
insert, or on the bottom. The indent 4222 can be configured such that i aids in aliowing fhuid
to flow through the stabilizing structure by providing a flow path. The indent 4222 can
improve flexibility of the stabilizing structure 4200 and be configured to allow for a more
cfficient collapse of the stabilizing structure 4200,

{31631 In some embodiments, the stabilizing structure 4200 of Figures 2A-B can
be configured to include perforations or detachable seetions that allow portions of the device
to separate from the remainder of the device. For example, perforations may be incorporated
into the joints 4206 between various cells contained within the stabilizing structure 4200,
allowing for the removal of individual rows or cells to alter the shape of the stabilizing

oy
-5 -



WO 2015/061352 PCT/US2014/061627

structure 4200, In some embodiments, as described above in relation to Figures 2C-D, the
sections yoay be detached along perforations or lines 1o the elongate strips correspounding to
the notches 4220, In some cmbodiments, the inserts 4218 may be entombed within first
material 4216 in a variable number of mtervening members 4204 to control the shape and
coliapse of the stabilizing strocture 4200, In other crmbodiments, the inserts 4218 may be
inserted directly into sleeves comprised of first material 4216 within the intervening
members 4204 to control the shape and collapsc of the stabilizing structure 4200.

164} For example, the inserts 4218 can be present in at least about 3% of the
intervening mernbers, at least about 10% of the intervening members, at least about 15% of
the intervening members, at least about 20% of the intervening members, at least about 25%
of the intervening members , at least about 30% of the intervening members, at [cast about
35% of the mmtervening members, at least about 40% of the intervening members |, at least
about 45% of the intervening members, at least about 50% of the intervening members, at
icast about 55% of the intervening members, at least about 60% of the intervening members,
at least about 63% of the mtervening members, at lcast about 70% of the intervening
members, at least about 75% of the intervening merobers, at least about 80% of the
intervening members, at least about 85% of the imtervening members, at least about 90% of
the intervening members, at least about 95% of the intervening members, or about 100% of
the intervening members.

(6165} In certain embodiments, a variable number of supporting segments 4214
may be entombed within clongate strips 4202 to control the coliapsibility of the stabilizing
structure 4200, In other embodiments, a variable number of supporting segments may be
inserted into a pocket contained within the elongate strips 4202 to control the collapsibility
of the stabilizing structure. For cxample, the supporting segments 4214 can he present in at
least about 5% of the total length of the clongate strips, at least about 10%, at lcast about
15%, at least about 20%, at feast about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 45%, at least about 50% , at least abouat 539%, at least about 60%, at
lcast about 65%, at lecast about 70%, at lcast about 75%, at least about 80%, at least about
85%, at lcast about 90%, at lcast about 95%, or about 100% of the total length of the

clongate strips.
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(6166} In certain embodiments, the inserts 4218 or supporting segments 4214
may be inscrted and/or removed over time to variably control the collapse of the stabilizing
structure 4200. For cxample, although initially all the available sleeves 4216 of the
stabilizing struchire may contain an insert, after the initial placement of the stabilizing
structure in a wound, additional inserts 4218 may be removed over time, thus causing the
stabilizing structure 4200 to collapse cven further. Inseris can also be added to the stabilizing
structure after it is inserted into a wound, thercby decreasing the colapsibility of the
stabilizing structure 4200. Thus, the addition and/or removal of the inserts 4216 or
supporting segments 4214 allows for variable control of the collapse of the stabilizing
structure 4200, In similar fashion, supporting segments 4214 can be inscrted and removed
from the clongated strips over time to provide variable control over the collapse of the
stabilizing structure 4200,

10167] In certain embodiments of the stabilizing structures described in this
section or elsewhere in this specification, such as in stabilizing structure 4200 as described in
Figure 24, the flexibility of various sections of the stabilizing structure is enhanced by
thinning of that section. For example, in certain embodiments, rather than using a flexible
material for a flexing segment 4212 of clongate strip 4202, instead the flexing scgment 4212
can be constructed of a similar material to that used to construct supporting segment 4214, In
this embodiment, since supporting segment 4212 is thicker than flexing segrment 4212 it will
not flex to the degree of flexion that may be cxperienced by flexing segment 4212, In certain
embodiments, the ontire stabilizing structure 4200 may be constructed from a single rigid or
semi-rigid material, but made to have different rigid and flexible portions by thinning certain
arcas of the stabilizing structore 4200, In further embodiments, the joints 4206 may be
thinned to allow for greater flexibility as compared to the surrounding sections. In certain
embodiments, thinning of a scction of the stabilizing structure 4200, may allow the thinner
portion to be more readily detached from the struchure.

(6168} Figures 2G-21 illustrate another cmbodiment of a stabilizing structure
42040 similar to the stabilizing structure described above with respect to Figures 2ZA-2F. In
this and other embodiments, the stabilizing structore may have a length L and a width W that
extend parallel to a horizontal plane, and a thickness T that may extend vertically and
perpendicular to the horizontal planc. As illustrated, the length L and the width W may be
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greater than the thickness T so that the stabilizing structure forms a generally planar or flat
body having an upper surface 4230 and a lower surface 4232 that may be parallel to cach
other. The thickness T of the structure may be constant between the upper and lower
surfaces, or it may vary. The stabilizing structure of Figures 2G-21 may further comprise
notches 4242 and 4244 in both the upper surface 4230 and lower surface 4232, respectively.
These notches may exiend through the clongate strips 4202 as well as through supporting
scgments 4214,

8169} The stabilizing structure of Figure 2G may define an outer perimeter that
is general rectangular in shape, though other shapes are contemplated. In one embodiment,
the stabilizing structure has a first side 4234 and a sccond side 4236 opposite the first side.
Figure 2H illustrates a side view of first side 4234, These sides 4234 and 4236 may be
straight in shape and be paraliel to ¢ach other. These sides also need not be parallel, and can
have other shapes such as curved. The stabilizing stracture may also have a third side 4238
and a fourth side 4240 opposite the third side. Figure 21 illustrates a side view of third side
4238, The third and fourth sides may have a zig-zag shape as shown, but may also have other
shapes such as straight and curved.

[6170] Applicabice to all stabilizing structurcs or wound closure devices described
in this section or elsewhere in the specification, a soft polymer could be molded over the
entire stabilizing structore 4200 to soften the feel of the device, thereby protecting the
surrounding organs and/or other tissucs. In other embodiments, the soft polymer could be
molded only over the bottom portion of the stabilizing device 4200, while in some
embodiments the softer polymer can be molded over the top and/or the sides of the device. In
some ermnbodiments, the soft polymer could be molded over particular edges of the stabilizing
structure 4200, such as those on the bottom, sides, and/or top. In certain embodiments, the
soft polymer could be molded over any side or combination of sides of the stabilizing
structure 4200, The soft polymer may act like a softened rimn surrounding the hard edges of
the stabilizing structure 4200,

(8171} Applicable to all stabilizing structures or wound closure devices described
in this section or elsewhere in the specification, the stabilizing structure or wound closure
device may be tearable such that the stabilizing structure may be shaped into the shape of a

wound. In some cmbodiments the stabilizing structure may be torn at the intersections

40~



WO 2015/061352 PCT/US2014/061627

between intervening members and elongate strips, while in forther embodiments, the
clongate strips or intervening members may be forn at any suitable position.

(6172} Figure 3 illustrates an cmbodiment of an anchoring layer 4800 that may
surround  the stabilizing structures as described in this section or elsewhere in this
specification. The ring 4800 can comprise a layer of tissue anchors 4802 configured to grip
the surrounding edges of a wound. For example, the tissuc anchors can be hooks, barbs,
prongs, or other structures that serve to attach to the tissue of a wound. In certain
embodiments, the tissue anchors comprise hook and loop fasteners such as those used in
Velcro technologics. In certain embodiments, the ring 4800 can be comprised of foam, such
as thosc described previously or the ring can be comprised of a combination of a foam layer
and a tissue anchor layer 4802, A lip 4804 may extend inward from the ring 4800 and serve
to overlap the top and/or the bottom of a stabilizing structure as described in this section or
clsewhere in this specification, thereby securing the ring 4800 around the stabilizing
structure.

(6173} Figure 4 is a photograph of a wound closure device 4900 comprising a
stabilizing structure 4902 such as those described in this section or clsewhere in this
spectfication, a foam layer 4904 such as those described in this section or clsewhere in this
specification, and an anchoring layer 4906 comprising tissue anchors similar to the ring
depicted tn Figure 3. In some embodiments, the wound closure device 4300 may be placed in
a wound and scaled with a drape. Similar to the cmbodiments illustrated in Figurcs 2A-F, the
stabilizing structure 4902 can collapse in any manner described in this section or elsewhere
in this specification.

(6174} The stabilizing structures and/or wound closure devices described in this
section or clsewhere in this specification may be used in conjunction with methods or
systems for the closure of a wound. In some embodiments of methods of use for closure of a
wound, one or more of the stabilizing structures or wound closure devices of any of the
cmbodiments described in this section or elsewhere in this specification is placed into a
wound. In some cmbodiments, an organ protection layer may be provided in the wound
before placement of the stabilizing structare. In certain embodiments, foam or other porous
material may be placed in the wound along with the stabilizing structure or wound closure

device, cither below, above, or surrounding the stabilizing structure or wound closure device.
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Foam or other porous material may also surround the perimeter of the stabilizing structure or
wound closure device. The stabilizing strocture or wound closure device may be configured
to collapse in any manner as described in this section or elsewhere in this specification, for
example by having a particular size and shape, or by comprising a certain volume of foam or
other porous material within the cells of the structure. The stabilizing structure or wound
closure device may further be altered in any manner described in this section or elsewhere in
this specification so as to better accommodate the shape of the wound. After placement in the
wound, the stabilizing structure or wound closure doviee can be sealed by a fluid-tight drape.
The fhuid-tight drape can comprise a port configured for the application of negative pressure.
A source of negative pressure may then be connected to the port and negative pressure may
be applicd to the wound. The stabilizing structure or wound closure deviee may be replaced
over time by stabilizing stractures or wound closure devices of various shapes and sizes as
desired to best promote wound healing.

[6175] Figurcs 5A-D are photographs of a wound closure device 5000 according
to another embodiment. The wound closure device 3800 comprises a stabilizing structure
5002 which may be similar to the structures described in Figures 2A-1, or may comprise any
of the stabilizing structurcs described clsewhere in this specification. The stabilizing
structure S002 is surrounded by a porous fayer 5004 such as a layer of foam, and the porous
layer is surrounded by an anchoring layer 5006 comprising tissue anchors such as those
anchors prodoced by Velero indostries, various barbs and/or various hooks. To some
cmbodiments, the tissue anchors are similar to the rings depicted in Figures 3-4. In certain
embodiments, the porous layver may be in the form of a ribbon. The stabilizing structure
5602, porous laver 5004 and anchoring layer 5006 may be provided as separate components
to be attached by the practitioner 1o use, or they may be pre-atiached to cach other.

16176} Similar to the embodiments illustrated in Figures ZA-I, the stabilizing
structure S002 can collapse in any manner described elsewhere in this specification, for
example, horizontally, When the wound closure device 5000 is implanted, the surrounding
tissues can be pressed against the tissue anchors to embed them within the tissue and anchor
the device. In some embodiments, the wound closure device 5000 may be placed in a wound
and sealed with a drape.  Although the embodiments further described in this section
comprise an anchor layer that surrounds a porous layer, other embodiments may omit the
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porous layer, such that the anchoring layer directly surrounds or is attached to the stabilizing
structure.

{5177] In some embodiments, the anchoring layer 3006 comprises an ¢longate
strip of material comprising a plurality of tissue anchors extending from a base layer 5007,
wherein the fissue anchors can have different shapes and sizes as described elsewhere in the
spectfication. The tissuc anchors may oxtend from a first planar side of the clongate strip,
and the sccond planar side of the clongate strip may comprise an adhesive covered by an
adhesive backing layer. The structure of the anchors can have various forms depending on
the tissue they are intended to bind. Longer anchors can be used for loosely bound tissues
such as fat or connective tissue, while shorter anchors can be used for denser tissuces such as
muscle. In other embodiments, depending upon the shape of the anchor, shorter anchors may
be more desirable for softer, fatty tissue, while longer anchors are utilized for denser tissues.
Anchors with more rigid stems can be utilized to penetrate denser tissues. In some
cmbodiments, anchors can have bilateral prongs that tend to collapse upon inscriion in tissue
and vet expand when pulled in an opposite direction such that a certain pulling foree can be
applied to tissue. The characteristics of the anchors or attachment mechanisms, and thewr
resulting force profiles, can vary by a number of paramcters, such as the length of the anchor,
the shape of the attachment mechanisms, the structure of grasping features, the material{s)
used for the attachment mechanisms, the relative flexibility/rigidity of the attachment
roechanisms, and the spacing/density of the attachment mechanisms,

(6178} The anchors may have varicus lengths for optimal penetration of the
surrounding tissue. For example, the length of the anchors may be at most about Olmm, at
most about .1mm, at most sbout Zmm, at most about Smumn, at most about T, at most
about 2 mum, at most about 3mm, at most about S5mm, at most about 10num, at most about
Z20mm, at most about 30mm, at most about 40mm, at most about 30mm, at most about
7Smm, at most about 130mm, or more than {00mm.

(6179 Figure 5B is a photograph of a closer view of the anchoring layer 5006 of
the wound closure device 5002 depicted in Figure SA. The anchoring layer may consist ot a
first band of longer anchors 3008 configured to surround the porous laver 5004 and
stabilizing structure 5002, and a sccond band of shorter anchors 3010 configured to surround

the porous layer 5004 and stabilizing structure 5002, As illustrated, the first band 5008 may
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be disposed above the second band 5010, In some embodiments, there may be additional
alternating series of bands vertically relative to cach other. In further embodimuents, the
different bands may have different anchor lengths and shapes, as disclosed herein this section
and elsewhere in the specification. For example, instead of 2 types of bands with 2 types of
anchors, there may be 3 types of band with 3 types of anchors or 4 types of bands with 4
types of anchors and so on. Preferably, the anchors are selected for the appropriate tissue
types. For example, returning to Figure 5B, the first band 5008 may comprise longer anchors,
desirable for penctration into the denser fascia, and thus may be positioned towards the
bottom of the device. Similarly, the second band 5010 comprises shorter double hooks,
desirable for penectration into denser tissue. Other suitable tissue anchors, as described
clsewhere in this specification, inchide the hook and loop configuration of Velero, barbs,
hooks, spikes, pegs, arrowheads, or any suitable shape. Further examples of surfaces include
textured surfaces, such as roughened sandpaper-like surfaces, or nano-~textured surfaces that
may facilitate tissuc adhesion.

(G186} In some cmbodiments, the use of surface anchors can be used in
combination with a surgical adhesive, providing a much stronger bond hetween tissue layers
than the adhesive alone, and providing temporary adhesion while the adhesive sets. In some
embodiments, the surgical adhesive can be added to the anchors themseclves. In certain
embodiments, the surgical adhesive may simply be applied between the anchors to coat at
least a portion of the anchoring layer. In further embodiments, the anchors may be replaced
with a surgical adhesive, and the surgical adhesive may act to anchor the device to the
surrounding wound.

(6181} In certain embodiments, the anchors may be constructed from a variety of
materials, including any materials disclosed elsewhere in the specification, such as: synthetic
or natural polymers, metals, ceramics, or other suitable materials. The anchors may be
constructed from biodegradable materials such as biodegradable synthetic or natural
polymers. Non-limiting exaroples of biodegradable synthetic polymers include: polyesters
such as polvlactic acid or polvglyeolic acid, polvanhydrides, and linear polymers with
bigdegradable linkages. Further, the anchors may be constructed of biodegradable biological

materials, such as autografts, allografts, and/or xenografis.
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[8182] Figure 5C is a photograph of an embodiment of a2 wound closure device
5000, similar to the wound closure devices of Figures SA-B. However, in this orientation the
first band 3008 of anchors is towards the bottom of the device, while the sccond band of
anchors 5010 is towards the top. As described above, the bands of anchors may be arvayed in
any desired manner. Figure 5D i3 a top view of an embodirent of a wound closure device
5000, similar to the wound closure devices of Figures SA-C.

(G183} Considering the anchoring laver of Figures 5A-D, the shape of the
anchoring layer is not limited to the ring shape of Figures 4-5D. In some embodiments, the
anchoring layer is wrapped around the cntircty of the stabilizing device, 1.c. the top, bottom,
and sides. In other cmbodiments, the anchoring layer is only arcund a portion of the
perimeter of the stabilizing structure. In certain embodiments, the anchoring layer is only
attached to discrete portions of the stabilizing stracture as needed. In some embodiments, the
anchoring laver covers at most about 5%, at most about 10%, at most about 20%, at most
about 3(%, at most about 3%, at most about 75%, and at most about 100% of the outside of
the stabilizing structure.

(61841 In somec embodiments, the bands of different tissuc anchors can be
organized in a vertical direction, while in other embodiments, they may be organized in a
horizontal direction. They may also be organized in either the horizontal and vertical
directions when considered in the xy plane, 1.¢. facing downward into the wound.

[3185] In certain embodiments, the different types of anchors may be interspersed
with one another, rather than organized into discrete bands of specific types of anchors. For
example, the longer anchors may be surrounded by smaller anchors and vice~-versa. In some
cmbodiments, the anchors may be organized randomly across the anchoring layer or in other
suitable patterns.

[3186] In particular embodiments, the anchoring layer may be disposed on the
inner faces of the stabilizing structure. For cxample, the anchoring layver may cover at most
about 5%, at most about 10%, at most about 20%, at most about 30%, at most about 50%, at
most about 75%, and at most about 10(% of the interior surfaces of the stabilizing structure.

(6187} In further embodiments, the entire anchoring layer may be comprised of
only one type of anchor, for cxample the entirety of the anchoring layer may be comprised of

the longer hooks 5008 or the shorter hooks 5010 as depicted in Figure SB. Some
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embodiments may call for the anchors to be color coded. For example, the anchors on the
bottoro may be made o be one color while the anchors on the top may be another so as to

identify the proper orientation of the stabilizing structure in the wound.

Wound Closure and Treatment Methods of Figures 6-12G

(6188} Figurcs 6-10D are photographs and itllustrations depicting embodiments of
a method for the treatment of a wound that utilizes a wound closure device comprising a
stabilizing structure as described herein this section and elsewhere in the specification. To
better tustrate a non-limiting ermbodiment of the method, murmbers have been added to each
step in Figures 10A-D to allow the reader to more casily follow these steps of the method.
However, the steps can be performed in any order, and any numbering systom is for clarity
only. Further, in some embodiments, different steps of this method may be excluded. In other
embodiments, additional steps may be added to the method based on methods described
herein this section and clsewhere in the specification. The porous layers and structurcs
described in this section may be of any material or structure described clsewhere in the
specification, such as foam.

(6189} Figurc 6 depicts an ecmbodiment of an open wound 5100 prior to treatment
with a wound closure device as will be described in much greater detail below. The open
wound of Figure 6 is similar to the wounds described elsewhere in the specification,
particularly as relates to Figure 1. In somc instances, as described elsewhere in the
specification, such a wound may be produced via a surgical incision or other means.

[3194] Figure 7 depicts an embodiment of an initial step in a method for the
treatment of an open wound 5100 with a wound closure device. Before treatment, the wound
may be cleaned with a pad 5180 and the skin 5190 prepared for application of a wound
closure device, such as those described in refation to Figures 2A-5D and Figures 18A-10C.

(6191} Figure & depicis an embodiment of an early step in a method for the
treatment of an open wound 5100, In some embodiments, a tissue protection layer 5170 may
be placed over the wound to protect the underlying tissues from the rigors of negative
pressure wound therapy or other potential harms. Accordingly, certain embodimaents provide
for a tissue protection layer 5170 which may be cut to size to be placed over the wound site

5100, The tissuc protection layer 5170 can be a material which will not adhere to the wound
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site or to the exposed viscera in close proxamity. Such a tissue protection layer may be
constructed from any suitable material such as a biocompatible polymer. For example, organ
protection layers manufactured by Smith & Nephew and sold under the brand RENASYS®
may act as tissuc protection layers and be placed over the abdominal cavity and/or wound
bed 5100 and tucked over the peritoneal gutter. In further examples, materials such as the
fluoroplvmer polyictrafluorocthylene (PTFE) may be applicable as these materials are
generally non-adherent and uscd in surgical grafts. In one embodiment, the tissue protection
layer is permeable. For example, the tissuc protection layer 5170 can be provided with
openings, such as holes, slits, or channels, to allow the removal of fluids from the wound site
5100 or the transmitial of negative pressure to the wound site 5100, In further embodiments,
the tissuc protection laver may be used over non-abdominal wounds on other arcas of the
body, such as the leg, arm, shoulder, or back. In certain embodiments, the tissue protection
layer may comprise a sensor configured to measure pressures in and around the wound. For
example, the sensor may be used to measure the level of negative pressure applied to the
wound or to measurce the pressure on the underlying organs bencath the abdominal wound.
(61921 Figures 9A-C ilusirate embodiments of possible initial steps in a method
for the treatment of an open wound. However, as described above, the steps need not he
performed in this order and may be performed in any order. In Figure %A, two picces of a
porous material such as foam, a bottom piece 5102 and a top picce 5116 are selected so0 as to
approximate the size of the wound 5100, In some embodiments, the top piece and the bottom
piece are of identical thickness. However, in certain embodiments, and vice-versa, top piece
5116 may be at least twice as thick, at least four times as thick, at least 10 times as thick or
more than ten times as thick as bottom piece S102. Figure 9B illustrates an embodiment of
additional steps in a method for the treatment of an open wound. Bottom picce 5102 may be
shaped via cutting or other suitable means to the shape of the wound and subscquently placed
into the wound 5100, as shown in Figure 9C and depicted further below in Figure 10A.
(61931 Begimning with steps | and 2 of Figure [0A, after shaping, a foam layer
5102 (for cxample, a 15 mm layer of foam) is placed in the wound bed 5100, In steps 3-4, a
stabilizing structure 5104 similar to the stabilizing structures disclosed in Figures 2A-1 or any
other stabilizing structure described elsewhere in the specification, is shaped to the size of
the wound via cutting or other suitable means, In certain embodiments, the matrix may be
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shaped in such a manner as to ensure that the matrix has flat, longitudinal sides. As displayed
in step 4, the stabilizing structure 5104 may be placed m the wound to determine the
accuracy of the shaping step. Preferably, when using a stabilizing structure of Figures 2A-1,
the stabilizing structure is placed such that grooves or notches as deseribed elsewhere in the
specification are facing downward. However, in some embodiments, grooves or notches may
be present on both the top and the bottom of the stabilizing structure. In steps 5-6 of Figure
108, a foam laver 5106, in the shape of a ribbon, 8 attached to the outer edge of the
stabilizing structure 5104 via an adhesive backing tape or other suitable means. The foam
layer S106 may be used to partially or completely surround the perimeter of the stabilizing
structure 5104, Excess ribbon can simply be removed from the backing tape and discarded.
To allow the backing layer to properly adhere to the stabilizing structure, the foam layer may
be held in place for an excess of 30 seconds.

