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opening through a surface of a tissue site are described. The system
includes a sealing member adapted to cover the opening to form a
sealed space and a negative-pressure source adapted to be fluidly
coupled to the sealed space to provide negative pressure to the
sealed space, The system also includes a contracting layer adapted to
be positioned adjacent the opening and formed from a material hav-
ing a firmness factor and a plurality of holes extending through the
contracting layer to form a void space. The holes have a perforation
shape factor and a strut angle causing the plurality of holes to col-
lapse in a direction substantially perpendicular to the opening. The
contracting layer generates a closing force substantially parallel to
the surface of the tissue site to close the opening in response to ap-
plication of the negative pressure.
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DRESSING WITH CONTRACTING LAYER FOR LINEAR TISSUE SITES

[0001] ]

TECHNICAL FIELD

[0002] The invention set forth in the appended claims relates generally to tissue
treatment systems and more particularly, but without limitation, to a dressing having a
contracting layer for assisting in closure of linear tissue sites.

BACKGROUND

[0003] Clinical studies and practice have shown that reducing pressure in proximity to
a tissue site can augment and accelerate growth of new tissue at the tissue site. The applications
of this phenomenon are numerous, but it has proven particularly advantageous for treating
wounds. Regardless of the etiology of a wound, whether trauma, surgery, or another cause,
proper care of the wound is important to the outcome. Treatment of wounds or other tissue
with reduced pressure may be commonly referred to as “negative-pressure therapy,” but is also

22 L

known by other names, including “negative-pressure wound therapy,” “reduced-pressure

22 ¢

therapy,” “vacuum therapy,” and “vacuum-assisted closure,” for example. Negative-pressure
therapy may provide a number of benefits, including migration of epithelial and subcutaneous
tissues, improved blood flow, and micro-deformation of tissue at a wound site. Together, these
benefits can increase development of granulation tissue and reduce healing times.

[0004] While the clinical benefits of negative-pressure therapy are widely known, the
cost and complexity of negative-pressure therapy can be a limiting factor in its application, and
the development and operation of negative-pressure systems, components, and processes

continues to present significant challenges to manufacturers, healthcare providers, and patients.
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BRIEY SUMMARY

{0005] New and wsefid systems, apparatescs, and methods for closing an opeming
through a surface of a tissue site are set forth in the appended claims. THustrative embodiments
are also provided to enable a person skilled in the art to make and use the claimed subject matter,
For example, a systemn for closing an opening through a surface of a tissue site is described. The
system may include a sealing member adapted o cover the opening o forn 2 sealed space and a
negative-prossure source adapted to be tluidly coupled to the sealed space to provide negative
presswre to the sealed space. The system san include a protective laver adapted to be positioned
adjacent o the opening. The system may also include a contracting layer adapied to be
positioned adiacent to the protective layer and formed from a material having a firmness factor
and a plurality of holes extending through the contracting layer to form a void space, The holes
may have a perforation shape factor and a strut angle causing the plurality of holes to collapse in
a direction substantially perpendicular {o the opening. The contracting layer may generate a
closing force substanually parallel to the surface of the tissue site to close the opening In
regponse to applcation of the negative pressure.

[6006] Alternatively, other example embodiments may inclode an apparatus for closing
an opening through a surface of a tissue site. The apparatus may include a contracting layer
adapted to be positioned adjacent the opening and formed from a material having a firmmess
factor and a plurality of holes extending through the contracting laver 1o form a void space. The
holes may have a perforation shape factor and 3 strat angle causing the plurality of holes o
collapse in a direchion substantially perpendicular to the opening. The contracting layer may
generate a closing foree substandially paraliel to the surface of the tissue site to close the opening
in response to application of a negative prossure.

[0807] A wethod for closing an opening throwgh s surface of a tissue site is also
described. The method may include positioning a confracting layer adiacent to and covering the
tissue site. The contracting layer may be adapted to be positioned adjacent the opening and
formed from a material having a firmness factor and a plorality of holes extending through the
contracting layer to form a void space. The holes may have a perforation shape factor and a strut
angle causing the plarality of holes o eollapse in a direction substantially perpendicular to the’
opening. The contracting layer may be collapsed parallel to the surface of the tissue site o

generate a closing force.
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{(G088] Objectives, advantages, and a preferred mode of making and using the claimed
subject matter may be understood best by reference to the sccompanying drawings in

conjunction with the following detailed description of iThustrative embodiments.