[8194] Step 7 of Figure 10B shows the next step of an embodiment of the
method, wherein an anchoring layer 5108 comprising a first band of longer anchors 5110 and
a sccond band of shorter anchors 5112 is attached to the foam laver 5106, The anchoring
layer 5108 may be shaped to the size of the perimeter of the stabihizing structure 5104 and
adhered to the foam layer 5106 via the removal of an adhesive backing layer covering an
adhesive surface on a side of the clongate layer opposite the anchors. The anchoring layer
may partially or completely surround the foam layer. To allow the anchoring layer to
properly adhere to the stabilizing structure, the anchoring layer may be held 1o place for a
period of time, for cxample in excess of 30 seconds. Once the anchoring layer has been
applied to the foam laver 5106 and stabilizing structure 5104, the entire wound closwre
device S114 may be placed into the wound 5100, as displayed in step 8 of Figwe 10B. To
assist with the insertion of the device mto the wound bed, the device can be deformed
slightly inwardly or horizontally to facilitatc entrance into the wound site. In some
embodiments, the device may be sgueezed slightly during insertion and then release upon
contact with the walls of the wound. In certain embodiments, the wound closure device 5114
may be placed such that the longitudinal sides of the matrix align with the longitudinal axis
of the wound 5100.

(31951 In some embodiments, it may be preferable to orient the shorter second

anchors 5112 towards the top of the wound and the longer first anchors 3110 towards the
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bottom of the wound so that the shorter anchors S112 may engage the fatty tissue of the
wound. However, in other embodiments, depending on the shape of the anchors, i may be
desirable to oricnt the combination in the opposite orientation such that the longer anchors
5110 engage the fatty tissuc. The anchors may also have the same length. In certain
embodiments, the anchors may be color coded, to divect a use to a particular orientation of
the stabilizing structure. The anchors also need not cover the entire outer petimeter of the
stabilizing structure. In some embodiments, anchors are provided only on the first side 4234
and second side 4236 of the stabilizing structure (for an embodiment such as ilustrated in
Figure 20).

(8196} Figure 10C contains photographs of step 9 and 10 of a method of wound
closure and treatment. In step 9, another foam layer 5116 {for example, a 10 mm layer of
foam) is placed on top of the wound closure device 5114, As displayed in step 1§, a bridging
portion of foam 5118 may be placed in intimate contact with the foam layer S116 at the edge
of the wound. The bridging portion of foam 5118 may extend over intact skin, with a picce
of drapc 5120 placed beotween it and the intact skin. Further, a suction port 5122 may be
connected to the bridging portion 5118 with a section of drape 5120 between. Tn alternative
cmbodiments, the bridging portion 5118 and suction port 5122 may be placed on the wound
during a different step, for example during steps | and 2 as depicted in Figure 10A.

(81971 In Figure 11, as shown by steps 11-14, the device may be covered by one
or more drapes 5120. A holc may be made in the drape covering the bridging portion of
foam, and a suction port 5122 may be placed over the hole. A protective layer 5124 on the
top surface of the one or more drapes may be removed after the drapes 5120 are applied.
Oncee the drapes 5120 are applied and the port is in place, negative pressure roay be applied
to the wound through the drape from a vacuum source. The negative pressurc can cause the
stabilizing structure to collapse horizontally as described elsewhere in this specification. The
tissue anchors adhered fo the stabilizing structure through the porous layer engage tissue of
the wound and may facilitate closure of the wound.

{198} Figurcs 12A-12C provide further illustrations of an upper foam layer 5116
being placed in a wound, followed by placing a bridging portion 5118 and placing one or
more drapes or wound covers S120. Figures 12D-12G illostrate an embodiment of several
steps in a method for the treatment and closure of a wound. As illustrated in Figure 12D, a
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suction port 5122 is separated from a release liner 5126 and later applied to a wound as
depicted in Figures 10A-11. Figure 12E iHustrates a camister 5128 being inseried into a
negative pressure wound therapy device 5130 in preparation for the collection of wound
exudate. Figure 12F iHustrates the snap conncction between the tubing connected to the
suction port and the tubing connected to the negative pressure wound therapy device 5130,
Once the connection has been made, negative pressure wound treatment may begin as
depicted in Figure 12G.

[3199] Further details regarding the wound closure devices, stabilizing structures,
related apparatuses and methods of use that may be combined with or incorporated nto any
of the embodiments described hercin are found elsewhere throughout this specification and
in International Application No. PCT/US2013/050698, filed July 16, 2013, published as WO

2014/014922 Al, the entirety of which is hereby meorporated by reference.

Stabilizing Structures and Wound Closure Deviges of Figures 13A-15E

[G200] Figures 13A-D illustrate embodiments of a stabilizing structure 6030 that
are similar to the embodiments described above in relation to Figures 2A-1 In contrast to the
stabilizing structurcs disclosed in Figures 2A-1, stabilizing structurc 6000 may have an outer
perimeter 6002 that defines an at least partially clliptical shape. Similar to the stabilizing
structures of Figures 2ZA-L, stabilizing structure 6000 comprises a plurality of cells 6004
provided side-by-side, cach cell defined by onc or more walls, cach cell having a top end and
a bottom cnd with an opening extending through the top and bottom ends. As with the other
stabilizing structures described herein this section and clsewhere in the specification, the
stabilizing strocture 6000 15 configured to collapse by collapsing one or more cells 6004, In
some embodiments, the cells are all of the same approximate shape and size; however, in
other embodiments, the cells are of different shapes and sizes. In some cmbodiments, the
stabilizing structures as described herein this section or elsewhere in the specification may be
domed, such that the central portion of the stabilizing structure bulges upward. For example,
a lower portion of the stabilizing structure may be concave, while an upper portion of the
stabilizing structurc is convex. Further description of such an embodiment is found with
respect to Figures 18A-I18C of this specification. The stabilizing structure 6300 comprises a

plurality of clongate strips 6006 arranged in parallel or senu-parallel, whose longitudinal
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length can be aligned with the longitudinal axis of the wound. The clongate strips 6006 may
also be arranged in a non-paralle] fashion. These elongate strips 6006 may be of similar type
to the clongate strips disclosed above in relation to Figures 2A-1 For cxample, clongate
strips 6006 may comprise sections of more rigid material and sections of more flexible
material as disclosed in relation to Figures 2A-1. In some embodiments, the elongate strips
6006 are made from one single material, Further, elongate strips 6006 may be broken up into
vartous scgments 6008 to allow flexing of the clongate strips. In certain embodiments, the
clongate strips 6006 may be curved along their length so as to facilitate the curved outer
perimeter of the stabilizing structure 6000, The clongate strips may be curved along their
lengths outward away from a center of the stabilizing stracture 6000, The arch of the curves
of the clongate strips 6006 may vary considerably, with some strips 6006 being highly
curved while other are minimally curved or even straight.

(62011 Simtlarly, the stabilizing structare 6000 can further comprise a plurality of
intervening members 6010 connected to the clongate strips 6006. The intervening members
6010 may all be of a similar shape and size or they may be of a variety of shapes and sizes as
depicted in Figures 13A-D. The infervening merobers may be similar in coustruction and
function to the intervening members of Figures 2A-1, or they may be of different types such
as of a single, solid material. In some embodiments, the intervening members 6010 that are
located in-line with the bulging section of the elliptical perimeter 6002 may be larger than
intervening members 6010 located clsewhere so as to facilitate the outward perimeter 6002
of the ellipse.

(62021 Advantageously, such an clliptically shaped stabilizing structure may
allow the structure to better accommodate the shape of the wound. Most wounds are in
shapes that are more rounded than the square shape of the stabilizing structures depicted in
Figures 2A-1. Thus, an clliptically shaped stabilizing structure 6000 may better fit into a
wound.

(62031 Referring now to the stabilizing structures of Figures 13A-B, the outer
perimeter 6002 may have a reduced edge 6012 so as to facilitate collapse of the stabilizing
structure. By removing mass of the stabilizing stracture at reduced edge 6312, the stabilizing
structure can collapse more freely at reduced edge 6012, thus allowing for a betier fit within

the wound. Further, by reduced the mass at reduced edge 6012, there may be less pinching of
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the surrounding tissue during and after collapse of the stabilizing structure 6000, Figure 138
depicts a top view of the stabilizing structure of Figure 13A.

132684 Figure 13C illustrates an embodiment of a stabilizing structure similar to
the structure described in relation to Figures 13A-B. However, in this case, some of the
clongate strips 6006 may further comprise flexible wall portions 6014 that allow the
stabilizing structurc 6000 to morc casily collapse. When the various cells 6004 of the
structure are of different shapes and sizes, as depicted in Figure 13C, collapse may be limited
by the length of the individual segments of the elongate strips 6006. By making the sirips
6006 more flexible, complete closure is facilitated. In certain embodiments, the clongate
strips 6006 can cxpand, compress, lengthen, shorten, streich, and/or tighten. In some
embodiments, the flexible wall portions 6014 of the clongate strips 60036 may be replaced by
a flexible tube aligned perpendicularly to the plane of the stabilizing structure. In further
embodiments, the flexible wall portions 2014 way comprise different materials, thinned
sections, a concertina design, a V-edge, or any other suitable design. Where the gecometry
reguires that the clongate strips 6006 adjust as the stabilizing structure 6000 is compressed,
flexible wall portions 2014 may be inserted much like the inserts described above in relation
to Figures 2A-L In particular embodiments, the outer clongate strips 6006 may comprise
tlexible wall portions 6014, while the inner may not. One of skill in the art would understand
that any suitable combination of elongate strips 6306 with or without flexible wall portions
6014 may be possible.

[0205] Figure 13D illustrates an embodiment of a stabilizing structure 6000
simifar to the structures of Figures 13A-C. However, Figures 13D depicts a combination of
curved and straight clongate strips 6006 and cells 6004 with a variety of shapes and sizes.
Further, in some cmbodiments, the elongate strips 6006 may not extend for the entire length
of the stabilizing structure 6000, Further, some of the clongate strips may be joined at their
ends.

(62061 Figure 14A is a photograph of an embodiment of a stabilizing structure
6000 similar to the structures of Figures 13A-D. As in Figures 13A-D, the stabilizing
structure 6000 comprises a plurality of elongate strips 6006 arranged in parallel or semi-
parallel, whose longitudinal length can be aligned with the longitudinal axis of the wound.

Similar to Figure 13D, the various cells within this stabilizing structurc 6000 may have a

.53



WO 2015/061352 PCT/US2014/061627

variety of shapes and sizes. As will be described in greater detail below, the length and shape
of the elovngate strips 6006, intervening members 6010, and cells 6004 may be designed so as
to facilitate greater closure of the stabilizing structure. In certain embodiments, the junctions
6900 between the clongate strips and imtervening members may be thinned to better facilitate
rotation and closure of the stabilizing structures. In some embodiments, the stabilizing
structure is tearable, such that the structure may be shaped into the shape of a wound. As
described clsewhere in the specification, tears may be completed at the intersection between
intervening members and clongate strips or at any suitable location along the clongate strip
or intervening member.

(62687} In some embodiments, the patiern of the stabilizing structurce is designed
in such a way as to facilitatc meximmum closure of the stabilizing structure. Preferably,
maximum closure is in a direction perpendicular to the length of the elongate members and
within the horizontal plane. As will be described 1n greater detail below, greater closure may
be achicved by varving the length of the clongate strips 6006, the length of the intervening
members 6010, and the shape of the cells 6004, The shape of the cells 6004 may comprise
any shape described herein this section or elsewhere in the specification. For example, as
depicted in Figure 14A, the cells 6004 may be diamond-shaped or parallclpiped with smaller
diamond-like shapes 6020 located within larger diamonds 6022, Such a construction may
provide greater overall closure of the stabilizing device 6000 to provide for maximum
closure of the wound. Additionally, the smaller diamond-like shapes 6020 located within
larger diamonds 6022 can spread the load over a greater arca reducing the chance of damage
to the tissue structures below the matrix. This construction can also reduce the likeiihood of
the foam or the drape being pulled into the matrix and preventing closure of the wound.

{3268] Figures 14B-C arc illustrations of differcnt views of the stabilizing
structure embodiment of Figure 14A. As described above in relation to Figure 14A, the
stabilizing structure comprises cells 6004, intervening members 6010, and elongate strips
6006; however, here a simulated shape of a wound 6910 is also included for comparison.

[6289] Any of the stabilizing structures described herein this section or elsewhere
in the specification may be constructed from any suitable means. For example, the stabilizing
structures may be constructed via molding or may be printed directly using 3D printing

technology. In certain embodiments, the stabilizing structures of Figures 14A-C may be
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constructed from a single polymer via 3D printing. In some embodiments, the stabilizing
structures may be constructed from one polymer, two polyroers, three polymers, or more than
three polymers. The stabilizing structures may be constructed from any material disclosed
herein this section or ¢lsewhere in the specification. The stabilizing structure can be made by
cutting the structure out of a solid block of material. Methods used for cutting can include,
for example, waterjet cutting, laser cutting, or die cutting. The stabilizing structures may be
cut to size along the walls of the cells 6004, For cxample, the intervening members along the
outside face of clongate strips 6006 can be cut off to appropriately size the stabilizing
structure. The stabilizing structure may be cut along the walls, along any portions of the
clongate strips, and/or along any portions of the intervening members.,

(216 Figurcs 1SA-D depict methodologies for generating the design of a
stabilizing structore, such as the stabilizing structures of Figures 13A-14. To facilitate
various types of closure, for example maximum closure, the shape, size, and location of the
clongate strips, intervening members, and cclls may be determined via various methods. For
example, as depicted in Figure 15A, cach collapsible cell 6030 has four sides, and each
intersection between an intervening member(s) and/or elongated sirip(s) may be modeled via
pin-joints 6032, Further, the entirety of stabilizing structure 6034 may be modeled inside of
an oval wound model 6036. As depicted in Figure 15A, the stabilizing structure 6034 may be
maodeled to collapse from an open state 603K to a semi-collapsed state 6040, to a fully
collapsed state 6042, In some clinical scenarios, maximum closure down to a completely
flattencd stabilizing structure may be desirable to maximize wound closure by drawing the
cdges of the wound as close together as possible.

(6211} As tlustrated in Figure 15B, in certain embodiments, the process of
detcrmining the optimal shape, size, and location of the clongate strips, intervening members,
and celis for wound closure may be facilitated by modeling the stabilizing structure as a
mirrored pattern on opposite sides of 8 mirror line 60350 {which may also be referred to as the
transverse axis, perpendicular to a longitudinal axis of the stabilizing structure), thereby
making the curve and collapse of the stabilizing structure symmetrical. The mirror axis may
be along the minor axis or it may be along the major axis of the stabilizing structure.
Alternatively, the mirror line may be located in any suitable location within the stabilizing

structure, such as diagonally across the stabilizing structure. In certain crobodiments, this
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method may lead to large diamond-shaped cells near the center line. These large diamond-
shaped structures 6052 may be further subdivided to further support the stabilizing stracture
by including smaller diamond shapes 6054 within larger shapes. In some embodiments, these
smaller shapes 6054 within a larger shape 6052 may comprisc any shape disclosed hercin
this section or elsewhere in the specification. The larger cells may be further subdivided by
two smaller shapes, three smaller shapes, four smaller shapes, or more than four smaller
shapes, it will be understood by onc of skill in the art that the miurror line need not be
confined to a ling perpendicular to the longitudinal orientation of the wound. Instead, the
mirror line may be located along the longitudinal axis of the wound or at an angle to the
longitudinal axis of the wound. In some embodiments, the stabilizing structure may contain
multiple mirror lines, thereby having multiple subscctions that arc symmetrical or different.

(6212} As iHustrated in Figure 15C, for a four-sided cell to collapse, it must
follow a simple formula: a + b= ¢+ d, where a, b, ¢, and d are the lengths of individuoal sides
of a single cell within the stabilizing structurc such as the cell 6060 of Figure 15C. When
members ¢ and b collapse together, then d and a collapse together.

[8213] Figure 15D llustrates an expansion of the concept described in Figure
15C. By using the base formula a2 + b = ¢ + d, the clongate strips were progressively
lengthened (a4 > a3 > a2 > al} towards the horizontal mirror line 6032, thereby achicving a
curve in the stabilizing structure while preventing any of the intervening members 6062 from
becoming perpendicular to the clongate strips 6064 {ic. having an internal angle of 20
degrees). As illustrated in Figure 150, a vahlic for bl may be chosen, at which point an
arbitrary offset value x may also be chosen to case the construction of the various cell
geometries, Using the progressive values for al through ad, illustrated visually m Figare 15D
6066, valucs for bl-b4 may be calculated 6068, Using calculated values derived from
cquations 6068 for the various walls of the individual celis allows for the design of a
stabilizing structure that collapses completely, such as those depicted in Figures 14A-B.

(62141 In some cmbodiments, a method for gencrating a stabilizing structure
design may include steps to speed up the initial geometry construction. For example if all
members from left to right in a specific row, as visualized by intervening members 6036 in
Figure 15E, a pattern then emerges where alternating vertical members are also the same

length. Walls of the same length are indicated by their respective labels 6070, 6072, 6074,
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and 6076. Once the mitial design 18 gencrated then individual cells may be modified by
lengthening, shorterung, removing or inserted according to the formulas of Figure 15D to

achicve the desired shape of the overall stabilizing structure.

The Elliptical and Domed Structures of Figures 16-18B

[6215] Figurc 16 illustrates a stabilizing structure 6000 similar to the structurcs
disclosed above in relation to Figures 13A-D. However, stabilizing structure 6000 may have
a gap 6018 removed or having no material. By removing mass from the stabilizing structure,
the stabilizing structure may collapse more readily and fully within the wound. Tn further
cmbodiments, any section of the stabilizing structure may be removed to faciiitate closure.
For exampie, a strip of sections may be removed, a side of sections, an inner portion located
more closely to one side of the stabilizing structure, ete. Elongate strips shown in Figure 16
may be joined at their ends to form concentric elliptical shapes, or there may be concentric,
continuous strips formed into an elliptical or oval shape, with intcrvening members as
described above in between.

(6216} Figure 17 illustrates another stabilizing structure simular to the structures
described in relation to Figures 13A-14C. Figure 17 builds on the concept of Figure 16,
whereas portions of the stabilizing structure arc removed to decrcase the mass of the
structure, thus factlitating closure. Reducing the mass of the stabilizing structure may prove
advantageous for wound healing because the mass of the wound may be a rate-limiting step
in wound closure. The stabilizing structure 6300 of Figure 17 may have an outer perimeter
6002 defining a bi-clliptical shape.

[0217] Here, reduced edge 6812 allows the stabilizing structure to collapse more
readily at the edges of the device to better facilitate placement into the wound, facilitate
closure of the wound, and reduce pinching at the edges of the stabilizing structure 6000 as
described above. In some ernbodiments, the clongate strips 6006 may be of various lengths
and may be curved or un-curved as depicted in Figure 17. In particular cmbodiments, the
stabilizing structure 6000 of Figurc 17 may be cut down a centerline 6020 to allow for the
creation of multiple smalier stabilizing structures. As will be understood by one of skili in the

art, various shapes and sizes of stabilizing structures may be created by this techuique.
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(6218} Figures 18A-C depict stabilizing structures 6100 similar to the stabilizing
structures described herein this section or clsewhere in the specification. However, the
stabilizing structures of Figures [8A-C are curved upward or downward in a perpendicular
direction {e.g., a vertical direction} to the general plane {e.g., the horizountal plane) of the
stabilizing stracture.  As will be understood by one of skill 1n the art, such an upward or
downward curving may be applicd to any of the stabilizing structures described herein this
section or clsewhere in the specification.

(6219 A curved stabilizing structure 6100 such as the structure depicted in
Figure 18A, showing the stabilizing structurc from the side, may be advantageous for
placement over all wounds, but particularly abdominal wounds. The cxposed tissues 6102 of
an abdominal wound, such as the bowel, have a tendency to bulge upward and outward from
the body. By bulging upward, the bowel creates a convex surface that does not align as
closely with a flattened bottom surface, such as the bottom surfaces of the stabilizing
structures depicted above in Figures 2A-1 and 13A-14C.

[6220] In some embodiments, a lower portion 6104 of the stabilizing structure
6100 may be concave in a first horizontal direction and/or in a second horizontal direction
perpendicular to the first horizontal direction. In certain embodiments, an upper portion 6106
of the stabilizing structure 6100 may be convex along at least an upper portion 6106 of the
stabilizing structure 6100, for example in a first horizontal dircction and/or a second
horizontal dircction perpendicular to the first horizontal direction.  Accordingly, in some
embodiments the stabilizing structure has an arched or domed shape. In other embodiments,
only the fower surface may be concave, and the upper surface may be flat or planar.

(6221} Such a structure as depicted in Figure 18A may betier fit over a bulging
wound and allow for expansion of the tissue. A curved shape with a concave bottom may
further serve to relieve discomfort in a patient, as the underlving tissues would not
necessarily need to be compressed to the degree that may be required with a flattened
surface. Thus, the stabilizing structures of Figures 18A-B may be placed into an abdominal
wound and conform to the shape of internal organs.

(6222} In certain embodimoents, an upper portion 6106 of the stabilizing structure
18 convex in a first horizontal direction and in a second horizontal direction perpendicular to

the first horizontal direction. Some embodiments may call for the stabilizing structure to be
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pre-formed to have either or both of a concave lower surface 6104 and a convex upper
surface 6106, However, any combination of concave, convex and flat surfaces may be
possible.

(02231 In certain embodiments, the top 6136 and/or bottom 6104 portion of the
stabilizing strocture may bhe concave/convex while the corresponding top 6106 or bottom
6104 may be flat. Such a design may have a variable thickness over the length of the
stabilizing structure 6100,

(6224} Figures 18B-C illustrate side views of curved stabilizing structures similar
to the structure described above in relation to Figure 18A. In some embodiments, the
stabilizing structurcs may have a shape similar to a contact lens, essentially acting like a
bowl. In some embodiments, the bottom portion 6104 may be concave as depicted in Figure
18R, or it may be convex as depicted in Figure 18C. One of skill in the art will understand
that any combination of convexity and concavity on the top and bottom surfaces may be
possible.

[6225] Figures 19A-B depict embodiments of modifisble stabilizing stroctures
and/or wound closure devices 6200, similar to the stabilizing structures and wound closure
devices described clsewhere in the specification, particularly as relating to Figures 2A-1,
I3A-18C. Such stabilizing structures 6200 may have a layer or layers of porous maternial
placed on the top and/or hottom fo create a sandwich-like wound closure device of the same
general shape when viewed from a birds-cye or top view.

[8226] The stabilizing structure or wound closure device, with or without the top
and bottom porous lavers, may be shaped into sections A, B, C fo create smaller stabilizing
structures or sandwich-like structures. More gencrally, the shapes shown in Figures 19A-198
may be applicable to any suitable wound filler, such as foam or other porous material. Cuts
62032 {which may indicate designated pre-cut lines in the device or may indicate desired
cutting locations) may be of any shape, direction, or size. For example, the cuts may be
clliptical as depicted in Figures 19A-B. Designated pre-cut lines may include, but are not
fimited to, partial or complete cuts through the thickness of the structure, markings or score-
lines to factlitate cutting of the device by the user or removal of certain portions of the device

by the user. Providing for such cuts may be advantageous as 3 manufacturing technigue,
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allowing the production of multiple different modifiable stabilizing structures and/or wound
closure devices with just a single pattern of cuts 6202,

(8227} In the right-hand drawing of Figure 19A, one desired cut pattern may
provide an elliptical stabilizing struchure having a series of cuts 6202 that, rather than
forming a complete ellipse as in Figure 19A, form an arc that may follow the curvature of
one side of the elliptical structure {c.g., the left side). For example, these cut lines may be
parallel to the left side or have the same or similar curvature. The ends of these cuts lines
intersect with the outer perimeter of the structure on the right side of the structure.
Accordingly, cutting the structure along the cut line 6202 between sections A and B will
leave a structure formed by section B and C forming a smaller cHiptical shape than the initial
cliiptical shape. Similarly, cutting the structure along the line between sections B and C will
leave an even smaller elliptical shape.

[6228] The stabilizing or sandwich-like structures 6200 may further comprise
tissue anchors 6204, In the right-hand drawing of Figure 19A, by placing the tissue anchors
on the outer surface of the right side of the elliptical structure, such that the anchors extend
along a portion of the outer perimeters of Sections A, B and C, even if Sections A or B are
removed, anchors will remain on the remaining structurc.  For example, a structure
comprising section C, sections B and C, or sections A, B, and € may be placed in different
sizes of wounds in a manner such that the perimeter of the stabilizing structure or wound
closure device 6200 compriscs tissuc anchors 6204 which can cxtend laterally from the
stabitlizing structure or wound closure device 6200 to engage the surrounding tissue.

(62291 In some embodiments, inner tissue anchors may also be provided within
the structure, such that once cut, sections A, B, and C have tissue anchors 6204 on additional
surfaces than those depicted in Figures 19A-B.

(238 Figure 198 depicts additional or a second set of cuts 6202, which may
also be clliptical or curved or may have other shapes, definung further sections D and E.
These additional cuts may intersect with the left and right sides of the structure as well as the
first cut lines described above. As will be understood by one of skill in the art, a wide

variety of possible cuts may be performed to define a wide variety of possible shapes.

Stabilizing Structures and Wound Closure Devices of Fioures 20A-23
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(8231 Figures 20A-B illustrate a wound closure device 6300 comprising
stabilizing structure 6302, first porous layer 6304, second porous laver 6306, first anchoring
layer 6308, and sccond anchoring layer 6310, the anchoring layers comprising tissue anchors
such as those described in relation to Figares SA-D. First anchoring layer 6308 is optionally
attached to first porous layer 6304, while second anchoring layer 6310 is optionally attached
to second porous layer 6306. In some embodiments, the porous layers 6304, 6306 are
unattached to anchoring layers 6308, 6310. In certain embodiments the anchoring layers
cover at feast about 10% of the surface arca of one side of the porous layer, at least abowt
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, or about 100% of the surface arca of the
porous layers.

(6232} Stabilizing structure 6302 may be in the form of any stabilizing structure
described herein this section or clsewhere in the specification, particularly as relates to
Figures 2A-1, 5A-D, and 13A-19B. Similar to the other stabilizing structures described
herein this section and elsewhere in the specification, stabilizing structure 6302 comprises an
outer perimeter 6312 comprising at least one outer wall. For example, the stabilizing
structure may have an opposite first side 6314A and second side 63148 extending along the
length of the stabilizing structure and an opposite third side 6316A and a fourth side 63168
extending along the width of the stabilizing structure,

[6233] Stabilizing structure 6302 may further be shaped in any manner described
herein this section or clsewhere in the specification such as is described in relation to Steps
3-4 of Figure 10A. For example, stabilizing structare 6302 may be shaped in a manner s0 as
to be suitable for placement within a wound.

(6234} In certain embodiments, to minimize the sequence of steps required by a
clinician fo place the wound closure device 6300 within a wound, wound closare device
6300 mayv be pre-packaged with s complete perimoeter 6312 covered with porous foam
and/or tissue anchoring layers. However, this embodiment may be disadvantageous because
once the stabilizing structure is cut and shaped to the shape of the wound, the outer perimeter
6312 of the device will no longer comprise porous and anchoring layers. Instead, ouly a
portion of the perimeter will still comprise intact porous and anchoring layers. Thus, in

particular embodiments as depicted in Figures 20A-B, to facilitate the cxposure of tissue
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anchoring layers 6308, 6310 and porous layers 6304, 6306 to the surrounding tissue after
shaping, first porous layer 6304 may be pre-attached to only a part of the outer perimeter
6312 of the stabilizing structure 6302, In certain embodiments, the portion of first porous
layer 6304 comprising first anchoring layer 6308 may be attached to a first side 60314A of the
perimeter of stabilizing structure 6302, while the porous layer unattached to an anchoring
layer 6308 may be attached to third side 6316A of the stabilizing structure 6302, In other
cmbodiments, the porous layer 6304 may be applicd without an anchoring layer 6308,

[§235] As depicted in Figure 208, once the stabilizing structure 6302 has been
shaped, second porous layer 6306 comprising second anchoring layer may be attached to
remaining perimeter 6312 of the stabilizing structure 6302 uncovered by first porous layer
6304, thercby surrounding the cntire perimeter of the stabilizing structure with porous layers
6304, 6308, In some embodiments, second porous layer may need to be trimmed to suitably
wrap around the entire perimeter of stabilizing structure 6302, During shaping, first porous
laver 6304 may be shaped along with the stabilizing structure due to first porous layer’s
adherence to the stabilizing structure. While shaping first porous layer, first anchoring layer
6308 may also be shaped due to first anchoring layer’s attachment to first porous layer. The
second layer 6306 may be have second anchoring layer attached to it only in a portion of the
sccond layer 6306 attached to onc side of the stabilizing structure {¢.g., second side 6314B).
Alternatively, the second anchoring layer may be attached to the portion of the second layer
6306 also attached to the fourth side 63168 of the stabilizing structure.

(6236} In some embodiments, first porous layer 6304 is only attached to two sides
of the stabilizing structure 6302, such as a longitudinal flat side 6314A and a zig-zag side
6316A. However, first porous layer 6304 may also be atiached fo ounly one side of the
stabilizing structure or to three sides.

(82371 Figure 20C is a photograph of first porous layer or second porous layer before
it 1s apphied to a shaped stabilizing structure. As illustrated, an anchoring layer may only
partially cover the porous layer. In some cmbodiments, anchoring layer 6308, 6310 may
comprise different types of anchoring layers such as has been previously described in
relation to Figures SA-D.

[0238] Figure 21 is a photograph of an embodiment of a foam layer 4600 that
may be used in combination with any of the stabilizing structurcs or wound closure devices
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described in this section or elsewhere in this specification. As described above, the foam
layer 4600 may be located above or below the stabilizing structure or wound closure device.
In some cmbodiments, the foam layer 4600 s located both above and below the stabilizing
structure or wound closure device. The foam layer 4600 can swrround the perimeter of the
stabilizing structore or wounnd closure device or completely surround the entivety of the
stabilizing strocture or wound closure device. The foam layer 4600 can be constructed from
absorbent materials, materials configured to distribute fhuid, or both.

632391 The foam layer 4600 further comprises fingers 4602, that can extend from
the foarn layer into the stabilizing structure or closure device. For example, the fingers 4602
may cxtend into and around the gaps or cells depicted in the stabilizing structurcs described
herein this section or clsewhere in the specification. The fingers 4602 may also extend
around the outside of the perimeter of the stabilizing structure. In some embodiments, the
fingers 4602 from one foam layer 4600 may extend through the interior or around the outside
of the stabilizing structure to meet the fingers 4602 from a sccond foam laver 4600, Thus,
one foam laver will be facing finger-side up, while a second foam layer may be facing finger-
side down.

10240} In some embodiments, the foam layer 4600 can have perforations or pre-
cuts to allow portions of the foam layer 4608 to be casily torn away to shape the foam for a
particolar wound. In some embodiments, the fingers 4602 can extend at least about lmm
from the surface of the foam layer, at least about 3mm from the surface of the foam layer, at
least about Smum from the surface of the foam layer, at least about 7.5mm from the surface of
the foam laver, at least about 10mm from the surface of the foam layver, at least abowt
12.5mm from the surface of the foam layer, at least about 25mm from the surface of the foam
laycer, at least about 17 Smam from the surface of the foam layer, at least about 20mm from the
surface of the foam layer, at least about 25mm from the surface of the foam layer, or more
than 2Smm.

(8241 Figures 22A-C arc photographs of an cmbodiment of a wound closure
device 6350 comprising a stabilizing structure 6302 (similar to the stabilizing structure
described above in relation to Figures ZA-I and 13A-D), first porous layer 6304 {not shown
in Figures 22B and 22C), a top porous laver 6352, and a bhottom porous layer 6354,

Stabilizing structure 6302 in combination with first porous laver 6304 functions as described

-63-



WO 2015/061352 PCT/US2014/061627

above in relation to Figures 20A-B. However, in this instance, stabilizing structure 6302 can

be further encased on the top and botiom by porous layers 6352, 6354, and may be pre-

attached to the stabilizing structure 6302, Top and bottom porous layers 6352 and 6354 may

be shaped in any desired manner to conform fo the shape of stabilizing structure 6302,

Figure 22D illustrates an embodiment where a second porous layer 6306 is attached to the

stabilizing structure 6302 afier the stabilizing structure having upper and lower porous layers
352 and 6354 has been appropriately sized.

62421 In some embodiments, top and bottom porous layers 6352, 6354 may be in
the form of an egg crate shape, such as the shape described in greater detail above in relation
to Figure 21, In further embodiments, top and bottom layers 6352 and 6354 may be placed
about stabilizing structure 6302 in any manner described above in relation to Figure 21,

[0243] In certain embodiments, once the top 6352 and botiom 6354 layers of
foam have been applied, wound closure device 6350 may be shaped to the desired shape of
the wound, thercby eliminating the step of further shaping the top and bottom porous layers
as depicted in Figures 9A-10C. In some embodiments, the top and bottom layers may further
comprise tissae anchors soch as those described elsewhere i the specification such as in
relation to Figures SA-5D.

6244} Figure 23 illustrates an embodiment of a wound closure device 6400
{similar to the wound closure devices depicted in relation to Figures 2A-L 13A-14C, and
16A-18CY comprising a stabilizing structure 6402 and configured to anchor to the
surrounding tissues 6404, In certain embodiments, a porous layer 6406, similar to the porous
layer described above in relation to Figures 20A-C, may be attached fo at least a portion of
the stabilizing structure 6402. The porous layer compriscs a lower lip 6412 that extends
outwardly bencath the tissues surrounding the wound such as the fascia, and an upper lip
6410 that extends outwardly from the stabilizing structure over the tissue surrounding the
wound, such as the dermis. In certain embodiments, the porous laver coroprises tissue
anchors 6408, similar to the tissue anchors described above in relation to Figures 5A-D. The
tissue anchors may allow the porous layver to ongage the surrounding tissues and thereby
better adhere the stabilizing structure 6402 within the wound. In certain embodiments, the
tissue anchors may be present on the upper lip 6410, the lower lip 6412, the central portion

6414, or any combination of the three.



WO 2015/061352 PCT/US2014/061627

[0245] In particular embodiments, some or all of the tissue anchors 6408 may be
replaced with an adhesive. For example the lower lip 6412 and central portion 6414 may
comprise tissuc anchors while the upper lip 6408 compriscs an adhesive. In further
embodiments, the wound closure device 6400 may further comprise porous layers on the fop
and bottom, similar to the wound closure device depicied in Figures 22A-D3,

{3246] In some embodiments, the wound closure device 6400 (when viewed from
the side as in Figure 23) may be in shapes that differ from the square shape illustrated in
Figure 23. For example, the device may be a continuous curve such that the outer side has a
concave configuration. In some cmbodiments, portions of the outer perimeter of the
stabilizing structure 6402 may be in a concave shape so as to facilitate gripping of the

surrounding tissues.

Porous Pads and Stabilizing Structures of Figures 24-27B

(82471 Turning to Figure 24, similar 1o the system described above in relation to
Figure 1, treatment of a wound with negative pressure in certain embodiments uses a
negative pressurc treatment system 1010 as illustrated schematically here.  In this
embodiment, a wound site 1100, illustrated here as an abdominal wound site, may bencfit
from treatment with negative pressure. Such abdominal wound sites may be a result of, for
example, an accident or due to surgical intervention. In some cases, medical conditions such
as ahdominal compartment syndrome, abdominal hypertension, sepsis, or fluid edema may
require decompression of the abdomen with a surgical incision through the abdominal wall to
expose the peritoneal space, after which the opening may need to be maintained in an open,
accessible state until the condition resolves. Other conditions may also necessitate that an
opening—particularly in the abdominal cavity—romain open, for example if multiple
surgical procedures are required (possibly incidental to trauma), or there 1s evidence of
clinical conditions such as peritonitis or necrotizing {asciitis,

6248} In cases where there is a wound, particularly in the abdomen, management
of possible complications relating to the exposure of organs and the peritoneal space is
desired, whether or not the wound is to remain open or if it will be closed. Therapy,
preferably using the application of negative pressure, can be targeted to minimize the risk of

infection, while promoting tissuc viability and the removal of delcterious substances from the
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wound site. The application of reduced or negative pressure to a wound site has been found
to generally promote faster healing, increased blood flow, decrcased bacterial burden,
increased rate of granulation tissuc formation, to stimulate the proliferation of fibroblasts,
stimulate the proliferation of endothelial cells, close chronic open wounds, inhibit burn
penetration, and/or enhance flap and graft attachment, among other things. It has also been
reported that wounds that have exhibited positive response o treatment by the application of
negative pressure inchude infected open wounds, decubitus ulcers, dehisced incisions, partial
thickness burns, and various lesions to which flaps or grafts have been attached
“onsequently, the application of negative pressure to a wound site 1100 can be beneficial to
a patient.

{5249} Accordingly, certain embodiments provide for a wound contact layer 1050
to be placed over the wound site 1100, Preferably, the wound contact layer 1050 can be a
thin, flexible material which will not adhere to the wound site or the exposed viscera in close
proximity.  For  ecxample, polymers such  as  polyurcthane,  polycthylene,
polytetrafluoroethylene, or blends thereot may be used. In one embodiment, the wound
contact layer 18 permeable. For example, the wound contact layer 1050 can be provided with
openings, such as holes, slits, or channels, to allow the removal of fluids from the wound site
1100 or the transmittal of negative pressure to the wound site 1100, Additional
embodiments of the wound contact layer 1050 are described in further detail below.

(0250 Certain embodiments of the negative pressure treatment system 1010 may
also use a porous pad 1030, which can be disposed over the wound contact layer 1058, This
pad 1030 can be constructed from a porous material, for example foam, that is soft,
resiliently flexible, and generally conformable to the wound site 1100, Such a foam can
include an open-celled and reticulated foam made, for cxample, of a polymer.  Suitable
foams include foams composed of, for example, polyurcthane, silicone, hydrophobic
materials, hyvdrophilic materials, open-celled materials, close-celled materials, mixed open
and close-celled materials, reticulated materials, polyester, silicone, and/or polyvinyl alcohol.
In certain embodiments, the term “open-celled” may refer to a material (such as foam) that
comprises just enough open pores to allow fluid to be transmitted when the foam is
compressed at pressures of at least about: -350 mmHg, -300 wmmHg, -200 mmHg, -1350

romHg, -120 mmHg, -75 mmHg, -50 mmHg, ~25 nunHg or -5 mmHg. In some embodiments,
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the open-~celled material may have a wide range of suitable porosities and the pores may be
of a varicty of soitable sizes. Preferably, this pad 1130 can channel wound exudate and other
fluids through itself when negative pressure is applicd to the wound. Somc pads 1030 may
include preformed channels or openings for such purposes. In certain embodiments, the pad
10383 may have a thickness between about one inch and about two inches. The pad may also
have a length of between about 16 and 17 inches, and a width of between about 11 and 12
inches. For cxampice, the length of the pad can range from between about 1 to 50 inches,
between about 3 to 40 inches, between about 5 to 30 inches, between about 10-20 inches, or
between about 14 to 18 inches. Further, for example, the width may range from about 1 to
20 inches, 5 to 15 mches, or 8 to 12 inches. In other embodiments, the thickness, width,
and/or length can have other suitable values. Other aspects of the pad 1030 are discussed in
further detail below.

(62511 Preferably, a drape 1070 is used to seal the wound site 1108, The drape
1670 can be at lcast partially liquid impormeable, such that at lcast a partial negative pressure
may be maintained at the wound site.  Suitabic materials for the drape 1070 include, without
limitation, synthetic polymeric materials that do not significantly absorb aqueous flinds,
including polvolefins such as polyethylene and polypropylenc, polyurethanes, polysiloxanes,
polyamides, polyesters, and other copolymers and mixturcs thereof. The materials used in
the drape may be hydrophobic or hydrophilic. Examples of suitable materials include
Transeal® available from DeRoval and OpSite® available from Smith & Nephew. In order
to aid patient comfort and avoid skin maccration, the drapes in certain embodiments are at
least partly breathabie, such that water vapor is able to pass through without remaining
trapped under the dressing.  An adhesive laver may be provided on at least a portion the
underside of the drape 1070 to secure the drape to the skin of the patient, although certain
embodiments may instead usc a separate adhesive or adhesive strip.  Optionally, a release
layer may be disposed over the adhesive layer to protect it prior to use and to facilitate
handling the drape 1070; in some embodiments, the release layer may be composed of
roultiple sections.

(62524 The negative pressure system 1010 can be connected to a source of
negative pressure, for example a pump 1140, One example of a snitable pump is the Renasys

EZ pump available from Smith & Nephew. The drape 1070 may be connected to the source
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of negative pressure 1140 via a conduit 1128, The conduit 1120 may be connected to a port
113 suwated over an aperture 1090 in the drape 1070, or else the conduit 1120 may be
connceted directly through the aperture 1090 without the use of a port.  In a further
alternative, the conduit may pass underncath the drape and cxtend from a side of the drape.
U.S. Patent No. 7,524,315, filed October 28, 2003 discloses other similar aspects of negative
pressure systems and is hereby incorporated by reference m s entirety and should be
considered a part of this specification.

(82531 In many applications, a container or other storage vnit 1150 may be
nterposed between the source of negative pressure 1140 and the conduit 1120 s0 as to permit
wound exudate and other fluids removed from the wound site to be stored without entering
the source of negative pressure. Certain types of negative pressure sources—for example,
peristaltic pumps— may also permit a container 1150 to be placed after the pump 1140,
Some embodiments may also use a filter fo prevent fluids, acrosols, and other microbial
contaminants from leaving the container 1150 and/or entering the source of negative pressure
1140, Further embodiments may also include a shut-off valve or occluding hydrophobic
and/or oleophobic filter in the container to prevent overflow; other erobodiments may include
sensing means, such as capacitative sensors or other fluid level detectors that act to stop or
shut off the source of negative pressure should the level of fluid in the container be nearing
capacity. At the pump exhaust, it may also be preferable to provide an odor filter, such as an
activated charcoal canister,

[6254] With reference to Figs. 25A-B, perspective and top views of an
embodiment of the porous pad 1030 are shown. The pad 1030 preferably has one or more
perforations made thereon, illustrated for example at arcuate cuts 202, 204, 208, and 210.
These cuts may be formed on the pad 1030 using any suitable mechanism, including, for
example but without, limitation cutting blades, die cutting, or hot wire cutting, and thesc cuts
preferably extend through at least portion of the thickness of the pad 1030, The cuts do not
need to be continuous, and may consist, for example, of multiple small perforations. Tn one
cmbodiment, perforations extend cntirely across the thickness of the pad 1030, In order to
ensure that the pad 1030 remains structurally intact during handling and usc, the cuts made
through the pad 1030 preferably retain one or more small bridge portions, such as the bridge

portion 206,
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[0285] In some embodiments, the pad 1030 has a substantially rectangular shape
having a length L, a width W, and a thickness T defined about a major axis X, a minor axis
Y, and a vertical axis Z, and has four rounded corners. A first serics of arcuate outer cufs
202 may be formed in the pad in an elliptical shape. In the illustrated embodiment, there are
four outer cuts 202a, 202b, 202¢ and 2024, cach positioned in one of the quadrants defined
by the axes X and Y, with four bridge portions 206 positioned at opposite ends along the
major and minor axes. Interior to the outer cuts 202 are a serics of arcuate inner cuts 210
also having an elliptical shape similarly shaped to the series of arcuate outer cuts 202, As
illustrated, in one embodiment there are four tnner cuts 210a, 210b, 210¢, 210d also each
positioned in one of the quadrants defined by the axes X and Y, with four bridge portions
222 positioned at opposite ends along the major and minor axes.

[6256] In certain embodiments, located between the outer and inner cuts 202 and
210 may be a serics of intermediate cuts 204 and 205, From the fop view perspective of
Figure 25B, an upper arcuate cut 204a and a lower arcuate cut 204b arc symmetrically
arranged about minor axis Y located at opposite ends of the pad 1030, Cuts 2048 and 204b
extend generally across the width W of the pad, symunetrically about major axis X, with
these cuts 204a, 204b having a larger radius of curvature than that of the arcuate cuts 202
near the major axis X, Left and right arcuate cuts 208 are provided between the arcuate cuts
204a, 204b, extending generally length-wise across the pad. As illustrated, there may be four
arcuate cuts 208a, 208b, 208¢, 208d, cach extending generally paralicl to the portions of the
arcuate cuts 202, 210 that surround them, with bridge portions 220 located on the minor axis
Y. It will be appreciated that the shape and mumber of cuts may be varied, and that there may
be more than one series of intermediate cuts between the inner and outer cuts 218, 202.