CA 02947302 2016-10-27

WO 2015/172108 PCT/US2015/030027

BRIEF BESCRIPTION OF THE DRAWINGS

{0609] Figure 1 is a perspective section view with a portion show in elevation,
iHustrating details that may be associated with some embodiments of a negative-pressure therapy
systoim;

{6018] Figure 2 is 2 plan view, ilustrating defails that may be associated with some
embodiments of a contracting layver of the negative-pressure therapy systemn of Figure 1 in a frst
position,

[8011] Figure 3 is a schematic view, illustrating details that may be associated with some
embaodiments of a hole of the condracting laver of Figure 2;

[6012] Figure 4 is a plan view, iilustrating details that may be associated with some
embodiments of the holes of the contracting layer of Figure 2;

[G013] Figure 5 is a plan view, Hlustrating dewils that may be associated with some
embodiments of the contracting layer of Figare 2 in a second position;

[0814] Figure 6 is a perspective section view with a portion show in clevation,
itusirating details that may be associated with some embodiments of the negative-pressure
therapy aystem of Figore 1;

{0015} Figure 7 is a plan view, illustrating details that may be associated with some
embodiments of another contracting layer of the negative-prossure therapy system of Figure 1;

{0816} Figure 8A 15 a schematic view, illustrating details that mav be assooiated with
seme embodiments of a hole of the contracting layer of Figure 7;

[3817] Figure EB is a plan view, illustrating details that may be associated with sorme
smbodiments of the heles of the contracting layer of Figure 7;

[$318] Figure 9A is a plan view, illustrating details that may be associated with some
embodiments of another contracting layver of the negative-pressure therapy system of Figure 1;

[8019] Figure 5B is a plan view, llustrating details that may be associated with some
embodiments of the holes of the contracting laver of Figure B4,

10024 Figure 10 s a schematic view, illustrating details that may be associasted with
some embodiments of & hole of the contracting layer of Figore 9A having a perforation shape

facior;
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[(6821} Figire 11 is a schematic view, illustrating details that may be associated with
some embodimpends of a hole of the coniracting layer of Figure 9A having anocther perforation
shape factor;

[6622] Figure 12 is a schematic view, fHustrating details that may be associated with
some embodiments of a hole of the contracting layer of Figure 9A having annther perforation
shape factor:

[6023] Figure 13A 15 a plan view, lustrating details that may be associated with some
emmbodimnents of snother eontracting layer of the negative-pressure therapy system of Figure 1;

[324] Figure 138 is a plan view, illostrating details that mav be associated with some
embodiments of the holes of the contracting layer of Figure 13A;

[BUZS) Figure 14 is a schematic view, illusirating details that may be associated with
some smbodiments of a hole of the contracting laver of Figure 13A; and

[(026] Figure 15 is a plan view, illustrating details that may be associated with some

embodiments of another contracting laver of the negative-pressiwre therapy system of Figure 1.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

{0827 The following description of example embodiments provides information that
cnables a person skilled in the art to make and vse the subject matter set forth in the appended
claims, but may omit certain details already well-known in the srt. The following detailed
description is, therefore, to be taken as iHustative and not limiting.

[6028] The example embodusents may also be described herein with reference fo spatial
refationships between various elements or o the spatial orientation of various elements depicted
in the attached drawings. In gensral, such relationships or crientation assume a frame of
reference consistent with or relative to a patient in a position to receive treatment, However, as
should be recognized by those skilled in the art, this frame of reference is merely a descriptive
expediont rather than a strict presoription.

{38297 Figure 1 illustrates details that may be assoclated with some embodiments of g
negative-prossure therapy system 100 that can be apphed to a tissue site 102, In some
embodiments, the tissue site H2 may be closed by one or more stitches 103, The negative-
pressure therapy systom 100 may mmelude a dressing and 8 negative-pressure source.  For
example, a dressing 104 may be {luidly coupled o a negative-pressure source 106, as Hlustrated
in Figure 1. A dressing may be fluidly coupled to a pegative-pressure source by a connector and
& tube. The dressing 104, for example, way be fluidly coupled to the negative-pressure source
106 by 3 connector 108 and a tube 114, A dressing may generally melude a cover and a tissue
interface. The dressing 104, for example, may include a cover 112 and a tissue interface 113, In
some embodiments, the tissue interface 113 may include a conbracting layer, such as a
contracting layer 114, and a profective laver, such as a protective layer 116,