(62571 Advantageously, cuts made on the pad 1030 can be used to sclectively size
the pad 1030 to the wound site in which the pad 1030 s to be placed. For example, the pad
1030 can be sized by removing detachable sections from the pad 1030, for example, outer
section 218 that surrounds outer cuts 202, inner scctions 212a, 212b located between the
outer cuts 202 and intermediate cuts 204a and 204b, and inner sections 214a, 214b between
the outer cuts 202 and intermediate cuts 208, Although additional and different cuts from the
cuts 202, 204, 208, and 210 may be made on the pad 1030, these cuts represent exaroples of

types and locations of cuts that can be used to size a pad in a dimensionally-independent
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manner. Types of cuts that can be made on the pad 1030 include, for example, arcuate,
circular, ovoid, zigzag, and/or linear cuts. Further, although the cuts shown here are along
the length © and width W of the pad, similar cuts may be made along the thickness T of pad
1930, such that a thinner pad can be used in a wound site. Cuts may also be madce at an angle
not aligned with either of the X, Y, or Z axes, for example diagonally across the pad 1030,
[6258] In use, the pad 1030 may be too large for the wound site 110, and may
need to be sized by removing the detachable arca 218 encompassed by the edges of the pad
1030 and the cuts 202 made thercon. For smaller wounds, detachable arcas 212a, 212b,

~
/
I

214a, and 214b may all be removed to leave only the detachable areas 216 and 217, In even
smaller wounds, the remainder of the pad 1030 may be removed to lcave only the central
detachable arca 216. Typically, such sizing can be performed manually, for example using
scissors, but such methods incur concomitant disadvantages such as difficulties in
manipulating a cutting utensil in a busy operating room, uneven and imprecise cuts, and the
possibility of shedding foreign particles into a wound site. Instead, the premade cuts on the
pad 1030 may be detached by hand or with minimal cutting along the various bridge portions
206, 220, 222,

[3259] With continued reference to FIGS. 25A-B, certain ombodiments permit
sizing of a pad 113 in a dimensionally-independent manner. Here, sections from the pad
1038 can be detached or cut along the delineations between the various cuts, for example the
sections 212a, 212b and 214a, 214b. These cuts 204 and 208 can permit sizing of the pad
1930 as desired to more closely tailor the actual dimensions of a wound site. For exampile,
sizing a pad 1030 for fitting in a wound that s wider on the left side and narrower oun the
right side may be effectuated by removing a pad section 214da delincated between the cuts
208a, 208b and 202a, 202b. In another example, where the pad 1030 is longer along its top
portion than the wound site 110, a pad section 212a, delineated between cuts 202a, 202b, and
204a can be removed from one end of the pad 1030, In these preceding examples, the outer
detachable portion 218 has preferably already been removed, although this is not necessarily
required. Consequently, dimensionally-independent sizing of the pad 1030 (e.g., modifying
the length of the pad without altering the width of the pad, and vice-versa) may be achicved
by detaching sections 212, 214 delineated by cuts 204 or 208, Additional detachable sections

cncompassed by additional cuts so as fo permit dimensionally-independent sizing of the pad
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1030 are contemplated, and the cmbodiments illustrated herein are not intended to be
limiting. Obviously, for smaller wound sites, the removal of symuuetric sections of the pad
1030 may still be useful, and embodiments of the pad 113 may provide such sections,
ilfustrated here as sections 218, 217, 216, For example, removal of the outer section 218 of
the pad 1030 along the cuts 202 may be necessary. Simularly, for smaller incisions only the
inner section 216 delineated inside cuts 210 may be required.

(62601 Figure 25C illustrates an alternative embodiment of a foam pad 300,
similar to the pads depicted in Figures 25A-B, however, the pattern of cuts 302 depicted in
Figare 3 may differ from the cuts depicted in Figures 25A-B. In certain embodiments, the
pad 300 may comprisc mubltiple concentric clliptical cuts 302. The cuis may cncompass a
complete 360 degree cllipse or they can encompass a partial cut that does not comprise the
entirety of an ellipse. For example, a cut may comprise less than at least 10 degrees, at least
10 degrees, at least 30 degrees, at least 60 degrees, at least 90 degrees, at least 120 degrees,
at least 180 degrees, at least 240 degrees, at least 300 degrecs, or at least 360 degrees. In
particiiar embodiments, the pad may contain at least one elliptical cut, at least two elliptical
cuts, at least three elliptical cuts, at least four elliptical cuts, at least five clliptical cuts, at
lcast ten elliptical cuts, or more than 10 clliptical cuts. As with the pad cmbodiments and
methods depicted in relation to Figures 25A-B, the cuts may allow for sections of foam to be
removed from the pad to allow the pad to be shaped to the form of a wound.

(6261} Figurc 26 depicts an embodiment of a three-dimensional foam structure
400, similar to the foam pads depicted in Figures 25A-C. The foam structure may comprise a
foam material with a number of cuts or perforations 402 in the %, v, and z dimensions. The
cuts or perforations may create frangible regions within the structure that can be selectively
removed from the structure. Such cuts or perforations 402 may allow the foam structure 400
to be modified in a dimensionally-independent manner, similar to the dimensionally-
independent modification of the foam pads depicted in Figures 2SA-C. For example, the
frangible regions of the structure 400 may be selectively removed to alter the structure in the
x dimension, the v dimension, and the z dimension, to shape the structure into the shape of a
wound. Further details regarding the shaping of a three-dimensional to the shape of a wound

may be found in US. Apphcation No. 13/201,427, utled WOUND PACKING, filed
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September 14, 2011, and published as US 2011/0319804. This application is hereby
incorporated by reference in ifs entirety.

13262} In certain cmbodiments, the foam structure may be in the form of an
ovoid, a cube, or other suitable three-dimensional shape. The foam structure 400 may be used
in combination with any suitable negative pressure wound therapy system or apparatus
described herein this section or elsewhere in the specification.

(6263} Figures 27A-B depict embodiments of a porous pad 3200, similar to the
pads and structures deseribed above in relation to Figures 24-26. Although the word “pad”
5200 will be used in this section, any description relating to the pad is also applicable to the
three-dimensional “structure” 400 described in Figure 26.

(6264} In certain embodiments, the porous pad 5200 of Figures 27A-B may
comprise a serics of cuts or perforations 5202, similar to the cuts described in relation to
Figures 25A-26. The pad may be comprised of a porous material 5204, such as those
materials described in relation to Figures 25A-26, and other materials described herein this
section and elsewhere o this specification. The pad may further comprise one or more
stabilizing structures 5006, 5008 cmbedded within the porous material 5204, Such stabilizing
structures are similar to the structures described above in relation to Figures 2A-21, 13A-
14C, and 16-18C. The stabilizing structures may be completely encased within the
surrounding porous material 5204, soch that the stabilizing structures are coropletely
surrounded by the porous material in all directions. In certain embodiments, portions of the
stabilizing structurcs may protrude from the porous material. For example, the stabilizing
structures may protrude from the top, bottom, or sides of the porous material.

[3265] As will be understood by one skilled in the art, the stabilizing structures
are not limited to a side by side arrangement in a two-dimensional plane. Instead, with
reference to the threc-material structure embodiments deseribed elsewhere in reference to
Figure 26, the stabilizing structures may also be arranged along the height of the structure in
three dimensions.

8266} In certain embodiments, the cuts or perforations S202 tn pad 5200 through
porous material 5204 may be of any type described herein this section or clsewhere in the
specification, particularly as relates to Figures 25A-26. As described elsewhere, particularly

in relation to Figures 25A-26, the cuts or perforations may allow frangible regions of the pad
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5200 or three-dimensional structure to be detached so as to shape the pad or three-
dimensional strocture to the shape of a wound. In certain embodiments, the stabilizing
structures 3206 and 5208 arc compictely contained within the detachable regions. In other
embodiments, the stabilizing structures may extend between frangible regions, and thus the
stabilizing struchures themselves may be separable. For example, the stabilizing structures
may have culs or perforations similar to those cuts or perforations in the porous material
5204, In particular embodiments, the frangible stabilizing structures may not be surrounded
by any porous material, instead they may be shaped to the shape of a wound without the use
of an encasing porous material. Further, any of the stabilizing structure embodiments
described herein this section or elsewhere in the specification may be frangible and capable
of being shaped even in the absence of an encasing porous material. In certain embodiments,
frangtble regions of the stabilizing structure may be adhered to one another via an adhesive.

(6267} The stabilizing structures may be of a variety of shapes and sizes such as
those described hercin this section or clsewhere in the specification. Further, different types
of stabilizing structures may be incorporated into a single porous pad 5200. For example, as
depicted in Figure 27A, the porous pad 5200 may be comprised of two tvpes of stabilizing
structures, a smaller-celled stabilizing structure 5206, and a larger-celled stabilizing structure
5208, As illustrated in Figure 274, the larger-celled structure may be contained within the
central portion of the porous pad 3200, while the smaler-celled stabilizing structure can be
contained throughout the outer regions. In certain embodiments, the larger-celled structures
may be contained within the outer regions of the porous pad 5200, while the smaller-celled
structures may be contained within the central portions. The porous pad may be surrounded
by a flexible annular outermost region 5210, In some embodiments, there may be additional
similar regions, allowing for further frangible regions.

{268} In particular embodiments, a portion of the pad containing only porous
matertal may extend beyond the sections of the pad that comprise a stabilizing structure, This
extending porous material-only portion of the pad may extend above, benecath or between
lavers of surrounding tissue, such as the skin, fatty tissue, fascia, muscle, or other suitable
tissues. In some embodiments, this porous material-only portion of the pad may cxtend for
less than one inch, at least 1 inch, at least 2 inches, at feast 4 inches, at least 8 inches, at least
12 inches, at least 15 inches, or more than 15 inches.

T
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[8269] As depicted in Figure 278, the porous pad 5200 may be comprised of
larger-celled stabilizing structures 5208 within the central region and surrounding regions,
while the smalier-celled stabilizing structures 5206 arc contained only within the flexibie
outermost region S210. In further embodiments, the porous pad may comprise more than two
types of stabilizing structures, For example, the porous pad roay comprise at least three types
of stabilizing structures, at lcast four types of stabilizing structurcs, at least five types of
stabilizing structures, at least six types of stabilizing structurcs, or more than six types of
stabilizing structures. In certain embodiments, all of the stabilizing structures are of the same
type, 1.e. have cells of the same size.

(62761 The stabilizing structures 5206, 5208 may be configured to collapse in any
manner deseribed herein this section or elsewhere in the specification such as in relation to
Figares 2A-21, 13A-14C, and 16-18C. Brietly, as described in detal elsewhere, the
stabilizing structurcs 3006 and 5008 can be configured to collapse more readily under
negative pressure in a first direction, while not collapsing to a significant degree in a sccond
direction. Further, various stabilizing structures may have different collapsibility properties
as described herein this section or elsewhere in the specification,

{3271 In certain embodiments, the stabilizing structure may be of any type
described hercin this section or elsewhere in this specification. Further, the stabilizing
structure may be comprised of any of the materials described herein this section or elsewhere
in the specification. In some embodiments, the porous pads 5200 depicted in Figures 27A-B
may be swrrounded by an anchoring layer such as those deseribed in relation to Figures 4-5D.
The anchoring layer may be attached to the porous pad in any manner described herein this
section or clsewhere in the specification. For example, the anchoring layer may be attached
by an adhesive and/or via tape.

[8272] In some embodiments, the porous pad 5200 may further comprise tissue
anchors similar to those described in relation fo Figures 4-5D. Similar to the embodiments
described in reiation to Figures 4-50, the tissuc anchors can be hooks, barbs, prongs, or other
structures that serve to atiach to the tissue of a wound. In some embodiments, the tissue
anchors comprise book and loop fasteners such as those wsed n Velero technologies. The
anchors may cxtend from the stabilizing structurces or from the foam portions of the porous

pad.
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(6273} In some embodiments, the porous pads 5200 may be manufactured by
forming a porous material around the stabilizing structures and then creating cuts and/or
perforations via any method described hercin this section or elsewhere in the specification. In
certain embodiments, the porous pad may contain a single internal pocket or multiple internal
pockets for insertion of the stabilizing structures. For example, cach frangible region may
have a pocket to allow for insertion of g stabilizing structure. In some cmbodiments, the
porous material may be initially sliced in two, such that the stabilizing structure is placed
within once portion of the porous material and then covered by a second portion of the

porous material,

Mechanism for Preventing Collapse of Wound Closure Device (Fioures 28-39)

[0274] In some embodiments, the stabilizing structure used in woond closure
devices as described herein comprises a plurality of celis provided side-by-side in a plane,
cach ccH defined by one or more walls, cach cell having a top end and a bottom end with an
opening extending through the top and bottom ends in the direction perpendicular to the
plane. The stabilizing structure 1s configured to collapse more within the plane than along
the direction perpendicular to the planc. The planc may cxtend in a horizontal direction
parallel with a tissue surface, and the walls extend in a vertical direction perpendicular to the
tissue surface. In certain embodiments, the stabilizing structure comprises a plurality of
clongate strips, and a plurality of intervening moembers connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative to the strips o
aliow the plurality of clongate strips to collapse relative to one ancther.

(6275} Figures 28-32 show one embodiment of a wound closure device 5300.
The wound closure device 5300 can have a stabilizing structure 4200 with one or morc strips
4202 interconnected by one or more intervening members 4204 joined to the one or more
strips 4202 via joints 4206, As discussed above, the strips 4202 and intervening mernbers
4204 detine a plurality of celis 4210 side by side in a plane 5308 (c.g., defined by page in
Fig. 29}, cach of the cells 4210 defined between two adjacent strips 4202 and two adjacent
intervening members 4204 and having an opening 5307 that extends from a top end 5303 to a
bottorn end 5305 of the stabilizing structure 4200 in a direction perpendicular to the plane
5308. As described above, the stabilizing structure 4200 can collapse along the planc such
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that the one or more strips 4202 move toward cach other {c.g., adjacent cach other} as the
intervening members 4204 pivot relative to the strips 4202 (e.g., as the cells 4210 collapse).

6276} With contimied reference to Figures 2€-32, the wound closure device 5300
can also include a support structhiwe 6500, The support structure 6500 can attach to the
stabilizing structure 4200. The support stracture 6500 can at least partially inhibit or prevent
the collapse of the stabilizing structure {c.g., when a negative pressure 18 applied to the
wound closure device 530303,

(62771 In one embodiment, the support structure 6500 can include a plurality of
support clements 6501 that can couple o cach other to define the assembled support structure
6500. The support structure 6500 is thus modular and the size of the support structure 6300
can be varied at least by varving the number of support clements 6501 that are coupled to
cach other.

(6278} Each of the support clements 6501 can optionally include one or more
beams 6510 that {c.g., together) define a length of the support element 6301 and one or more
cross-beams 6520 that define a width of the support clement 6501, where cach beam 6510
extends between and attaches to a pair of cross-beams 6520, In one embodiment, the beams
6510 and cross-beams 6520 can be perpendicular to cach other {c.g., form a T-shape).
However, in other embodiments, the beams 6510 and cross-beamns 6520 can be at other
suitable angles relative to teach other. Each cross-bearn 6520 can have a pair of opposite
cnds 6530, whercin cach of the cnds 6530 of onc support clement 6301 of the support
structure 6500 can couple to an ond 6530 of another support element 6501 of the support
structure 6500, as further discussed below.

14279] In one embodiment the onc or more beams 6510 can have a frangible
portion or joint 6540 {c.g., portion of reduced thickness), that allows the beam 6510 to be
detached (e.g., broken, torn, cut} from the rest of the support element 6581 via the frangible
portion 6140, Therefore, the size {e.g., length) of the support element 6501 can be adjusted
at least by detaching onc or more beams 6510 thercfrom via the frangible portion 6540, for
example, in addition to being adjusted by the number of support clements 6501 that are
coupled to cach other. In one embodiment, the frangible portion 6540 18 defined at the
junction of the beam 6510 and cross-beam 63520, However, in other embodiments, the

frangible portion 6540 can be defined in another portion of the beam 6518 {(e.g., midway



WO 2015/061352 PCT/US2014/061627

along the beam}. In one embodiment, only one end of the beam 6510 has the frangible
portion 6540, In another embodirent, both ends of the beam 6510 have the {rangible portion
06540,

[828¢] As discussed above, a plurality of support elements 6501 can be coupled
together to form the support structare 6500 by coupling the ends 6530 of the cross-beams
6520 of adjacent support eloments 6501 together. With reference to Figures 31-32, the ends
6530 of the cross-beams 6520 can in one embodiment have a C-shaped opening 6532 and
one or more notches 6534 that couple (e.g. clip) onto a boss portion 6562 of a pin 6560
attached to a cylinder member 6352 of an insert 6550 that extends into a cell 4210 of the
stabilizing structure 4200. In onc cmbodiment, the boss portion 6562 can be square shaped
and have a length sized to allow two ends 6530 of cross-beams 6520 of adjacent support
clements 6501 to couple thereto. However, in other embodiments, the boss portion 6562 can
have other suitable shapes {c.g., round). In onc embodiment, the pin 6560 and cyhlinder
member 6552 can be one picce {¢.g., monolithic). In another embodiment, the pin 6560 can
be removably inserted into a corresponding opening in the cylinder member 6552,

(62811 The insert 6550 can also inclode a wall 6354 attached to the cylinder
member 6552, where the wall 6554 can contact {c.g., bear against} a surface of an adjacent
strip 4202, The support structure 6300 can include a plurality of inserts 6550 attached to the
support elements 6501 via the pins 6560 and ends 6530 of the cross-beams 6520, as
discussed above.

(62821 In one embodiment, the support structure 6000 can be made of a rigid or
semi-rigid material. For example, in one embodiment, the support structure 6000 can be of a
rigid polymer material, However, other suitable materials {e.g., plastic materials) can be
used.

[3283] During use, the size stabilizing structure 4200 can be adjusted or varied in
the manner described above. The support structure 6000 can then be sized (c.g., by the
number of support clements 6501 that are coupled together and/or the beams 6510 removed
via the frangible portions 6540} and attached to the stabilizing structure 4200, In one
embodiment, the one or more inserts 6550 of the support structure 6000 are inserted into one
or motrc cclis 4210 of the stabilizing structure 4200 so that support clements 6561 contact the

top end 5302 of the stabilizing structure 4200 {c.g., extond a long a planc parallel to the plane
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5308}, In another embodiment, the one or more inserts 6550 of the support struchure 6500
are inserted into one or more cells 4210 of the stabilizing structure 4200 so that support
clements 6501 contact the bottom cond 5005 of the stabilizing structure 4200. In one
embodiment, the top end 5302 of the stabilizing structure 4200 has a plurality of notches
4220 on an edge of one or more strips 4202 to allow the removal of fluids from the wound
site {e.g., when negative pressure is applied). In another embodiment, the plurality of
notches 4220 are instead defined on the bottom end 5304 of the stabilizing stracture 4200,

[3284] In one embodiment, the support stracture 6500 can attach to the stabilizing
structure 4200 by inserting the onc or more inserts 6550 into the cells 4210 of the stabilizing
structure 4200 and so that the support clements 6501 are adjacent (¢.g., contact) an end of the
stabilizing structure 4200. In another embodiment, the support structure 6500 couples onto
the stabilizing structure 4200 via one or more clip members (not shown} such that the
support structure 6000 locks onto the stabilizing structure 4200.

[6285] In one embodiment, the support structure 6500 can be sized to correspond
to the size of the stabilizing structure 4200, such that when attached to the stabilizing
structure 4200 the support structure 6500 inhibits {e.g., prevents) the collapse of substantially
the entire {e.g., all) stabilizing structure 4200 {(c.g., when negative pressure is applied to the
wound closure device 5300.

(6286} In another embodiment, the support structure 6500 can be sized to
correspond to a size smaller than the size of the stabilizing structure 4200, such that when
attached to the stabilizing structure 4200 the support structure inhibits {e.g., prevents} the
coliapse of a portion of the stabilizing structure 4200 while another portion of the stabilizing
structure 4200 {to which the support structure 6500 is not attached) is allowed to collapse
{c.g., when negative pressure is applicd to the wound closure device 53060).

[3287] Figures 33-39 show another embodiment of a wound closure device
53007, The wound closure device 53007 can have a stabilizing structure 4200, which can be
similar in structure as the stabilizing structure 4200 described above in conncction with
Figures 28-32 {c.g., have one or more strips 4202 interconnected by one or more intervening
members 4204 via joints 4206 and that define a plurality of celis 4210 side by side in a plane

5008).
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[B288] The wound closure device 53007 can include a support structure 6600 that
is cxpandable {c.g., by introduction of a fluid, such as air, into the support structure 6600).
In onc embodiment, the support structure 6600 can include a control valve 6610 in fluid
communication with a header member 6630 (c.g., via a conduit or tube 66208). The header
member 6630 can be in {fluid commmunication with one or more support cleroents 6640 {(e.g., a
plurality of support clements 6640}, In one embodiment, the onc or more support clements
6640 extend parallel to cach other. Each of the support clements 6640 can have onc or more
inserts 6650 (c.g., a plurality of inserts 6650} that extend from one side of the support
clernent 6640 and are expandable (c.g., via fluid delivered via the header member 6630 and
support clements 6640 into the inserts 6650. The inserts 6650 can be sized to fit within the
colls 4210 of the stabilizing structure 4200, such that the inserts 6650 can ¢xtend into the
cells 4210 and can contact one or more surfaces of the cell 4210 {(c.g., walls defined by the
strips 4202 and intervening members 4204,

[68289] In the illustrated embodiment, the support structure 6600 has three support
clements 6640, However, in other embodiments, the support structure 6600 can have more
or fewer support elements 6640,

6296 With continued reference to Figures 33-39, the support structure 6600 can
have one or more seals 6660 (o seal off at least a portion of the one or more support elements
6640. In one embodiment, the one or more seals 6660 can be disposed between the header
member 6630 and the one or more support clements 6640, However, in other embodiments,
the one or more scals 6660 an additionally, or alliteratively, be disposed between adjacent
inserts 6630 of a support clement 6640, In one embodiment, the scals 6660 can be plastic
zipper type scals or sliderless plastic zipper type scals. The scals 6660 advantageously allow
the size of the support structure 6600 to be adjusted while allowing the remaining portion of
the support stractire 6600 {(c.g., the remaining inserts 6650} to be cxpanded via the
introduction of a fluid (¢.g., air) therein. To adjust the size of the support structure 6600, a
uscr can actuate the scal 6660 adjacent the location of the support structure 6600 to be
removed to seal {e.g., close) fluid flow at said location. The desired portion of the support
structure 6600 downstream of said seal 6660 can then be removed (e.g., cut, torn} and the
remaining inserts 6650 of the support structare 6600 expanded via the introduction of said
flutd. The closing of said scal 6660 will inhibit {c.g., prevent) loss of fluid thercthrough.
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[0291] In one embodiment, the support structure 6600 can be sized to correspond
to the size of the stabilizing structure 4200 {c.g., by choosing a support structure 6600 with a
number of support clements 66440 and inserts 6658 corresponding to the mamber of rows of
cells 4210 and number of cells 4210 1n the stabilizing struchure 42003, When the support
structure 6600 1s attached to the stabilizing structure 4200 such that the inserts 6650 extend
into the cclis 4210, the support structure 6600 inhibits {c.g., prevents) the collapse of
substantially the entire {c.g., all} stabilizing structure 4200 (e.g., when negative pressure is
applied to the wound closure device 5300,

6292} In another embodiment, the support structure 6600 can be sized to
correspond to a size smaller than the size of the stabilizing structure 4200, such that when
attached to the stabilizing structure 4200 the support structure 6500 inhibits {c.g., prevents)
the collapse of a portion of the stabilizing structure 4200 while another portion of the
stabilizing structure 4200 (to which the support structure 6500 is not attached) is allowed to

coliapse {¢.g., when negative pressure is applicd to the wound closure device 53007).

Mechanism for Maintaining Closure of Wound Closure Devige (FIGS. 40-46)

13293] Figures 40-46 show onc embodiment of a wound closure device 5400,
The wound closure device 5400 can have a stabilizing structure 4200 and have one or more
strips 4202 interconnected by one or more intervening members 4204 joined to the one or
more strips 4202 via joints 4206, As discussed above, the strips 4202 and intervening
members 4204 define a plurality of cells 4210 side by side in a plane 5408 {(c.g., defined by
page n Figure 40), cach of the cells 4210 defined between two adjacent strips 4282 and two
adjacent intervening members 4204 and having an opening 5406 that extends from a top end
to a bottom end of the stabilizing structure 4200 in a direction perpendicular to the plane
54038, As described above, the stabilizing stracture 4200 can collapse along the plane such
that the one or more strips 4202 move toward cach other {c.g., adjacent cach other) as the
intervening members 4204 pivot relative to the strips 4202 (e.g., as the cells 4210 collapsc).

[3294] With contimaed reference to Figures 40-44, the wound closure device 5400
can also include a mechanism 5402 that can latch, lock or otherwise hold portions of the
stabilizing structurc when in a collapsed configuration to thercby maintain the stabilizing
structure 4200 in the collapsed configuration, for cxample, after negative pressure to the
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wound closure device 5400 18 ceased. In one embodiment, the mechanism 5402 can include
one or more latching members 5404 attached to at least one of the one or more strips 4202.
In the tllustrated cmbodiment, a plurality of latching members 5404 are attached to onc or
more strips 4202 of the stabilizing structure 4200 such that a portion of the latching member
53204 extends into the opening 5406 of cach cell 4210,

6295} Figurc 41 shows onc cmbodiment of a latching momber 5404, The
latching member 5404 can have an clongate member 5410, where one surface of the clongate
member 5410 can attach to a surface of the one or more strips 4202 (e.g., via an adhesive).
The latching member 5404 can also include a latching element 5420 that can optionally be
spaced apart from the clongate member 5410 and can extend at an angle relative to the
clongate member 3410, In onc cmbodiment, the latching clement 5420 can cextend
substantially perpendicular {e.g., at 90 degrees) to the clongate member 5418, However, in
other embodiments, the latching element 5420 can extend at other suitable angles relative to
the clongate member 5410, such as at an angle of less than 90 degrees, or an angle of more
than 90 degrees.

[3296] The latching clement 5404 can have an inner surface 3430 and an outer
surface 5440. In onc embodiment, as shown in Figure 41 A, the inner surface 5430 can be
curved and the outer surface 5444 can be substantially planar. In the iHustrated embodiment,
the curved inner surface 5430 can be concave facing the elongate member 5410, However,
in other embodiments, the inner surface 5430 can be convex facing the clongate member
5410, In another embodiment, as shown in Figure 418, the inner and outer surfaces 5430,
5440 can be generally planar, where the inner surface s angled away from the clongate
moember 5410 and the outer surface 1s angled toward the clongate member 5410, In sull
another erabodiment, as shown in Figure 41C, the inner and outer surfaces 5430, 5440 can be
curved. In the tllustrated embodiment, both the inner and outer surfaces 5430, 5440 can be
concave. However, in other embodiments, one or both of the inner and outer surfaces 5430,
5440 can be convex.

(8297} Figure 42 shows onc embodiment of the latching member 5404 coupled to
a wall of the stabilizing stracture 4200, for example, when the stabilizing structure 4200 is in
the collapsed configuration. The latching member 5404 can be attached fo the one or more

strips 4202 so that the latching clement 5420 is proximate a top ond of the strip 4202, As the
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stabilizing structure 4200 moves to the collapsed configuration {¢.g., via application of
negative pressure to the wound closure device 5400, the outer surface 5440 of the latching
clement 5420 comes in contact with a top edge of the adjacent strip 4202, As the stabilizing
structure 4200 continues to collapse, the top edge of the strip 4202 moves past the outer
surface 5440 and the apex of the latching ¢lement 5420 and moves into the space between
the inner surface 5430 and the clongate member 5410, The inner surface 5430 can contact
the top cdge of the strip 4202 and inhibit the strip 4202 from moving past the inner surface
5430 and apex of the latching cloment 5420, thereby acting to maintain the stabilizing
structure 4200 in a collapsed configuration, even after application of negative pressure to the
wound closure device 5000 has ceased.

298] As discussed above, the inner and outer surfaces 5430, 5440 of the
latching element 5420 can have various configurations, at least one of which can make it
casier {e.g., require less force) for the latching clement 5420 to latch onto the strip 4202,
make it more difficult {c.g., requirc a greater force) for the strip 4200 to unlatch from the
latching clement 5420, or both.

[329%9] In one ermbodiment, as described above, the latching member 3404 can be
attached to the onc or morc strips 4202 of the stabilizing structure 4200. In another
embodiment, the onc or more latching members 5404 and at least a portion {c.g., a
supporting segment 4214) of a corresponding strip 4202 can be a single piece {¢.g., molded
as one picce or monolithic).

133861 Figure 43 shows another embodiment of a latching member 5450 of a
mechanism 5402, The latching member 5450 that can latch, lock or otherwise hold portions
of the stabilizing structurc when in a collapsed position to thereby maintain the stabilizing
structure 4200 in said collapsed position, for example, after negative pressure to the wound
closure device 3000 is ceased. The latching member 5458 is similar to the latching member
5404, except as described below.

(63011 The latching member 5450 can have an clongatc member 5410 and a
latching clement 5420, In the illustrated embodiment, the latching clement 5420 has more
than one tooth 5422 (e.g., a plurality of teeth 5422), cach of the teeth having an inner surface
5430 and an outer surface 5440, as described above in connection with the latching member

5450. The multiple teeth 5422 advantageously allow the mechanism 5402 to latch, secure or
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otherwise hold the stabilizing structure 4200 in more than one compressed state.  For
example, the latching member 5450 can hold the stabilizing structure 4200 in a fust
compressed state {¢.g., 60% compressed) when the strip 4202 latches to a first tooth 54224,
can hold the stabilizing structure 4200 in a second compressed state {e.g., 40% compressed)
when the strip 4202 latches to a second tooth 54228, and can hold the stabilizing structure
4200 in a third compressed state {¢.g., 20% compressed) when the strip 4202 latches to a
third tooth 5422C. Accordingly, where the stabilizing structure 4200 is unable to completely
coliapse upon the application of negative pressure, or where different portions of the
stabilizing structure 4200 collapse to different positions, the latching members 5450 of the
mechanism 5402 can latch, secure or otherwise hold the stabilizing structure 4200 or portions
of the stabilizing structurc 4200 in their compressed positions, for ¢xample once negative
pressure has been removed.

(63021 Figure 44 shows another embodiment of a latching member 5460 of a
mechanism 5402, The latching member 5460 that can latch, lock or otherwise hold portions
of the stabilizing structure when in a collapsed position to thercby maintain the stabilizing
structure 4200 1o said collapsed position, for exarople, afier negative pressure to the wound
closure device 5400 is ceased. The latching member 5460 is similar to the latching member
5450, except as described below.

(63031 The latching member 5460 can have an eclongate member 5410 and a
latching clement 5420, In the ilustrated cmbodiment, the latching clement 5420 has more
than onc tooth 5422 {e¢.g., a plurality of teeth 5422), cach of the teeth having an inner surface
5430 and an outer surface 5444, as described above in connection with the latching member
5450 and allowing the mechanism 5402 to latch, secure or otherwise hold the stabilizing
structure 4200 in more than one compressed state, as discussed above. In the illustrated
embodiment, the latching element 5420 is disposed at an intermediate position between a
bottom end and a top end of the latching member 5460, The latching clement 5420 can
extend throagh an opening 54780 in a portion of the stabilizing structure 4200, such as a strip
4202, so that stress provided by the coupling of the latching clement 5420 and the strip 4202
can be centralized in the stabilizing structure 4200 such that coupling the latching members

3460 to the corresponding portions {e.g., strips 4202} of the stabilizing structure 4200 does
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not cause a curvature {(e.g., deformation away from the plane} of the stabilizing structure
4204,

8304 In another embodiment, the latching clements can be disposed along the
face of the elongate member 5410 and can be hook members that couple to loop members on
the corresponding surface {e.g., sirip 4202} of the stabilizing structure 4200, such that the
mechanism 5402 inchudes a hook-and-loop latching mechanism.

10305] Figure 45 shows another embodiment of a wound closure device 5480,
The woond closure device 5480 can have a stabilizing structure 4200 and have one or more
strips 4202 interconnected by one or more intervening members 4204 joined to the onc or
more strips 4202 via joints 4206, As discussed above, the strips 4202 and intervening
members 4204 define a plorality of eells 4210 side by side in a plane (defined by the page in
Figure 43), cach of the cells 4210 defined between two adjacent strips 4202 and two adjacent
intervening members 4204 and having an opening 5488 that extends from a top end to a
bottom end of the stabilizing structure 4200 in a direction perpendicular to the plane. As
described above, the stabilizing structare 4200 can collapse along the plane such that the one

or more strips 4202 move toward each other {¢.g., adjacent cach other} as the intervening

2

members 4204 pivot relative to the strips 4202 {(c.g., as the cells 4210 collapse).

13306] With continued reference o Figure 45, the wound closure device 5480 can
also include a mechanism 5482 that can latch, lock or otherwise hold portions of the
stabilizing structure when in a collapsed configuration to thereby maintain the stabilizing
structure 4200 in the collapsed configuration, for cxample, after negative pressure to the
wound closure device 5480 1s ceased. In one embodiment, the mechanism 5482 can include
one or yoore first latching members 5484 attached fo at least one of the one or more
intervening members 4284 and onc or more second latching members 5486 attached to at
least one of the one or more strips 4202, In the Hustrated embodiment, a plurality of first
latching members 5484 are attached to a plurality of intervening members 4204, and a
plurality of sccond latching members 5486 arc attached to a plurality of strips 4202 such that
a first latching member 5484 and a sccond latching member 5486 extend into the opening
5488 of the cell 4210, In one embodiment, the first latching member S484 extends at a non-
perpendicular angle (e.g., an acuic angle} relative to s corresponding intervening member
4204, and the sccond latching momber 5486 extends at a non-perpendicular angle (e.g., an
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acuie angle} relative to its corresponding strip 4202, In one embodiment, the angle of the
first and sceond latching members 5484, 5486 relative to their corresponding infervening
member 4204 and strip 4202 1is the same.

68387} As the stabilizing structure 4200 moves to the collapsed configuration
{¢.g., via application of negative pressure to the wound closure device 5480), the intervening
member 4204 folds toward the strip 4202 so that the first latching member 5484 comes in
contact with the sccond latching member 35486, In onc embodiment, the first latching
member 5484 slidably contacts the second latching member 5486 as the intervening member
4204 folds onto the corresponding strip 4202, In one embodiment, the first and second
latching members 5484, 5486 maintain the intervening member 4204 and strip 4202 (and
therefore the stabilizing structure 4200) in the collapsed configuration via at least the friction
force between the first and second latching members 5484, 5486, In another embodiment,
the latching members 5484, 5486 can have latching elements, such as the latching clements
5420 described above. For example, onc or both of the first and second latching members
5484, 5486 can have a curved surface {c.g., convex surface) that slides past a corresponding
latching surface {¢.g., convex surface) on the other of the first and second latching members
5484, 5486,

13388} In onc embodiment, the first and second latching members 3402, 5482 can
be attached (e.g., adhered} to their corresponding intervening member 4204 and strip 4202,
In another embodiment, the first latching member 5484 and intervening member 4204 can be
a single picce {¢.g., molded together, monolithic), and the second latching member 5486 and
the corresponding strip 4202 can be a single piece (e.g., molded together, monolithic).

[0309] In ove embodiment, the mechanism 5482 can have a reset or release
mechanism that can be actuated to unlatch the one or more latching members 5404, 5450,
5460, 5484, 5486 from corresponding portions (e.g., strips 4202} of the stabilizing structure
4200, For example, if the mechanism 5482 madvertently or accideuntally latches at least
portions of the stabilizing structurc 4200 as the stabilizing structure 4200 s first placed over
or within the wound site. In another embodiment, if the surgeon wants to move at least a
portion of the stabilizing structure 4200 from a collapsed configuration, for example after
negative pressure has been removed, the surgeon can actuate the rest or release mechanism to

allow said at lcast a portion of the stabilizing structure 4200 to be moved to an expanded
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configuration. An operator {¢.g., surgeon) can actuate the reset of release mechanism {e.g.,
via an actuator, such as a lever) to unlateh the one or more latching members 5404, 5450,
5460, 5484, 5486 from the corresponding strips 4202, For cxample, the reset or release
mechanism can move the latching clement 5420 of the engaged latching member 5450, 5460
away {¢.g., axially away) from the strip 4202 so that the strip 4202 can move past the
latching clement 5420 allowing the stabilizing structure to be expanded {rom a collapsed
configuration. In one embodiment, cach latching member 5404, 5450, 5460, 5484, 5486 can
have a separate resct or release mechanism.  In another embodiment, the reset or release
mechanism can be actoated to unlatch a plurality of laiching members 5404, 5450, 5460,
5484, 5486 at the same time.

10310] Figurc 46 shows one embodiment of a resct or release mechanism 5490
that can be used, for example, with the one or more latching members 53454, 5450, In the
tustrated embodiment, the reset or release mechanism 5490 can include an arch portion
5492 that can interconnect two latching members 5404, 5450, An operator {c.g., surgeon)
can actuate the reset or release mechanism 5490 to unlatch the one or more latching members
5404, 5450 from portions (e.g., strips 4202) of the stabilizing structure 4200 by applying an
upward force on the arch portion 5492 {c.g., via a surgical instrument inserted underncath the
arch portion 5492, such as forceps or other surgical instruments in the operating room, or via
the operator’s fingers), thereby lifting the latching element 5420 of the interconnected
latching members 5404, 5450 from engagement with the portion (e.g., sirips 4202) of the
stabilizing structure 4200,

(8311 In one embodiment, two latching wmembers 5404, 5453 can be
interconnected by the arch portion 5492, In another embodiment, more than two latching
members 5404, 5450 can be interconncected by arch portions 5492 disposed between adjacent
latching members 5404, 545¢. For example, where the reset and release mechanism 5490 is
to be operated by using the operator’s fingers, three or four arch portions 5492 could
interconnect adjacent latching members 5402, 5450, o allow facilitate lifting of the arch
portions 5492 as described above. In one embodiment, the arch portion 5492 can be proud of
(c.g., can protrude from) the end {c.g., top cnd) of the stabilizing structure 4200 by an
amount sufficient to allow an operator to insert either a surgical instrument or the operator’s

finger(s) under the arch portion 5492 to hift the laiching members 5404, 5450 from
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engagement with the portion (e.g., strips 4202} of the stabilizing structure 4200, as discussed
above. In one cmbodiment, the profile of the arch portion 5492 can be as low as possible
whilc allowing an operator to inscrt at lcast a portion of a surgical instrument, or the user’s
finger(s), under the arch portion 5492 so as not to impede the dynamic contraction or
coliapse of the stabilizing structire 4200 (c.g., via drag exerted by the arch portions 5492 on
a toam portion disposed above the stabilizing strocture 4200). Though the reset or release
mechanism 6201 is described above in connection with the latching members 5404, 5450,
one of skill in the art will recognize that the reset or release mechanism 5490 described
above could also be used with the latching members 5404, 5450,

[6312] The latching members described above can be made of a resilient material,

such as a plastic or polymer material. However, other suitable materials can be used.

Stabilizing Structures and Wound Closure Deviges of Fioures 47-51

(8313} In certain embodiments, it may be advantageous to minimize the number
of steps needed for a clinician to position a stabilizing structure as described above and other
components into a wound. For example, it may be desirable to eliminate one or more sieps
relating to placement of the porous layers 5102, 5116, the porous layer 5106 and/or the
anchoring layer 5108, as depicted above in Figures 10A-10C.

(6314} In some cmbodiments, while the porous layvers 5102, 5116 and/or 5106 of
Figures 10A-10C may be uscful for transmitting fluid between upper and lower surfaces of
the stabilizing structure, in another embodiment with or without one or more of such layers,
the stabilizing structure itsclf may include a system of pores, channels or grooves running
from the lower surface to the upper surface, ¢.g., along some or all of the vertical walls
within some or all of the cells to aliow liquids to bridge the stabilizing structure using
capillary action. For example, channels or grooves may be moulded, etched or deposited onto
surfaces of the stabilizing structure. For example, channels could be made by deposition as
described in PCT Publication No. WO 2008/150542 A1, the cntircty of which is hereby
incorporated by reference. For example, referring now to Figures 2A-21 above, the material
4216 may be molded so as to contain vertical tubes running from the lower to the upper
surface of the stabilizing structure either within the clongate strips 4202 or within the

intervening members 4204, allowing fluid transfer. For example the system of pores,
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channels or grooves could be present on the individual supporting segments so as to allow
liquid to travel from the lower surface to the upper surface if the soft polymer is selectively
molded over only parts of the stabilizing structure thus leaving these pores, channels or
grooves exposed.

[8315] Essentially, using such an approach will provide a route with a working
capillary cross-section. Providing such pathways cither along the surfaces of the stabilizing
structure or within it will mean that even after cutting of the stabilizing structure to a desired
size, these pathways will still exist in the as-sized structure. In one embodiment, the one or
more pathways provided by the pores, channels or grooves of the stabilizing structure can be
hydrophilic to facilitate capillary action by liquid {c.g., from the wound side), thereby
aliowing said Hquid to bridge the stabilizing structure, as discussed above. For example, said
soft polymer discussed above can be a soft hydrophilic polymer (e.g., acrylic polvmer with
hydrophilic groups, such as ethyl hydroxyl}), hydrophilic silicone, etc. However, other
suitable hydrophilic materials known in the art can be used. Such hydrophilic materials are
described, for example, in Mechanical Propertics of a Hydrophilic Acrvlic Polymer, W. J.
("Brien, J. Hermann, & T. H. Shepherd, I. Biomed. Mater. Res. Vol 6, PP, 15-24 (1972). 1o
other embodiments, a hydrophilic coating (c.g., hydrophilic silicone) can be applied to onc or
more surfaces of the stabilizing structure.  Any suitable hydrophilic coating know in the art
can be used.

[6316] Other examples of such soft polymers include copolymeric polymers such
as hybrids derived from two or more monomeric specics, including alfernating, periodic,
statistical, random, block, lingar, branched, star, graft and pendant copolymers. Entangled
systers include interpenctrating networks (IPNs) and semi-interpenetrating  networks
(SIPNs). These polymers can incorporate both organic and inorganic moictics. Examples of
hybrid organic-inorganic polvmeric systems that have used both siloxane and organic units
inclnde: acrylate functionalized siloxane copolymers; hybrid grafts where organic polymers
are gratted onto a polysiloxane chain or where siloxanes are grafted onto organic polymers,
for example in silanc graft technology for cross linkable high deunsity polyethylene (HDPE)
where hybrid grafis have been used to allow the cross linking of organic polymers through

siloxane bond formation; hyvbrid block copolymers, for example silicone-polyearbonate block
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copolymers; and copolymers of hybrids of silicone and ethylene copolymers, cross-linked
with vinyl-containing silicone copolymers,

(8317} IPNs represent a class of hybrid polymeric systems that use a combination
of mechanical entanglement and crosslinking in which one polvmer is cured about ancther.
These inchude thermoplastics entangled with platinurn catalyzed addition core silicones, such
as silicone-urcthane IPNs and semi-1PNs including silicone-urcthane and silicone-polyamide
systems; hydrophilic components immobilized in a silicone polymer; and silicone polymer
cured about a non-reactive polymer of comparable adhesion.

[0318] In another embodiment the soft polymer described above, molded over
part or all of the stabilizing structure 4200 of Figures 2ZA-21 may be selected so as to retain
the required material properties with regards to the required feel and function of the device
but also to function as the porous material,

13319 Fxamples of suitable clastomers may be found in U.S. Publication No.
2010/0075056, the entirety of which is hereby incorporated by reference. For example,
porous polymers synthesized within high internal phase emulsions (HIPE), sometimes
referred to as “polyHIPE” within the scicntific litcrature, can be used. In another example,
highly porous clastomer-silsesquioxanc nanocomposites synthesized within high internal
phase emulsions or polydimethylisiloxane (PDMS) elastomerformed with three-dimensional
(3D) micro~channels, can be used.