{00381 In general, components of the negative-pressure therapy system 100 mav be
coupled directly or indirectly. For oxample, the negative-pressure source 106 may be directly
coupled to the dressing 104 and indivectly coupled to the tissue site 102 through the dressing
104, Components may be fluidly coupled to each other to provide a path for transterring fhuids
(i.e., liquid and/or gas) between the components,

8031}  In some embodiments, components may be {luidly coupled through a tube, such
as the tbe 110, A “tube,” as used herein, broadly refers to a tube, pipe, hose, conduil, or other

structure with one or more humnina adapted to convey a fhnd between two ends. Typically, a tube
)
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is an elongated, cylindrical atruchwe with some Hexibility, but the goometry and rigidity may
vary. In some embodiments, components may additionally or altfernatively be coupled by virtus
of physical proximity, befug infegral to a siogle structure, or being formed from the same piece
of material.  Coupling may also include mechanical, thermal, electrical, or chemical coupling
{such as a chemical bond) in some contexts,

{8032] In operation, a tssue imerface, such as the tissue inferface 113, may he placed
within, over, on, or otherwise proximate fo a tissue site. A cover may be placed over a tissue
terface and sealed fo Hssue near a tissue site.  For example, the fissue interface 113 may be
placed over the tissue site 102, and the cover 112 may be sealed to undamaged epidermis
peripheral to the tfissue site 102, Thus, the cover 112 can provide a scaled therapeutic
environment 118 proximate to the tissue site 102 that is substantially isolated from the external
environment, and the negative-pressure source 106 cap reduce the pressure in the sealed
therapeutic envirormoent 118,

[#033] The fluid mechanics of using a negative-pressure source to reduce pressure in
another composent or Jocation, such as within 3 sealed therapeutic environment, can be
mathematically complex. However, the basic principles of fluid mechanics applicable to
pegative-pressure therapy are generally well-known to those skilled in the art, snd the process of
reducing pressure may be described illustratively herein as “delivering,” “distributing,” or
“generating” negative pressure, for example.

{80341 In general, exudates and other fluids How toward lower pressure along a fluid
path. Thus, the tern “downstream”™ fypically refors 1o 3 position in s fluid path relativelv closer
to a pegative-pressure source. Conversely, the term “upstream™ refers to a position relatively
further away from a negative-pressure source.  Similarly, it may be convenjent to describe
certain featires in torms of fluid “inet” or “ontlet” in such a frame of reference. This orientation
is generally presumed for purposes of deseribing various features and components of negative-
pressure therapy systems herein.  However, the fluid path may also be reversed in some
applications {such as by substituting a positive-pressure souree for a negative-pressure source)
and this descriptive convention should not be construed as a limiting convention.

[B633]  The term “lssue site”™ in this context broadly refers to a wound or a defect
located on or within tissue, including but not limited to, bone tissue, adipose tissue, muscle

tissue, neural tissue, dormal tissuwe, vascular tissue, connective tissue, cartilage, tendons, or

Y
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ligaments. A wound may mehode chromic, acute, travmatic, subacufe, and dehisced wounds,
pagtial-thickness burns, ulcers {such as diabetic, pressure, or venous insufficiency uleers), flaps,
and grafts, for example. The ferm “Hissue site” may also refor to aveas of any tissue that are not
necsssarily wounded or defective, but are instead arcas in which i may be desirable to add or
promote the growth of additional tissue. For sxample, negative prossure may be used at & tissue
site to grow additional tissue that may be harvested and transplanted to a tissue site at another
location.