{3320] In another embodiment the porous materials such as the foam described
above, wicking layers, acquisition distribution layers {ADLs}, clastomers or other materials
may be provided on internal surfaces and or on the external surfaces of the stabilizing
structure.  Wicking or acquisition distribution layers (ADLs} arc able to wick fluid such as
wound exudate and would serve to transport liquid from the lower face to the upper face of

~

the stabilizing structure. Some embodiments of the ADL may comprise viscose, polyvesier,
polypropylene, cellulose, or a combination of some or all of these, and the material may be
needle-punched. Some embodiments of the ADL may comprise polyethyiene in the range of
40-150 grams per square meter (gsm). Examples of ADLs may include: Dry Web TDL2 from
Libeltex BVBA with a basis weight of 55gsm, SlimCore TLA from Libeltex BVBA with a
basis weight of 150gsm & 90gsm, Dry Web T28F from Libeltex BVBA with 3 basis weight

of 50gsm & MHO80.121 from Glatfelter with a basis weight of 80gsm.
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(6321} Advantages of these approaches is that they may overcome the
requirement to usc foam or other porous material on the outer perimeter of the stabilizing
structure, especially foam or porous material applied after sizing of the stabilizing structure,
to allow fhuid transfer and would also allow for transfer across all {or selected) vertical
members or walls within the stabilizing structure.

{3322] In any of thesc embodiments, anchors or an anchor layer may farther be
provided on internal {as well as external} surfaces of the stabilizing structure, alone or in
combination with the embodiments described above. For example, anchors may be provided
inside cells of the stabilizing structure on elongate strips extending lengthwise across the
stabilizing structure. Thus, when the stabilizing structure is cut the resulting structure would
have anchors on the two lengthwise surfaces on the resulting outer perimeter.

{6323] In another embodiment, anchors may be incorporated into the individual
supporting segments 4214 described above in relation to Figure 2A-21 which comprise part
of the longitudinal strips 4202, Iu such embodiments, the base of the anchors may serve as
the individual supporting segments 4214, the base optionally encapsulated or partly
encapsulated within a fiexibic polymer.

[8324] Figure 47 illustrates one embodiment wherein a section of a stabilizing
structure (which may be any of the stabilizing structores described herein) coroprises at least
two clongate strips 2302 and 2304 scparated by intervening members 2306 to define a
plurality of cells 2308, One, two, three or all of the vertical walls of the cells 2308 defined
by the strips and intervening members may be covered by a porous material such as foam, an
clastomer, or other material or structure described above to provide for tluid transfer.
Preferably, cven though internal walls or covered, the cells arc still open between the upper
surface and lower surface of the stabilizing structure in order to facilitate to coliapse of the
structure.  As illustrated in Figure 48, a layer of porous material 2310 such as foam can be
applied fo internal surfaces of the stabilizing structure using an adhesive layer 2306, The
porous layer 23180 may further have anchors or an anchoring layer attached to all or portion
thereof, or not at ali.

6325} As illastrated in Figore 48, the porous layer 2310 may be apphed to
internal surfaces of adjacent cells. Figure 48 also ilustrates that the porous layer 2310 may
be applied to an external surface of strip 2304, if strip 2304 defines an outer perimeter of the
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structure.  In some embodiments where the cells have four internal walls, two defined by
strips 2302 and 2304 and two defined by adjacent intervening moembers 2306, one
cmbodiment provides for one of the four internal walls to be covered with the porous layer
2310. In other embodiments, the porous layer may have an “n” shape covering three of four
walls, for example an intervening member wall and the two adjacent walls formed by the
strips 2302 and 2304, Other variations are also possible. Accordingly, even it the stabilizing
structure 2300 is cut to an appropriate size, the structure advantageously will have a resulting
outer perimeter that includes at least a portion thereof covered by a porous material.

6326} Figures 49A-49B illustrate one cell 2408 of a stabilizing structure 2400,
which can be similar to the stabilizing structurc 2300 and can have a plurality of cclls 2408
arranged in rows as described above, the cell 2408 having wall portions that define portions
of two clongate strips 2406, and intervening members 2402, 2404 that interconnect the
clongate strips 2406, A strip 2406 can have a medial surface 2406a and a lateral surface
2406b. Medial or medially-facing as used herein refers to a dircction toward a center of the
stabilizing structure, and lateral or laterally-facing {(sometimes also referred to hercin as
distal or distally-facing) as used herein refers to a direction outward from a center of the
stabilizing structure.

163271 In one embodiment, a porous layer 2410, which can be similar to the
porous layer 2310 described above, can be disposed on at least a portion of the medial
surface 2406a. Accordingly, when the size of the stabilizing structure 2400 is adjusted {c.g.,
by cutting one or more strips) to better fit over or within the wound site, the lateral surface
{e.g., distal surface) 2406b of the one or more cells 2408 of the stabilizing structire 2400 can
have a substantially flat or planar {and 1n some erobodiments smooth) surface.

(8328} In one embodiment, the porous layer 2410 can be disposed over less than
the entire {e.g., less than 90%, less than 80%, less than 70%, less than 50%, less than 309%,
less than 20%, less than 10%) width of the medial surface 2406a, and can extend from a
bottom cnd to a top end of the medial surface 2406a. In onc embodiment, the porous layer
21410 can be disposed on a portion of said medial surface 2406a that defines one quadrant
(or less than one quadrant) of the cell 2408,

(83291 With continued reference to Figure 49A, the porous layer 2410 can be

disposed on the medial surface 2406a so as to not restrict movement of the one or more walls
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of the cell 2408 as the cell 2408 collapses when the stabilizing structure 2400 moves toward
a collapsed position, such as during the application of negative pressure thereto.  For
example, the porous layer 2410 can be disposed on a portion of the medial surface 2406a that
defines an obtuse angle (e.g., between strip 2406 and intermediate member 2404} as the cell
2408 collapses, thereby avoiding restricting the collapsing movement of the cell 2408, 1t will
be appreciated that the porous laver 2410 can be placed in other locations, such as on an

inwardly-facing surface of one of the intervening members 2402, 2404,

(8336 Figure 498 shows the cell 2408 moving toward a collapsed position,
where the cross-section of the cell 2408 is shaped like a parallelogram.  Said collapsing

mation can occur as a force F (o.g., due to ncgative pressure applicd to the stabilizing
structure 2400} is applicd on the lateral face 2406b and the face of the intervening member
2402, In the illustrated embodiment, as the medial surface 2406a moves toward the
intervening member 2402, the porous layer 2410 facilitates the flow of fluid therethroogh
whilc not interfering or restricting the collapsing movement of the cell 2408,

(8331} Figure 50 schematically illustrates a bird-eye view of a plurality of cells
2408 of the stabilizing structure 2400, where porous layers 2410 are disposed on the medial
surfaccs 2406a {c.g., proximal surfaces) of the strips 2406 of the stabilizing structure 2400,
When strips 2406 arc removed {c.g., cut}, along with associated intervening members, from
the stabilizing structure 2400, the lateral surface 2406b (sce Figure 51) of the remaining
strips 2406 can be substantially flat or planar while the medial surface 2406a of the strips
24036 has the porous layer 2410 (c.g., disposed in one or more of the cells 2408 of the
stabilizing structure 24003, That is, if certain elongate strips {and corresponding intervening
roembers) are removed from lateral portions of the stabilizing structure, more redial strips
will remain that include the porous layers 2410, Afier sizing of the stabilizing structure
shown in Figure 16, clongate strips 2406 may remain having flat or substantially smooth
outer or lateral surfaces. Such surfaces may not include a porous layer 2410, and may be
used for attachment of an anchoring layer as described above thereto.

(8332} Fi1G. 51 schomatically illustrates the stabilizing structure 2400, where one
or more anchors {e.g., an anchor layery 2500 is disposed on at least a portion of lateral
surfaces {e.g., distal sorfaces) 2406b of the strips 2406, Accordingly, when strips 2406 are
removed {c.g., cut) from the stabilizing structure 2400, the lateral surfaces 2406b {(c.g., distal
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surfaces) of the strips 2406 will have said anchors thereon, thereby avoiding having to attach
an anchor layer to said lateral surfaces 2406b following the resizing of the stabilizing
structure 2400. Said anchors 2500 can be tissue anchors, as described above.,

16333] In one embodiment, the one or more anchors or anchor laver 2500 can be
disposed on the lateral surfaces (e.g., distal surfaces) 2406b of the strips 2406 so as to not
restrict movement of the one or more walls of the celis 2408 of the stabilizing structare 2400
as the cells 1408 collapse when the stabilizing structure 2400 moves toward a collapsed
position, such as during the application of negative pressure thereto. For example, the
anchors 2500 can be disposed oun a portion of the lateral surface 2406b that defines an obtuse
angle (c.g.., between strip 1406 and intermediatc member 2404, 2402) as the cell 2408
coliapses, thereby avoiding restricting the collapsing movement of the cell 240K,

[0334] In one embodiment, the one or more anchors or anchor laver 2510 can be
disposcd over less than the entire {c.g., less than 90%, less than 80%, less than 70%, loss than
509, less than 30%, less than 20%, less than 10%:) of the lateral surface 2406bh. In one
embodiment, the anchor layer 2500 can be disposed on a portion of said lateral surface 2406b
that defines one quadrant {or less than one quadrant) of the cell 2408,

13335] In onc embodiment, the stabilizing structure 2400 can have both onc or
more porous layers 2410 on medial surfaces 2406a, and one or more anchors 2500 on lateral
surfaces 2406b of the strips 2400, Accordingly, when strips 2406 arc removed {(e.g., cut)
from the stabilizing structure 2400, the lateral surfaces 2406b (c.g., distal surfaces) of the
strips 2406 will have said anchors thereon and the medial surfaces 2406a (e.g., proximal
surfaces) will have porous layers 2410 thereon, thereby avoiding having to attach an anchor
layver 2500 to said lateral surfaces 2406b or a porous layer 2410 to said medial surfaces

24Q6a following the resizing of the stabilizing structure 2400,

The Anchoring Clins of Fizures S2A —38B

6336} Figures 52A — 52E illustratc multiple views of stabilizing clips that may
be attached to the stabilizing structures of Figures 2A — SD, 13A —~ 140, and 16-18C or other
embodiments described herein. As illustrated i Figore 52A, in some embodiments,
stabilizing clip 7000 may comprisc an attachment portion 7002 that allows it to “clip” onto a
wall of a stabilizing structure, such as upon an clongate member or an intervening member.
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Stabilizing clip 7000 may also comprise 8 securing portion 7004 that can extend above or
below tissue layers to aid in securing the stabilizing structure 6000 o the surrounding tissue.
The sccuring portion 7004 may cxtend from a lower end of the attachment portion 7002, at
the closed end of the attachment portion. For example, when a stabilizing structure, such as
stabilizing structure 6000 of Figure 14A, is placed into an abdominal wound, the underlying
viscera may tend to expand and push the stabilizing stracture upwards and out of the
abdominal wound. Such an occurrence is undesirable because, as described above, the
stabilizing structure is suited to be placed within an abdominal wound whereby the
stabilizing structure can draw the edges of the wound together, To alleviate the outward
pressure of the expanding viscera, in some embodimaents as illustrated by Figure 528, before
placing the stabilizing structure within the wound, the stabilizing clips 7000 may be attached
to the underside of the stabilizing structure 6000, The securing portion 7004 of the stabilizing
structure 6000 may then exiend outward from the stabilizing structure and under the
surrounding tissuc 7010, for example the fascia 7012,

103371 In some cmbodiments, the clips are rigid, therefore once the securing
portion 7004 is extended below the fascia 7012, the securing portion can absorb upward
force from the swelling viscera while maintaining the stabilizing structure 6000 in place
within an abdominal wound. In further embodiments, the securing portion may be somi-rigid
or soft. In some embodiments, the clip can be made from any suitable material including, for
example, plastics, ABS, PU, PE, PP, PET, silicone, Nylon, or other suitable materials known
in the art, Further, the clip can be made of metals including, for example, titanium, stainlcss
stec, Inconel, or other suitable material known in the art. Additionally, the ¢lip can be made
of composites inclading, for example, carbon fiber, Keovlar, reinforced plastics, or other
suitable material known in the art,

{338} The stabilizing clip may be clipped to the top or the bottom of the
stabilizing structure, thereby extending the sccuring portion over the top or below the
surrounding tissue. In some erbodiments, an anchoring layer such as those described
clsewhere in the specification, particularly in Figures 3 - 5D, may be attached to the
stabilizing clip. One of skill in the art with recognize that such an anchoring laver may be
applied to the stabilizing clip in any suitable manner, such as around or under the stabilizing
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63391 In some embodiments, the stabilizing clips are radiopaque, such that they
arc casily identifiable if lost within the body. To further make the stabilizing clips casicr to
find, the stabilizing clips may be attached or tied together in a suitable manner. In some
embodiments two stabilizing clips are attached together, three stabilizing clips, four
stabilizing clips, or more than four stabilizing clips attached together.

{348 In embodiments, the stabilizing structure may have notches such that the
stabilizing clips may be help more firmly over the notch. The stabilizing clip may further
have an additional protrusion that serves to prop open the stabilizing structure such that the
stabilizing structure cannot fully close. Instead of or in tandem with a protrusion, the
stabilizing clip may have a loop that acts to prop open the stabilizing structure. In some
embodiments, the stabilizing c¢lip props open the stabilizing structure at least: 109, 20%,
30%, 40%, 50%, or more than 50%.

(63411 Figure 520 illustrates an embodiment of stabilizing clip 7006, similar to
the stabilizing clip of Figure S2A. Stabilizing clip 7000 may comprise an attachment portion
7002 that loops over the top of a wall of a stabilizing structure. In this way, the stabilizing
clip 7000 will be more difficult to dislodge from the stabilizing structure, As with the other
stabilizing clip embodiments illustrated in Figure 52A, the stabilizing clip of Figure 52B may
comprise a securing portion 7004 that extends below a layer of tissue such as the fascia, to
maintain the stabilizing structure in place. The securing portion 7004 may cxiend from a
lower end of the attachment portion 7002, however, in this instance the lower end of the
attachment portion is the open end because the stabilizing clip “clips” onto the stabilizing
structure from the top.

(6342} Figurc 52D depicts another embodiment of a stabilizing clip 7008, similar
to the stabilizing clip embodiments of Figurcs 5ZA-B. Stabilizing clip 7008 has securing
portions 7004, 7010 on both the upper and lower portions of the stabilizing clip. The
stabilizing clip may have a first securing portion 7010 extending outward from an upper end
of the attachment portion and a sccond securing portion 7004 extending outward from a
fower end of the attachment portion. Therefore, once attached to a stabilizing structure,
stabilizing clip 7008 may more tightly secure the stabilizing structure o place because the

securing portions cxiend both above and below various tissuc layers such as the fascia,
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Figure S2E shows side views of stabilizing clips 7000, 7006, and 7008, while Figure 52F
shows a top front view of stabilizing clips 7000, 7006, and 7008.

[8343] Figurcs 53A-C illustrate embodiments of stabilizing clips, similar to the
stabilizing clips depicted in Figures S2A-F, attached to a stabilizing structare 7100 similar to
the stabilizing structures of Figure 2A —21 and SA — 5D, Here the stabilizing clip 7000, 7006,
7008 may be attached to the botiom of a stiffer portion 7102 of the stabilizing structure.
Howgver, the stabilizing clip may also be attached to the softer portion of the stabilizing
structure. In some embodiments, more than one stabilizing clip will be used. For example, a
single stabilizing stracture may contain 2 or more of one type of stabilizing clip on one side,
three or more stabilizing clips, four or more stabilizing clips, five or more stabilizing clips,
six or more stabilizing clips, or more than six stabilizing clips. Sometimes when using more
than one clip, only one type of clip is used, however, at other times more than one type of
clip may be used. In certain embodiments, there will only be one stabilizing chip per wall of
the stabilizing structure; however, further embodiments may call for multiple stabilizing clips
per wall of the stabilizing structure.

[1344] Figares 54A-534F are pictures of embodiments of stabilizing structures
2000 similar to the stabilizing structurcs of Figures 14A-C. Similar to Figures 53A-C,
stabilizing clips 8G02 may be attached to the stabilizing structure to secure the stabilizing
structure within the wound. As described heretn this section and elsewhere in the
spectfication, the stabilizing clips 8002 may cxtend outward from the stabilizing structure
into the surrounding tissue and hold the stabilizing structure in place within the abdominal
wound.

[6345] Figures 534F-G are illustrations of the stabilizing structure embodiments of
Figures 54A-18E, however, the embodiments within these illustrations includes a larger
number of stabilizing clips.

{3346} Figures 55A-G illustrate an embodiment of stabilizing clip 3006, similar
to the stabilizing clip of Figure 52C. Stabilizing clip 9006 may comprisc an attachment
portion 3002 that loops over the top of a wall of a stabilizing structure. As with the other
stabilizing clip embodiments Hustrated in Figure 52C, the stabilizing clip of Figures S5A-G
may comprise a securing portion 3004 that extends below a layer of tissue such as the fascia,
to maintain the stabilizing structure in place. The securing portion 9004 may extend from a
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lower end of the attachment portion 9002, The securing portion 9004 can melude grippers
9005, The grippers 9008 can assist in attaching the securing portion to the surrounding
tissue. The sccuring portion 9004 and the grippers 9008 cxtend below a layer of tissue such
as the fascia, to maintain the stabilizing structure in place. The tissue grippers 9008 can be
simifar to the tissue anchors described with reference to Figures 5A-D. The tissue grippers
9008 can be formed of the same material as the stabilizing clip. In some embodiments, the
grippers 9008 can be formed of a different material than the material used for construction of
the stabilizing clip. Figures 55A-G tllustrate grippers 9008 on a top surface 9010 of the
securing portion 2004, In some embodiments, the grippers 9008 may be provided on the
bottorn surface 9011, sides 9012, or front surface 9013 of the securing portion. Further, in
some embodiments, the attachment portion of the stahilizing clips may include grippers that
can assist in securing the stabilizing structure.

(63471 Figures 56A-J illustrate an embodiment of stabilizing clip 10006, similar
to the stabilizing clip of Figures 55A-G. Stabilizing clip 10006 may comprise an attachment
portion 302 that loops over the top of a wall of a stabilizing structure. As with the other
stabilizing clip erobodiments illustrated in Figures 55A-G, the stabilizing chp of Figores
56A-J may comprise a sccuring portion 10004 that cxtends below a layer of tissue such as
the fascia, to maintain the stabilizing structure in place. The securing portion 10004 may
extend from a lower end of the attachment portion 10002, The stabilizing clip 16006 can
include a step or recess 10010 at the intersection of the sccuring portion 10004 and the
attachument portion 10002 or where the scouring portion 10004 extends horizontally from the
attachment portion 10002, In some cmbodiments, as dopicted in Figurcs 56A-), the securing
portion 10004 may include grippers 10008 to assist in attaching the securing portion to the
surrounding tissue. In other cmbodiments, the stabilizing clip 10006 with the step or recess
10010 may be used with a sccuring portion 10004 without grippers 10008 on the surface of
the sccuring portion 10004, The step 10010 can provide a step or recess in the stabilizing clip
to accommodate a foam and/or other material positioned below the matrix, similar to foam
layer 5102 described with reference to Figure 10A or other embodirents described hercin,
The step 10010 allows the stabilizing clip 10006 attached to the matrix stabilizing structure

10313 to fit arcund a picce of foam that 15 placed below the stabilizing structure 10013 which
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may be slightly larger than the stabilizing structure 10013, In some embodiments, the size of
the step can be changed to accommodate the various foam sizes.

[8348] Figurcs 56H-J arc pictures of the stabilizing clip 10006 attached to a
stabilizing structuore or matrix support 10013, The stabilizing structiwe 10013 s positioned
above a foam layer 10011, The foam layer 10011 is larger than the stabilizing strocture
10013, The step or recess 10010 of the stabilizing clip fits around the larger foam laver
10011, The step or recess 10010 may allow the stabilizing clip to secure the stabilizing
structure within the wound without applying excess pressure on the foam layer that is slightly
larger than the stabilizing structure. The step or recess may be provided at any vertical
position along the attachment portion of the stabilizing clip to accommaodate various depths
of foams, stabilizing structures, and/or stabilizing clips.

13349} Figures S7A-J illustrate an embodiment of stabilizing clip 11006, similar
to the stabilizing clip of Figure 52C. As with the other stabilizing clip embodiments
ithustrated in Figure 52C, stabilizing clip 11006 may comprise an attachment portion 11002
that loops over the top of a wall of a stabilizing structure and a securing portion 11004 that
extends below a layer of tissue fo maintain the stabilizing structure in place. The stabilizing
clip 11006, as illustrated in Figures 21 A-J, may include a foot 11012 to latch to the bottom of
the stabilizing structure 11013, The foot 11012 may be provided at the ond 11014 of the loop
of the attachment portion 11002 that loops over the top of a wall of the stabilizing structure
11004, The foot 11012 can provide strengthening in the corner of the stabilizing clip 11006,
The stabilizing clip 11006 with the foot 11012 improves the stability and strength of the
stabilizing clip 11006, Figures STH-57J are pictures of the stabilizing clip 10006 attached to
the stabilizing structure 10013, The stabilizing clip 11006 can include a foot and grippers as
ilfustrated in some embodiments in Figures S5A-G.

(8358 Figures 58A-B are pictures of embodiments of a stabilizing device. The
stabilizing device 12000 can include grippers 12008 on an outside surface of the stabilizing
device. The grippers can be similar to the tissue anchors described with reference to Figures
SA-D. Examples of such grippers may be available from Alfatex. In one embodiment, an
anchoring layer may be provided comprising a 3D fabric material or portion thercof. For
examople, a 3D fabric may comprise a woven fabric layer provided along a first plane and a

plurality of monofilaments extending perpendicularly from or at an angle relative to the
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woven fabric layer. The woven fabric layer may be configured to be attached to directly or
indirectly to the outside of a stabilizing structure as described clsewhere in this specification
and in the applications incorporated by reference. Monofilaments may have a mushroom-
shaped head or other shapes configured to engage tissue surrounding the stabilizing structure.
The head of the monofilaments may be similar to a peened rivet with a flatted head and
extended edges that engage the suwrrounding fissues. If the monofilaments protrude at an
angle then the material creates more grip in one direction of shear than another. This
dircctionality means the anchoring layer and monofilaments can be positioned on a
stabilizing structure so that the shear acts to stop the device being forced up or ount of the
wound by the viscera but can be casily released by pushing it down,

{03581 As described above, a stabilizing structure such as those described herein
this section or elsewhere in the specification may be securing within a wound through the use
of any stabilizing clip described herein this section or elsewhere in the specification. The
following steps necd not be completed in any particularly order, but are provided in the
following order as an cxample. As depicted above in relation to Figure 10A, the stabilizing
structure may first be sized for a particular wound by trimming or removing portions of the
stabilizing structure. Upon sizing the stabilizing structure to a particular wound shape,
stabilizing clips may then be attached to the stabilizing structure. Then, the stabilizing
structure is partially closed so as to facilitate placing the stabilizing structure into an
abdominal wound and securing the stabilizing clips such that the clips extend under the
fascia layer. Since the fascia is a relative strong tissue, by sccuring the stabilizing clips
underncath the fascia, the stabilizing structure cannot be pushed up in a dircction out of the
wound by the underlying viscera. As described above, any number of stabilizing ¢lips may
be used and they may exiend above and/or below various layers of tissue.