[336] A tissuc sitc may also be characterized by shape. For example, some tissue sites
may be referred o as a linear tissue site. A linear iissue site may generally refer to a tissue sife
having an elongated shape, such as an incision having a length substantially greater than its
width. An incision may have edges that may be substantially parallel, particularly if the incision
is cansed by a scalpel, knife, razor, or other sharp blade, Other examples of 3 lincar tissue site
maay include a laceration, a punctare, or other separation of tissue, which may have been caused
by trauma, surgery, or degenerstion. In some embodiments, 4 linear tissue site may also be an
incision in an organ adjacent a fistula. In sone embodiments, a linear Hssue site may be an
incision or punciure in otherwise healthy tissue that extends up to 40 om or more fn length, In
some embodiments, a Hnear tissue site may also vary in depth. For example, an incision may
have a depth that extends up to 15 em or more or may be subculaneous depending on the type of
tissue and the cause of the incision,

{B8371 The tsane site 102, for sxample, may tlustrate a Hnear tissue site having o tissue
surface 105 and an opening 120 through the tissue suwrface 105 along a length of the tissue site
102. The tissue site 102 may also have a first wall 122 and a second wall 124 extending from the
opening 120 in the tssue surface 105 gencrally paralle] to each other along the length and depth
of the tizsue gite 102,

{8638} In some embodiments, one or more stitches 103 may be used to close the opening
128 The stitches 163 may be surgical sutores, for example, which may be used to bold tissue
together following an injory or a surgical procedure, Gengrally, stitches may be thread formed
from absorbable wmaterial such as polyglycolic acid, polvlactic acid, monocoryls, and
polydioxanone, or non-sbsorbable materials such as nylon, polyester, polyvinylidene fluoride,
and polypropylene. The stilches 103 may apply a closing force to the opening 120 by heing

placed under tension to draw the first wall 122 and the second wall 124 toward each other.
8
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JOH39T “Negative pressuré"’ generaily refers 1o a pressure less than a local ambient
pressure. A local ambient pressure may be a prossure in a local environment external to the
sealed therapeutic environment 118 provided by the dressing 104, In many cases, a local
ambient pressure may also be the aimospheric pressure at which a tissue sile s located.
Alternatively, negative pressure may be a pressure that is less than a hydrostatic pressure
associated with tssue at the tissue site.  Unless otherwise indicated, values of pressure stated
herein are gange pressures. Simdarky, references to increases W nogative pressure typically refer
to a decrease in shaolute pressure, while decresses in negative pressure typically refer o an
increase in absolute pressure.

{0048 A negative-pressure source, such as the negative-pressure source 106, may be a
reservolr of air al & negative pressure, or may be a manual or electrically-powered device that
can reduce the pressure in a sealed volumme, such as a vacwum punp, a suction pump, a wall
suction port available at many healtheare facilities, or a micro-pump, for example. A vegative-
pressure source nay be housed within or used in conjunction with other components, such as
sensors, processing units, alarm indicators, memory, databases, software, display devices, or user
interfaces that further facilitate negative-pressure therapy., While the amount and nature of
negative pressure applied fo a tissue site may vary according to therapeutic requirements, the
pressure is generally a low vacuum, also referred to as & rough vacuom, between -5 mm Hg (-
&67 Pa) and -500 mm Hg (-66.7 iPa). Common therapeutic ranges are between -75 rom Hg (9.9
kPa) and -30¢ mm He (-39.9 kPal

(60417 A tissue interface, such as the contracting layer 114 or the profective laver 118,
can generally be adapied {0 contact a tissue site. A tissuc interface may be partially or fully in
contact with a tissue site. If a tissue site 18 8 wound, for cxample, a tissue interface may partially
or completely fill the wound, or may be placed over the wound. A tissue imterface may take
many formes, and may have rmany sizes, shapes, or thicknesses depending on a variety of factors,
such as the type of treatment being implemented or the nature and size of a tissue site. Tor
exammple, the size and shape of a tissue interface may be adapted to the contours of deep and
irregular shaped tissue sifes.

[$842] In some embodupents, a fissue inferface roay be a manifold or may include a
manifold. A "manifold” in this context gonerally includes any substance or structire providing a

plurality of pathways adapted to collect or distribute fluid across a tissue site under negative
g
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pressure. For example, 2 manifold may be adapted to receive negative pressure from g source
and distribute the negative pressure through multiple aperiures across a tissue site, which roay
have the effect of collecting fluid from across a tissse site and drawing the fluid toward the
source. In some embodiments, the floid path may be reversed or a sccondary Tluid path may be
provided to facilitate deHvering fluid across a tissue site,