[8352] Although this disclosure describes certain embodiments, it will be
understood by those skilled in the art that many aspects of the methods and devices shown
and described 1n the present disclosure may be differently combined and/or modified to form
still further embodiments or acceptable examples. All such modifications and variations are
intended to be inchided herein within the scope of this disclosure. Indeed, a wide variety of
designs and approaches are possible and are within the scope of this disclosure. No feature,
structure, or step disclosed hercin is essential or indispensible. Morcover, while illustrative
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embodiments have been described herein, the scope of any and all embodiments having
equivalent elements, modifications, omissions, combinations {e.g., of aspects across various
embodiments), substitutions, adaptations and/or alterations as would be appreciated by those
in the art based on the present disclosure. While certain embodiments have been described,
these embodiments have been presented by way of example ounly, and are not intended to
it the scope of protection.

83583} Features, materials, characteristics, or groups described in conjunction
with a particular aspect, embodiment, or example are to be understood to be applicable to
any other aspect, embodiment or example described in this section or elsewhere in this
specification unless incompatible therewith. Al of the features disclosed in this specification
{inciuding any accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so diselosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The protection is
not restricted to the details of any foregoing cmbodiments. The protection extends to any
novel one, or any novel combination, of the features disclosed in this specification (including
any accompanying claims, abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so disclosed.

133541 Furthermore, certain features that are described in this disclosure in the
context of separate implementations can also be implemented tn combination in a single
implementation. Conversely, various featurcs that are described in the context of a single
impicmentation can also be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
gertain combinations, one or more features from a claimed combination can, in some cases,
be excised from the combination, and the combination may be claimed as a subcombination
or variation of a subcombination.

[O385] Morecover, while operations may be depicted in the drawings or described
in the specification in a particular order, such operations nced not be performed in the
particular order shown or in sequential order, or that all operations be performed, to achicve
desirable results. Other operations that are not depicted or described can be incorporated in
the example methods and processes, For example, one or more additional operations can be
performed before, after, simuitancously, or between any of the described operations. Further,
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the operations may be rearranged or reordered in other implementations. Those skilled in the
art will appreciate that in some embodiments, the actual steps taken in the processes
ithustrated and/or disclosed may differ from those shown in the figures. Depending on the
embodiment, certain of the steps described above may be removed, others may be added.
Furthermore, the features and attributes of the specific embodiments disclosed above may be
combined in different ways to form additional embodiments, all of which fall within the
scope of the present disclosure.  Also, the separation of various system componcunts in the
impicmentations described above shouid not be understood as requiring such separation in all
implementations, and it should be understood that the deseribed components and systems can
generally be integrated together in a single product or packaged into multiple products.

[3356] For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein.  Not necessarily all such advantages may be achieved i
accordance with any particular embodiment. Thas, for example, those skilled in the art will
recognize that the disclosure may be embodied or carried out in a manner that achicves one
advantage or a group of advantages as taught herein without necessarily achieving other
advantages as may be tanght or suggested herein.

[6357] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
ntended to convey that certain embodiments include, while other embodiments do vot
include, certain features, clements, and/or sieps. Thus, such conditional language is not
generally intended to imply that features, elements, and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily inchude logic for
deciding, with or without user input or prompting, whether these features, elements, and/or
steps arc included or arc to be performed in any particular cmbodiment.

(83581 Conjunctive language such as the phrase “at least one of X, Y, and 7.7
undess specifically stated otherwise, is otherwise understood with the context as used in
general to convey that an item, torm, cic. may be cither X, Y, or Z. Thus, such conjunctive
language is not generally intended to imply that certain embodiments reguire the presence of
at least one of X, at least one of Y, and at least one of 7.

(83591 Language of degree used herein, such as the terms “approximately,”

“about,” “generally,” and “substantially” as used herecin represent a value, amount, or
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characteristic close to the stated value, amount, or characteristic that still performs a desired
function or achieves a desired result. For example, the terms “approximately”, “about”,
“generally,” and “substantially” may refer to an amount that is within less than 10% of,
within less than 5% of, within less than 1% of, within less than 0.1% of, and within less than
(0.01% of the stated amount. As another example, in certain embodiments, the terms
“generally parallel” and “substantially parallel” refer to a value, amount, or characteristic
that departs from exactly paralicl by less than or cqual to 15 degrees, 10 degrees, 5 degrees, 3
degrees, | degree, 0.1 degree, or otherwise.

(6360} The scope of the present disclosure 18 not intended to be limited by the
specific disclosures of preferred embodiments in this section or clsewhere in this
specification, and may be defined by claims as presented in this section or clsewhere in this
specification or as presented in the future. The language of the claims i3 to be interpreted
broadly based on the language croployed i the claims and not limited to the examples
described in the present specification or during the prosccution of the application, which

examples are to be construed as non-exclusive.
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WHAT IS CLAIMED IS:

I

comprising:

An apparatus for treating a wound with negative pressure wound therapy,

a stabilizing structure for insertion into or over a wound, the stabilizing

structure configured to collapse under negative pressure, the stabilizing structure

having a length extending along a central longitudinal axis of the stabilizing structure,

a width transverse to the length extending along a central transverse axis of the

stabilizing structure, and a thickness transverse to the length and the width, wherein

the length and width are greater than the thickness, and wherein the stabilizing

structore comprises:

a first side and a sccond side cxiending the length of the stabilizing
structure, and a third side and a fourth side cxtending the width of the
stabilizing structure, wherein the first side is opposite the second side and the
third side is opposite the fourth side, and wherein the first side and the second
side are curved or bent cutwardly relative to the central longitudinal axis to
provide an outer perimeter of the stabilizing structure with an at least partially
eltiptical shape;

a plurality of clongate strips cxtending the length of the stabilizing
structure from the third side to the fourth side, whercin the plurality of
clongate strips comprise outermost elongate strips defining the first and
second sides of the stabilizing structure and a plurality of inner clongate strips
positioncd between the outermost elongate strips;

a plurality of intervening members connecting the clongate strips,
wherein the phurality of intervening members are configured to pivot relative
to the strips to allow the plurality of clongate strips to collapse relative to one
another; and

a plurality of cells provided side-by-side in a horizontal plane parallel
to the length and width of the stabilizing structure, each cell defined by a
plurality of walls extending in a vertical direction perpendicular to the

horizontal planc and formed by cither the clongate strips or the intervening
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members, cach cell having a top end and a bottom end with an opening
extending through the top and bottorn ends;
whercin the stabilizing structure is configured to collapse more in the
horizontal plane than in the vertical direction by collapsing the plurality of
cells.
2. The apparatus of Claim |, wherein the length of the stabilizing structure 1s
greater than the width of the stabilizing structure.

3. The apparatus of Claim 1 or Claim 2, wherein the third and fourth sides form
a zig-zag shape defined by intervening members between adjacent clongate strips.

4. The apparatus of any one of Claims 1-3, wherein the stabilizing structore 1s
symunctrical about the central longitudinal axis.

5. The apparatus of any one of Claims 1-4, wherein the stabilizing struciure is
symmetrical about the central fransverse axis,

6. The apparatus of any onc of Claims 1-5, comprising a straight, central inner
clongate strip provided along the central longitudinal axis of the stabilizing structure.

7. The apparatus of any one of Claims 1-6, comprising a plurality of straight
inner clongate strips.

5. The apparatus of any onc of Claims 1-7, comprising inner clongatc strips
provided on opposite sides of the longitudinal axis that are curved or bent outwardly relative
to the longitudinal axis,

9. The apparatus of any one of Claums 1-8, wherein each of the clongate strips is
arranged in semi-parallel

1G. The apparatus of any one of Claims 1-9, wherein at least some of the cclls are
diamond-shaped.

i1, The apparatus of Claim 1, wherein at least some of the diamond-shaped cells
are subdivided from larger diamond-shaped celis.

12. The apparatus of any one of Claims 1-11, wherein at least some of the cells
are parallelpiped-shaped.

£3. The apparatus of any onc of Claims 1-12, wherein the stabilizing structurc
comprises a plurality of cells having four sides, wherein the dimensions of cach of the cells

having four sides 13 defined by the formula a + b= ¢+ d, wherein a, b, ¢ and d are the lengths
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of individual sides of the cell, and wherein lengths a and ¢ are provided on adjacent clongate
strips defining the cell and lengths b and d are provided on adjacent intervening members
defining the cell.

i4. The apparatus of any onc of Claims 1-13, wherein the lengths of the cells
along an clongate strip are progressively longer toward the central transverse axis,

15, The apparatus of any one of Claims 1-14, wherein a lower portion of the
stabilizing structure is concave.

16. The apparatus of any onc of Claims 1-15, wherein an upper portion of the

stabilizing structure is convex.

i7. The apparatus of any one of Claims 1-16, wherein the stabilizing structure 1s
tearable.
IR, The apparatus of claim 17, wherein the stabilizing structure further comprises

weakened sections, the weakened sections configured to be tom.
19,  An apparatus for treating a wound with negative pressure wound therapy,
comprising:

a stabilizing structure for insertion into or over a wound, the stabilizing
structure configured to collapse under negative pressure;

wherein the stabilizing structure has a concave surface along at least a lower
portion of the stabilizing structure.

20. The apparatus of Claim 19, wherein the stabilizing structure comprises:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, cach cell having a top cnd and a botiom end with an opening extending through
the top and bottom ends;

wherein the stabilizing structure is configured to collapse by collapsing one or
more cells,

21, The apparatus of any one of Claims 19-20, wherein the stabilizing structure

has an outer perimeter that defines an at least partially elliptical shape.

22, An apparatus for treating a wound with negative pressure wound therapy,
CoOmprising:



WO 2015/061352 PCT/US2014/061627

a stabilizing structure for insertion into or over a wound, the stabilizing
structure configured to collapse under negative pressure, wherein the stabilizing
stricture compriscs:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, each cell having a top end and a bottom end with an opening extending through
the top and bottom ends;

wherein the stabilizing structure is configured to coliapse by collapsing onc or
more cells;

wherein the stabilizing structure has an outer perimeter defining an at least
partially cHiptical shape.

23. The apparatus of any onc of Claims 19-22, wherein the stabilizing structure
COmprises:

a plurality of elongate strips; and

a plurality of intervening members connecting the clongate strips, wherein the
pharality of intervening members are configured to pivot relative to the sirips to allow
the plurality of elongate strips to collapse refative to one another,

24. The apparatus of Claim 23, wherein the stabilizing structure comprises one or
more rows of cells between adjacent strips configured to collapsce in a first direction, and onc
or more rows of cells between adjacent strips configured to collapse in a second direction
opposite the first direction,

25. The apparatus of any one of Claims 23-24, wherein at least some of the
clongate strips arc paraliel to cach other.

26. The apparatus of any one of Claims 23-25, wherein at [cast some of the
elongate strips are curved along their lengths.

27. The apparatus of any one of Claims 23-26, wherein at least some of the
clongate strips arc curved along their lengths outward away from a center of the stabilizing
structure.

~
/
;

28. The apparatus of any one of Claims 23-27, wherein at least some of the

clongate strips arc connected at their ends.
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29, The apparatus of any one of Claims 23-28, wherein at least some of the
clongate strips have regions of increased flexibility to allow for lengthening or shortening of
the clongate strips.

30. The apparatus of any one of Claims 19-29, wherein a lower portion of the
stabilizing structire is concave in a first horizontal direction and a second horizontal
direction perpendicular to the first horizontal direction.

3 The apparatus of any onc of Claims 19-30, wherein an upper portion of the
stabilizing structure is convex along at least an upper portion of the stabilizing structure.

32 The apparatus of any one of Claims 19-31, wherein an apper portion of the
stabilizing structure is convex in a first horizontal direction and a second horizontal direction
perpendicular to the first horizontal direction.

33. The apparatus of any one of Claims 19-32, wherein the stabilizing structore is
pre~-formed to have either or both of a concave lower surface and a convex upper surface.

34 The apparatus of any onc of Claims 19-33, wherein the stabilizing structure
has an outer perimeter defining a bi-cliiptical shape.

35. The apparatus of any one of Claims 19-34, wherein the stabilizing structure is
configured to be placed nio an abdominal woond and conform fo the shape of internal
organs,

36. The apparatus of any one of Claims 19-35, further comprising onc or more
wound covers configured to be placed over the stabilizing structure to maintain negative
pressure over the wound.

37. The apparatus of any one of Claims 19-36, further comprising a negative
pressure port configured to deliver negative pressure to the stabilizing structure to cause the
stabilizing structure to collapse.

3R. The apparatus of any one of Claims 19-37, further comprising a negative
pressure source configured to deliver negative pressure to the stabilizing structure to causc
the stabilizing structure to coliapse.

39, An apparatus for treating a wound, comprising:

a wound filler comprising an initial clliptical shape having a first curved side

and a second curved side opposite the first curved side; and
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a first pharality of designated pre~-cut lings formed in the wound filler, wherein
cach of said pre-cut Hnes intersects the second curved side of the wound filler and has
a curvature following that of the first curved side such that removal of a portion of the
wound filler along one of the designated pre-cut lines provides a remaining wound

filler having a smalier elliptical shape than the intial elliptical shape.

40. The apparatus of Claim 39, wherein the wound filler comprises a porous
material.
41. The apparatus of any one of Claims 39-40, wherein the wound filler

comprises a stabilizing structure.

42, The apparatas of any one of Claims 39-41, further comprising a second
plurality of designated pre-cut Hnes that intersect with the first plurality of designated pre-cut
{ines, the first curved side and the second curved side.

43. The apparatus of any owne of Claims 39-42, further comprising anchors
provided on the second curved side.

44, A wound closure device, comprising:

a stabilizing structure for insertion into a wound, the stabilizing structure
having a length, a width transverse to the length and a thickness transverse to the
length and the width, wherein the length and width arc greater than the thickness, and
wherein the stabilizing structure comprises an outer perimeter comprising at feast one
outer wall, and wherein the stabilizing structure is configured to collapse more in a
horizontal plane parallel to the length and width of the stabilizing structure than in a
vertical plane perpendicular to the horizontal plane; and

at lcast one stabilizing clip attachable to the outer wall of the stabilizing
structure, the stabilizing clip configured to extend outward into the surrounding tissue
and prevent the stabilizing structure from hifting vpwards in a direction out of the
wound.

45, The wound closure device of Claim 44, wherein the stabilizing structure
comprises a plurality of cells provided side-by-side, cach cell defined by one or more walls,
cach ccll having a top ond and a botiom cnd with an opening extending through the top and
bottom ends, and wherein the stabilizing structure is configured to collapse by collapsing one

or more cells.,
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46, The wound closure device of Claim 45, wherein junctions between the walls
of the stabilizing structare are thinned and configured to rotate.

47 The wound closure device of any one of Claims 44-46, wherein the stabilizing
structure comprises:

a plurality of clongate strips; and

a plurality of intervening members connecting the elongate strips, wherein the
phurality of intervening members are configured to pivot relative to the strips to allow
the plarality of clongate strips to colapse relative to one another.

48, The wound closure device of any one of Claims 44-47, wherein the stabilizing
structure has a first side and a second side extending along the length of the stabilizing
structure, and a third side and a fourth side extending along the width of the stabilizing
structure, wherein the first side is opposite the second side and the third side is opposite the
fourth side.

49, The wound closure device of Claim 48, wherein the first and sccond sides
define flat surfaces that are paralicl to cach other.

50. The wound closure device of Claim 48, wherein the first and second sides
define a curved shape.

51, The wound closure device of any ong of Claims 48-50, wherein the third and
fourth sides comprise a zig-zag shape.

52, The wound closure device of any one of Claims 44-51, wherein the at least
one stabilizing clip 18 rigid.

53, The wound closurce device of any one of Claims 44-52, comprising a plurality
of stabilizing clips.

54, The wound closure device of any one of Claims 44-53, wherein the stabilizing
clip comprises an attachment portion configured to clip to a wall of the stabilizing structure
and a sccuring portion that cxtends outward from the attachment portion in a horizontal
direction.

55, The wound closure device of Claim 54, wherein the securing portion extends
from a lower end of the attachment portion.

56. The wound closure deviee of Claim 54, wherein the securing portion extends

from a upper ¢nd of the attachment portion.
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57.  The wound closure device of Claim 54, wherein the stabilizing clip comprises
a first securing portion extending outward from an upper end of the attachment portion and a
second sccuring portion extending cutward from a lower end of the attachment portion.

58, The wound closure device of any one of Claims 44-57, comprising at lcast
one stabilizing clip attached to the outer wall of the stabilizing structure.

59,  The wound closure device of Claim 54, wherein the stabilizing clip comprises
a rocess where the scouring portion extends from the attachment portion.

60. The wound closure device of Claim 54, wherein the attachment portion is
configured to loop over the outer wall of the stabilizing structure, wherein the attachment
portion comprises a foot at an end of the loop of the attachment portion.

61, The wound closure device of Claim 54, whercin the securing portion
comprises grippers configured to extend into the sirrounding tissue.

62. A method of treating a wound, comprising:

providing a stabilizing structure, the stabilizing structure defining an initial
outer perimeter;

sizing the stabilizing structire to a desired dimension, wherein afier sizing the
stabilizing structure has a final outer perimcter;

attaching a stabilizing chip to the outside of the stabilizing structure, the
stabilizing clip comprising a sccuring portion extending horizontally outward from
the stabilizing stracture; and

inserting the stabilizing structure into the wound, wherein after insertion the
securing portion of the stabilizing clip cngages tissue to prevent the stabilizing
structure from lifting upwards in a direction out of the wound.

63. The method of claim 62, further comprising:

covering the stabilizing structure with at least one drape sealed to skin
surrounding the wound; and

applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the
stabilizing structure to horizontally collapse.

64. The method of any one of Claims 62-63, further comprising inserting a tissue

protection layer over the wound before inserting the stabilizing stracture.
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635, The method of any one of Claims 62-64, wherein the securing portion of the
stabilizing clip extends below tissue surrounding the stabilizing structure.

66, The method of any onc of Claims 62-65, wherein the securing portion of the
stabilizing clip comprises at least one gripper configured to extend into tissue surrounding
the stabilizing structure,

67. The roethod of any one of Claims 62-66, whercin the stabilizing clip 1s
attached to the stabilizing structure with an attachment portion that loops over the outside of
the stabilizing structure, the attachment portion comprising a foot at an end of the loop of the
attachment portion.

68. The method of any one of Claims 62-67, wherein the stabilizing clip
comprises a recess where the scouring portion extends horizontally from the stabilizing clip.

69.  The method of any one of Claims 62-68, comprising attaching a phurality of
stabilizing clips to the outside of the stabilizing stracture.

70. A wound closure device, comprising:

a stabilizing structure;

a porous layer configured to at least partially surround a perimeter of the
stabilizing structure; and

an anchoring layer comprising anchors configured to at least partially
surround the layer of porous material when the layer of porous material at least
partially surrounds the stabilizing structure, wherein the anchors are configured to
attach to fissues within the wound,

71, The wound closure deviee of Claim 70, whercin the anchors comprise any
type of anchor substantially described herein this application.

72. The wound closure device of any one of Claims 70-71, further comprising
layers of foam above and below the stabilizing structure.

73. The wound closure device of any one of Claim 70-72, whercin the anchors
comprise at least two different types of anchors as described herein this application.

74. The wound closure device of any one of Claims 70-73, wherein the anchoring
layer comprises a plurality of bands comprising different types of anchors as described

herein this application.
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75.  The wound closure device of any one of Claims 70-74, wherein the anchoring
layer comprises a first band of a first type of anchors configured to be positioned above a
second band of a second tvpe of anchors.

76. The wound closure device of Claim 74 or 75, whercin ¢ach band comprises

between 1 and 30 individual rows of anchors.

~3

-
I

The wound closure device of any one of Claims 70-76, wherein the anchoring
layer comprises a plurality of alternating bands of different types of anchors as substantially
deseribed herein this specification.

7%, The wound closwe device of any one of Claims 70-77, wherein the anchors
are biodegradable.

79.  The wound closure device of claim 78, whercin the anchors comprise any of
the biodegradable materials substantially described herein this specification.

0. The wound closure device of any one of Claims 70-79, wherein the anchors
arc configured to penetrate any of the tissuc types as substantially described hercin this
specification,

al. A method of closing a wound, comprising:

shaping a first layer of foam into the shape of the wound;
placing the first layer of foam in the wound;
shaping a stabilizing structure into the shape of the wound;
attaching a ribbon of foam to the perimeter of the stabilizing structure to at
teast partially surround the perimeter of the stabilizing structure;
attaching an anchoring layer comprising anchors to the foam ribbon;
placing the stabilizing structure with the ribbon of foam and the anchoring
fayer into the wound, wherein placing the stabilizing structure comprises first
horizontally compressing the stabilizing structure and allowing the stabilizing
structure to cxpand once within the wound to cause the anchors to engage tissuc;
covering the stabilizing structure with a second layer of foam;
covering the stabilizing structure with at least one drape sealed to skin

surrcunding the wound; and
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applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the
stabilizing structure to horizontally collapse with the anchors engaging tissue.

82. A wound closure device, comprising:

a stabilizing structure for insertion into a wound, the stabilizing structure
having a length, a width transverse to the length and a thickness transverse to the
length and the width, wherein the length and width arc greater than the thickness, and
wherein the stabilizing structure comprises an outer perimeter comprising at feast one
outer wall;

a first porous laver pre-attached to only part of the outer perimeter of the
stabilizing structure; and

a second porous layer separate from the first porous layer configured to be
attached to a remaining outer perimeter of the stabilizing structure after the stabilizing
striucturc has been appropriately sized.

83. A wound closure device of Claim &2, wherein the stabilizing structure has a
first side and a side second extending along the length of the stabilizing structare, and a third
side and a fourth side extending along the width of the stabilizing structure, wherein the first
side is opposite the sccond side and the third side is opposite the fourth side.

84. The wound closure device of Claim 83, wherein the first porous layer is pre-
attached ounly to the first side and the third side.