[6043] In some illustrative embodiments, the pathways of a manifold may be channels
interconnected to improve distiibution or collection of fluids across a tissue site. For example,
cellular foam, open-cell foam, reticulated foam, porous tissue collections, and other porous
material such as gauze or felted mat generally include pores, edges, and/or walls adapted to form
wterconnected fuid pathways., Liguids, gels, and other foams may also include or be cured o
inclade apertures and flow channels. In some iflustrative embodiments, a manifold may be a
porous foam material baving Interconnested cells or pores adapted to uniformly (or guasi-
uniformiy) distribute negative pressure to a tissue site.  The foam material may be efther
hydrophobic or hydrophilie. In one non-limiting example, a manifold may be an open-cell,
reticulated polyurethane foam such as GranuFoam® dressing available from Kinetic Concepts,
Inc. of San Antonio, Texas,

{0044] In an example in which a tissue terface may be made from a hvdrophilic
material, the tissue interface may also wick fluid away from a lissue site, while continuing to
distribute negative pressure {o the tissue site. The wicking properties of a tissue interface may
draw fluid away from a tissue site by capillary flow or other wicking mechanisms. An example
of a hydrophilic foam is a polyvinyl alcohol, open-cell foam such as V.A.C. WhiteFoam™
dressing available from Kinetic Concepts, Inc. of San Antonio, Texas. Uther hydrophilic foams
may include those made from polyother.  Other foams that may exhibit hydrophilic
characteristics include bydropbobic foams that have been treated or coated to provide
hydrophilicity.

{0045] A tissue inferface may further promote granulation at a tissue site when pressure
within the sealed therapeutic environment is reduced. For example, any or all of the surfaces of
a tissue interface may have an uneven, coarse, or jagged profile that can induce microstrains and
stresses at a fissue sife if negative pressure s applied through a tissue interface. In some
embodiments, a tissue interface may be constructed from bioresorbable materials, Suitsble

bioresorbable materials may tnclude, without limitation, a polymeric blesd of polviactic acid
i
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(PLA} and polyglyeolic acid (PGA). The polymeric blend mav also include without Hmitation
polyvearbonates, polyvfumarates, and cap:alas:mn&s. A tissue interface may firther serve as a
scaffold for new cell-growth, or a scaffold material may be used in conjuncton with the tissue
isterface fo promoie cellgrowth. A scaffold is generally a substance or structure used to
enhance or promote the growih of cells or formation of fissue, such as a three-dimcensional
porous structure (hat provides a template for cell growth, Ilustrative examples of scaffold
materials include calcium phosphate, collagen, PLA/PGA, coral bydrony apatites, carbonates, or
processed allograft materials,

[8046] In some embodiments, the cover 112 may provide a bactarial barvier and
protection from physical rauma. The cover 112 may also be construcied from a material that
can reduce evaporative losses and provide a flaid seal botween two components or two
environments, such as between a therapeutic environment and a local external environment. The
cover 112 may be, for example, an elastorueric film or membrane that can provide a seal
adequate fo maintain 8 negative pressure at & tissue site for a given negative-pressure source. In
sorne example embodiments, the cover 112 may be a polymer drape, such as a polyurethane film,
that is permesble to water vapor but impermeable to liquid. Such drapes typically bave a
thickness in the range of about 25 micrans to about 50 microns. For permeable materials, the
permeability generally should be low enough that a desired nepative pressure may be maintained.

100471 An attachment device may be used fo attach the cover 112 to an atiachment
swface, such as undamaged epidermis, a gasket, or another cover. [n some cmbodiments, an
attachment surface may be tissee surrounding a tissue site, such as the tissue surface 105
surrounding the opening 120, An aftachment device may take many forms. For example, an
attachment device may be a medically-sceoptable, pressurc-sensitive adhesive that extends about
a periphery, a portion, o an entire sealing roember. 1o some embodiments, for example, some or
all of the cover 112 may be coated with an acrylic adhesive having a coating weight between
about 25 grams per squarc meter {gsm} and about 65 gsm. Thicker adhesives or combinations of
adhesives may be applied in some embodiments to improve the seal and reduce leaks. Other
example embodiments of ag attachment device may include a double-sided tape, paste,
hydrocolinid, hydrogel, silicone gel, or organogel.