55. The wound closure device of any one of Claims 82-84, further coroprising a
plurality of anchors attached to at least a portion of the porous layer pre-attached to only part
of the outer perimeter of the stabilizing structure.

86. The wound closure device of Claim 84, further comprising a plurality of
anchors attached only to a portion of the first porous layer pre-attached to the first side.

87.  The wound closure device of any onc of Claims &2-86, further comprising a
plurality of anchors attached to at least a portion of the second porous layer.

8R. The wound closure device of any one of Claims 82-87, wherein the stabilizing
structure comprises opposing sides that define flat surfaces that are paraliel to cach other,

wherein the first porous layer is pre-attached to one of the parallel opposing sides.
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89. The wound closure device of any one of Claims 82-88, wherein the stabilizing
structure comprises opposing sides having a straight, curved or zig-zag shape, wherein the
first porous laycer is pre-attached to one of the opposing sides having the straight, curved or
zig-zag shape.

90.  The wound closure device of any one of Claims 82-89, wherein the stabilizing
structure has a constant thickness defined between upper and lower surfaces of the stabilizing
structure.

91. The wound closure device of any one of Claims 82-90, wherein the stabilizing
structure comprises:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, cach cell having a top cnd and a botiom end with an opening extending through
the top and bottom ends;

wherein the stabilizing stracture 1s configured to collapse by collapsing one or
morc cclls.

92, The wound closure device of any onc of Claims 82-91, wherein the stabilizing
structure comprises:

a plurality of clongate strips; and

a plurality of intcrvening members connecting the clongate strips, wherein the
pharality of intervening members are configured to pivot relative to the strips to allow
the plurality of clongate strips to collapse relative to one another.

93. The wound closure device of Claimn 92, wherein the stabilizing structure
comprises one or more rows of ceils between adjacent strips configured to collapse in a first
direction, and onc or more rows of cells between adjacent strips configured to collapse in a
second direction opposite the first direction.

34, The wound closure device of any one of Claims 82-93, further comprising a
porous layer attached to a lower surface of the stabilizing structure.

5. The wound closure device of any one of Claims 82-94, further comprising a
porous layer attached to an upper surface of the stabilizing structure.

96. The wound closure device of Claim 94 or 95, wherein the porous laver(s)
attached to the fower and/or upper surface of the stabilizing structure compriscs protrusions

configured to extend into openings in the stabilizing structure.
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97, The wound closare device of any one of Claims 82-96, wherein the length s
greater than the width.
98. A method of treating a wound, comprising:
providing a stabilizing structure, the stabilizing stracture defining an initial
outer perimeter and having a first porous layer attached to only a portion of the nitial
outer perimeter;
sizing the stabilizing structure to a desired dimension, wherein after sizing the
stabilizing structure has a final outer perimeter that includes the portion of the initial
outer perimeter having the first porous layer attached thereto, and an exposed portion
where the first porous layer is not attached; and
attaching a sccond porous layer to the cxposed portion of the final outer
perimeter;
inserting the stabilizing structure into the wound.
99 The method of Claim 98, wherein first porous layer comprises a plurality of
anchors.
100, The method of any one of Claims 98-99, wherein the second porous layer
comprises a plurality of anchors.
101, The method of any once of Claims 98-100, further comprising:
covering the stabilizing structure with at icast one drape secaled to skin
surrounding the wound; and
applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure causes the
stabilizing structure to horizontally collapse.
102, The method of any one of Claims 98-101, wherein the stabilizing structure has
a porous layer attached to one or both of an upper and lower surface thereof,
103, The method of any one of Claims 98-102, further comprising inserting a tissue
protection layer over the wound before inserting the stabilizing structure.
104, A wound closure device, comprising:
a stabilizing structurc for insertion into a wound; and
a porous layer configured to be attached to at lcast a portion of an outer

perimeter of the stabilizing structure, wherein the porous layer comprises a tower lip

114~
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portion configured to extend outwardly from the stabilizing structure beneath tissue
surrounding the wouond and an upper lip portion configured to extend outwardly from
the stabilizing structure over tissue surrounding the wound.
105, The wound closure device of Claim 134, wherein at icast the lower Hp portion
and the upper lip portion comprise adhesive.
106,  The wound closure device of any one of Claims 104-105, wherein the porous
layer comprises g plurality of anchors configured to engage tissuc surrounding the wound.
137, The wound closure device of any onc of Claims 104-106, whercin at least
some of the plurality of anchors are provided on the lower lip portion and the upper lip
portion.
108, The wound closure device of any one of Claims 104-107, wherein the lower
fip is configured to extend beneath fascia,
(0%, The wound closure device of any one of Claims [04-108, wherein the upper
lip is configured to cxiend over the dermuis.
110, A method of treating a wound, comprising:
positioning the stabilizing structure of any one of Claims 104-109 into a
wound with the lower lip extending outwardly from the stabilizing structure beneath
tissuc surrounding the wound and the upper Hp extending outwardly from the
stabilizing structure over tissue surrounding the wound.
11, The method of Claim 110, forther comprising:
covering the stabilizing strocture with at lcast one drape sealed to skin
surrounding the wound; and
applying negative pressure through the at least one drape to the wound via a
source of negative pressure, wherein the application of negative pressure ¢auses the
stabilizing structure to horizontally collapse.
£12.  The method of any one of Claims 110-111, wherein the stabilizing structure
has a porous layer attached to one or both of an upper and lower surface thereof.
113, The method of any one of Claims 110-112, further comprising inserting a
tissue protection layer over the wound before inserting the stabilizing structurce.
114, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure; and
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a mechanism configured to maintain the stabilizing stracture in a collapsed
configuration after negative pressure has been removed,

115, The device of claim 114, wherein the stabilizing structure comprises:

a plurality of cells provided side-by-side, cach cell defined by one or more
walls, each cell having a top end and a bottom end with an opening extending through
the top and bottom ends; and

wherein the stabilizing structure is configured to collapse by collapsing onc or
more cells.
t16.  The device of claim 114, wherein the stabilizing structure comprises:

a plurality of elongate strips; and

a plurality of intervening members connecting the clongate strips, wherein the
pharality of intervening memwbers are configured to pivot relative to the strips to allow
the plurality of elongate strips to collapse relative to one another,

117, The device of claim 116, wherein the mechanism comprises onc or more
latching members attached to one or more of the strips of the stabilizing structure, the
latching members configured to fatch onto an adjacent strip when the stabilizing structure
rooves to a collapsed position.

P18, The device of claim 117, wherein the one or morce latching members comprisc
a latching clement that latches to said adjacent strip.

118, The device of claim 118, wherein the latching element comprises multiple
tecth, cach of the tecth configured to latch onto sard adjacent strip when the stabilizing
structure is in a different collapsed or compressed position.

1206, The device of claim 11¥, wherein the latching clement is disposed at an
intermediate position along an ¢longate member of the latching member, the latching element
configured to pass through an opening in said adjacent strip to latch the latching member to
said adjacent strip.

121, The device of claim 117, further comprising a release mechanism comprising
an arch porfion interconnecting adjacent latching members, the arch portion configured to
receive a foree thereon to lift the latching members from engagement with said adjacent strip

of the stabilizing structure.
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122, The device of claim 116, wherein the mechanism comprises one or more first
latching members attached to one or more of the strips of the stabilizing structure and one or
more sccond latching members attached to one or more of the intervening members of the
stabilizing structure, the first latching members configured to contact the sccond latching
mewbers when the stabilizing structare moves to the collapsed configuration.

123, The device of claim 122, wherein the first latching members extend at a von-
perpendicular angle relative to their corresponding strips and wherein the sccond latching
members cxtend at a non-perpendicular angle relative to their corresponding intervening
members.

124, A wouond closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under ncgative pressure, the
stabilizing structure comprising:
a plorality of elongate strips; and
a plurality of intervening members connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative
to the strips to allow the plorality of elongate strips to collapse relative to one
another; and
a mechanism configured to maintain the stabilizing structure in a collapsed
configuration after negative pressure has been removed, the mechanism comprising
one or more latching members attached to one or more of the strips of the stabilizing
structure, the latching members configured to latch onto an adjacent strip when the
stabilizing structurc moves to a collapsed configuration.

£25.  The device of claim 124, wherein the one or more latching members comprise
a latching element that Jatches to said adjacent strip.

26.  The device of claim 125, wherein the latching element comprises multiple
tecth, cach of the tecth configured to latch onto said adjacent strip when the stabilizing
structure s in a different collapsed or compressed position.

127, The device of claim 125, wherein the latching element 15 disposed at an
intermediate position along an clongate momber of the latching momber, the latching clement
configured to pass through an opening in said adjacent strip to latch the latching member to

said adjacent strip.
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[28. The device of claim 124, further comprising a release mechanism comprising
an arch portion interconnecting adjacent latching members, the arch portion configured to
receive a force thereon to ift the latching members from engagement with said adjacent sirip
of the stabilizing structure.

128, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure, the
stabilizing structure comprising:
a plurality of clongate strips; and
a pluorality of intervening members connecting the clongate strips,
wherein the plurality of intervening members are configured to pivot relative
to the strips to allow the plurality of elongate strips to collapse relative to one
another; and
a mechanisio configured to maintain the stabilizing structure in a collapsed
configuration after negative pressure has been removed, the mechanism comprising
onc or more first latching members attached to one or more of the strips of the
stabilizing structure and one or more second latching members attached to one or
more of the intervening members of the stabilizing structure, the fivst latching
members configured to contact the sccond latching members when the stabilizing
structure moves to the collapsed configuration.

130, The device of claim 129, wherein the first latching members extend at a non-
perpendicular angle relative to their corresponding strips and wherein the second latching
members cxtend at a non-perpendicular angle relative to their corresponding intervening
members.

131, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure; and
a support structure attached to the stabilizing structure, the support structure

configured to at least partially prevent the collapse of the stabilizing structure.

et
[}

2. The device of Claimn 131, wherein the support structure is sized to prevent the

collapse of the entire stabilizing structure.
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£33, The device of Claim 131, wherein the support stracture is sized to prevent the
collapse of a portion of the stabilizing structure, while another portion of the stabilizing
structure collapses when under negative pressure.

134, The device of Claim 131, wherein the support structure comprises:

a plurality of support elements attachable to cach other and configured to
extend along a plane adjacent a top or bottom end of the stabilizing structure when
attached thereto; and

a pharality of inserts configured to oxtend into the stabilizing structure and
bear against one or more surfaces of the stabilizing structure to at least partially
prevent the collapse of the stabilizing structure.

135, The device of Claim 134, wherein cach of the support clements comprises one
or more frangible joint portions configured to allow a size of the support clement to the
adjusted.

136, The device of Claim 131, wherein the support structure comprises:

a pharality of support clements configured to extend along a planc adjacent a

top or bottom end of the stabilizing structure when attached thercto, cach of

the support elements having a plurality of inserts configured to extend into the
stabilizing structure and bear against one or more surfaces of the stabilizing
structure to at least partially prevent the collapse of the stabilizing structure,
wherein the pharality of inserts are expandable via introduction of a fhnd into
the support structore.

137,  The device of Claim 136, wherein cach of the support clements comprises one
or more seals configured to fluidly isolate a portion of the support structure from another
portion of the support structure to allow adjustment in a size of the support structure.

[38 A wound closare device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure; and

a support structire attached to the stabilizing structure, the support structure
Comprising:

a plurality of substantially rigid support clemcents attachable to cach
other and configured to extend along a plane adjacent a top or bottom end of

the stabilizing structure when attached thereto, and
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a plurality of inserts configured to extend into the stabilizing structure

and bear against one or more surfaces of the stabilizing structure,
wherein the support structure is configured to at lcast partially prevent the
collapse of the stabilizing structure.

139, The device of claim 138, wherein cach of the support elements comprises one
or more frangible joint portions configured to allow a size of the support element to the
adjusted.

140, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure; and

a support structure attached to the stabilizing structure, the support stracture
comprising:

a plurality of support elements configured to extend along a plane
adjacent a top or bottom end of the stabilizing structure when attached thereto,
cach of the support clemcents having a plurality of inscrts configured to extend
into the stabilizing structure and bear against one or more surfaces of the
stabilizing stracture, the phurality of inserts being expandable via introduction
of a {luid into the support structure,

wherein the support structure is configured to at lcast partially prevent
the collapse of the stabilizing structure,

t41.  The device of claim 140, wherein each of the support elements comprises one
or more scals configured to fluidly isolate a portion of the support stracture from another
portion of the support stracture to allow adjustment in a size of the support structure,

142, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structure coroprises a plurality of cells defining a plorality of internal
surfaces; and

a porous layer, channels or grooves attached to at least some of the internal
surfaces, such that removal of a portion of the stabilizing structure to size it for
placement into a wound results in the structure having an outer perimeter including at

feast a portion thereot covered with the porous layer, channels or grooves.
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143, The device of Claim 142, wherein the stabilizing struchire comprises a
plurality of cells provided side-by-side, cach cell defined by one or more vertical walls, cach
cell having a top end and a bottom cnd with an opening extending through the top and
bottom ends, and whercin the porous layer, channcls or grooves are attached to at least one or
more of the vertical walls,

144, The device of any one of Claims 142-143, whercin a foam layer 15 attached to
at least some of the internal surfaces.

145, The device of any onc of (laim 142-143, wherein an clastomer layer is
attached to at least some of the internal surfaces.

[46.  The device of any one of Claims 142-145, further comprising a porous layer,
channels or grooves attached to at least a portion of an outer perimeter of the stabilizing
siructure.

147, A method of treating a wound, comprising:

providing a stabilizing structure, the stabilizing structure defining an initial
outer perimeter and having internal surfaces at least partially covered by a porous
tayer, channels or grooves; and

sizing the stabilizing structore to a desired dimension, wherein after sizing the
stabilizing structure has a final outer perimeter that includes the internal surfaces
covered by the porous layer, channels or grooves.

F48. A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structure compriscs a plurality of cells defining a plurality of internal
surfaces; and

a porous layer, channels or grooves attached to or within at least a portion of
some of the internal surfaces, such that removal of a portion of the stabilizing
structure to size it for placement into a wound resubts in the structure having cither:

an outer perimeter including at least a portion thereof covered with the
porous layer, channels or grooves;
one or more internal surfaces of the cells inchuding at least a portion

thereof covered with the porous layer, channels or grooves; or
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both the one or more internal surfaces of the cells and outer perimeter
including at least a portion thercof covered with the porous layer, channels or

ZrO0Ves.

149, The device of Claim 148, wherein the stabilizing structure comprises a
plurality of cells provided side-by-side, each cell defined by one or more vertical walls, cach
cell having a top end and a bottom end with an opening extending through the top and
bottom ends, and whercin the porous layer, channels or grooves are attached to at lcast onc or
more of the vertical walls,

150,  The device of any one of Claims 148-149, wherein a foam layer is attached 1o
at least some of the 1nternal surfaces.

151, The device of any one of Claims 148-150, wherein a wicking or acquisition
distribution layer {ADL) is attached to at least some of the internal surfaces.

[52, The device of any one of Claim 14K8-151, wherein an clastomer layer is
attached to at lcast some of the internal surfaces.

153,  The device of any onc of Claims 148-152, further comprising a porous layer,
channels or grooves attached to at least a portion of an outer perimeter of the stabilizing
sirycture.

154, A wound closure device for negative pressure wound therapy, comprising:

a stabilizing structure configured to collapse under negative pressure, wherein
the stabilizing structire comprises a plarality of cells, each of the cells defined by one
or more vertical walls with a medial surface and a lateral surface; and

a porous layer, channels or grooves disposed on at lcast a portion of the
medial surface, such that removal of a portion of the stabilizing structure to size it for
placement into a wound results in the structure still retaining one or more medial
surfaces with said porous layver, channels or grooves in the resized stabilizing
structure.

155, The wound closure device of claim 154, wherein the porous layer, channels or
grooves are disposed on at least a portion of the medial sorface such that the porous layer,
channels or grooves do not restrict movement of the cclls toward a collapsed position when

the stabilizing structure collapses under negative pressure.
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156, The wound closure device of claimy 154, wherein the one or more veriical
walls comprise a hydrophilic material.

157, The wound closure device of any one of claims 154-156, further comprising
one or more anchors disposed on at least a portion of the lateral surface, such that removal of
the portion of the stabilizing structure to size it for placement into a wound results in the
structure still retaining one or more lateral surfaces with said one or more anchors in the
resized stabilizing structure.

158, A method of treating a wound, comprising:

providing a stabilizing structure, the stabilizing structure defining an initial
outer perimeter and comprising a plurality of cells having medial and lateral internal
surfaces, wherein at least some of the intcrnal surfaces arc at least partially covered
by a porous layer, channels or grooves; and

sizing the stabilizing structure to a desired dimension, wherein after sizing the
stabilizing structure includes cells having internal surfaces covercd by the porous
layer, channels or grooves.

1539, A porous pad for the treatment of wounds using negative pressure,
comprising;

a porous material suitable for channeling wound exudate from a wound site
and negative pressure to the wound site;

a phuwrality of stabilizing struchures at least partially embedded within the
porous material comprising a plurality of cells provided side-by-side in a plane,
wherein the stabilizing structures are configured to collapsc more within the plane
than along the dircction perpendicular to the plane; and

wherein the pad is dimensioned to have a generally planar shape with a
thickness less than the width and length, wherein the pad comprises at feast one cut or
perforation cxtending through at least a portion of the thickness of the pad dividing
the pad into a plorality of regions at least of two of which contain a stabilizing
structure, wherein at least one of the regions is detachable, the cut or perforation
defining a pad section detachable from the pad to modify the size of the pad.

160, The porous pad of Claim 159, wherein the pad compriscs an open-celled,

foam.
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tel.  The porous pad of Claim 159, wherein the pad comprises a polyurcthane
foam.

162,  The porous pad of any onc of Claims 159-161, wherein the pad comprises at
least two arcuate cuts or perforations extending along the pad length, and at least two arcuate
cuts or perforations extending along the pad width,

163, The porous pad of any onc of Claims 159-162, wherein the pad comprises a
plurality of outer cuts or perforations having an elliptical shape and a plurality of inner cuts
or perforations having a similar ¢lliptical shape.

te4.  The porous pad of Claim 163, further comprising a plorality of intermediate
cuts or perforations between the outer cuts and the inner cuts or perforations, at least some of
the intermediate cuts or perforations cxtending gencrally lengthwise across the pad and at
least some of the intermediate cuts or perforations extending generally widthwise across the
pad.

165, The porous pad of any onc of Claims 159-161, wherein the pad comprises a
plurality of concentric cuts or perforations.

166,  The porous pad of any one of Claims 159-161, wherein the pad comprises a
three-dimensional structure having a plurality of cuts or perforations in the x, v and =z
dimensions.

167, The porous pad of Claim 166, wherein the pad comprising at least two
stabilizing structures spaced along the height of the pad.

[68. The porous pad of any one of Claims 159-167, wherein the stabilizing
structures are constructed from a material selected from the group consisting of silicone,
polyurcthanes, flexible plastics, rigid plastics, and foam.

169, The porous pad of any one of Claims 159-16&, wherein the cells of the one or
roore stabilizing structures comprise a plurality of sizes.

170.  The porous pad of any one of Claims 159-16&, wherein all of the cells of the
stabilizing structures are identical.

171, The porous pad of any one of Claims 159-169, wherein one or more of the
cells are differently shaped from other cclls.

172.  The porous pad of any onc of Claims 159-171, wherein the shape of each ccll

is selected from the group consisting of square, diamond, oblong, oval, and parallelepiped.

124~



WO 2015/061352 PCT/US2014/061627

173,  The porous pad of any one of Claims 159-172, wherein the one or more
stabilizing structures are configured to collapse in a plurality of directions,

174, The porous pad of any one of Claims 159-173, comprising at least one
stabilizing structure comprising a phurality of planar support structures connected by spring
clements,

175, The porous pad of any one of Claims 159-173, comprising at least one
stabilizing structure having cclis defined by one or more walls, cach cell having a top end
and a bottom end with an opening extending through the top and bottom ends in the direction
perpendicular to the plane.

£76. The porous pad of any one of Claims 159-173 and 175, comprising at least
onc stabilizing structurc comprising a plurality of clongate strips extending in a first
direction.

£77.  The porous pad of Claim 176, further comprising a plurality of intersecting
strips extending in a second direction perpendicular to the first dircction, wherein the
structure is collapsible in the first and second directions.

178, The porous pad of Claim 176, further comprising a pharality of intervening
members connecting the clongate strips, wherein the plurality of intervening members are
configured to pivot relative to the strips to allow the plurality of clongate strips to collapse
relative to one another,

179, The porous pad of any one of Claims 159-178, wherein the stabilizing
structures are completely encased by the porous material,

180, The porous pad of any onc of Claims 159-179, whercin the pad is swrrounded
by a flexible anchoring layer.

181, The porous pad of any one of Claims 159-180, wherein the plorality of
stabilizing structures are completely separated from cach other.

[82.  The porous pad of any one of Claims 159-180, wherein at least some of the
stabilizing structures are connected to each other across at least two regions of the pad,
wherein the stabilizing structures are separable from cach other.

183, A negative pressure wound treatment system, comprising:

a porous pad of any one of Claims 159-1K2;
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a drape sized and configured to be placed over the porous pad and to form a
substantially fhud-tight seal against a region of skin surrounding the wound; and
a port configured to conncct the drape to a source of negative pressure.

i84. The system of Claim [83, further comprising a source of negative pressure
configured to be in fhud communication with the wound.

[R5, A method of treating a wound, comprising;

providing a porous pad of any one of Claims 153-182;

removing portions of the porous pad to shape the pad into a desired shape;
placing the porous pad into a wound;

covering the porous pad with a wound cover or drape; and

applying negative pressure to the wound via a source of negative pressure.

186, A method of mamufacture of a porous pad, the method comprising the steps

oft

providing a body of a porous material comprising a stabilizing structure
configured to collapse substantially more in a first direction than a second direction;
and,

forming at least one partial pre-cut in a first orientation in said body, said at
least onc partial pre-cut severing regions of the body to leave detachable regions of
the body, the frangible regions allowing the portions to be selectively removed from
the body.

[87.  The method of Claim 186, wherein the at least one partial pre~-cut is formed by
dic cutting.

[8¥.  The method of Claim 187, wherein the die cutting involves providing a
plurality of blades in a suitable arrangement to provide the desired partial pre-cuts and
tearable regions.

[89.  An apparatus substantially as shown and/or described.

190. A method substantially as shown and/or described.
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