[O048] A linear tissue sie, such as an incision, may often be created during a surgical

procedure if a surgeon or other olindcian uses a cutting instrament, such as a scalpel, o pierce
bl
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and cut through at least a portion of a tissue site. Following a surgical procedure, a closing force
may be applied to an opening of an incision to faciiitate healing. A closing force may be a force
ihat is substantially parailel fo the tissue surface 105 and wrges the fivst wall 122 and the second
wall 124 toward cach other to close the opening 120, Closure of an opening mayv help maintain a
healing environment for internal structures of a tssue sife, as well as inhibit entry of bacteria or
other harmful substances inio the tissue site,

[8845] Often, 2 mechanical means may be used to apply a closing foree 1o a tissue site.
A mechanical means of closing a tissue site may include sutures, staples, hooks, and other
devices configured to apply a closing force. Generally, sutures, staples, and other devices may
be configured o apply 3 closing force to a surface of a tssue site or to other Lissue peripheral 1o
the tissue stte.  For example, & thread may be inserted info punciures and drawn across an
opening of an incision. The thread may be held under tension with a knot or other securing
mechanism fo draw opposing sides of an opening togsther, Sutures and staples may apply 3
Jocalized stress to tissue near the punciures where the sufures penefraie tissue. Localized stress
associated with punchures can lead 1o pationt discomfor!, pam, or additional bleeding. In some
gxirerne cases, such mechanical means may cause additional inhwry, which may result In
dehiscence. Weak or delicate skin may be particularity prone to negative effects associated with
raechanical means of closure.

(80581 These limitations and others may be addressed by the negative-pressure therapy
system 100, which can provide & closing foree 131 to facilitate closure of a tissue site. In some
embodiments, the negative-pressure therapy systerm 100 may inclnde a dressing that can be
placed over other mechanical closure devices, such as stifches, o provide and distribuie a closing
force generally perpendicelar to a linear tissue site, such as an incision, Tn some embodiments,
the negative-pressure therapy system 100 may apply a closing force that urges opposing sides of
an opening i a lincar tissue site toward cach other, thereby at least partially relieving localized
stresses that may be caused by punctures and stitches.

{80511 The negative-pressure therapy systern 100 may be used on the tissue site 102, In
some embodiments, the contracting layer 114 may be pesitioned adjacent to the tissue site 102 so
that the contracting layer 114 is in contact with the tissue sorface 105 surrounding the opening
124, In some embodiments, the protective layer 116 may be positionsd between the coniracting

layer 114 and the tssue surface 105 surrounding the opening 120,
12
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{531 In somo embodiments, the contracting layer 114 may be a substandially flat or
substantially planar body, The contracting laver 114 may have a thickness 126, In some
embodiments, the thickness 126 may be about 15 mm. In other embodiments, the thickness 126
may be thinmer or thicker than abouf 15 nun as needed for the tissue site 102. In some
embodiments, individual portions of the contracting layer 114 may have a minimal telerance
from the thickness 126, In some smbodiments, the thickness 126 may have a tolerance of about
2 mm. The coniracting laver 114 may be flexible so that the contracting layer 114 may be
contoured 1o a surface of the tissue site 102,

00831 [n some embodiments, the contracting layer 114 may be formed from

V

&

thermoplastic elastomers (TPE), such as styrene ethylene butviene styrene (SEBS) copolymers,
of thermoplastic polyurethane {(TPU). The contracting laver 114 may be Tormed by combining
sheets of TPE or TFU having a thickness between about 1.2 mm and abowt 2.0 wmum to form a
structire having the thickness 126, In some embodiments, the shests of TFE or 'TPU may be
bonded, welded, adhered, or otherwise coupled to ome another. TFor example, ju some
embodiments, the sheets of TPE or TPU may be welded using radiant heat, radio-frequency
welding, or laser welding. Supracor, Inc., Hexacor, Lid,, Hexcel Corp., and Econocorp, Inc. may
produce suitable TPE or TPU sheets for the formation of the contraciing laver 114, In some
embodiments, the contracting laver 114 may be formed from a 3D textile, also referred to as a
spacer fabric. Switable 3D {exdiles may be produced by Heatheoat Fabrios, Ltd, Baliex, and
Mueller Textil Group.

[¢834] In some embodiments, the contracting laver 114 may be formed from a foam,
For example, cellular foam, open-cell foam, reticulated foam, or porous {issue collections, may
be used to form the contracting laver 114, In some embodiments, the contracting layer 114 may
be formed of Gram@Foam®, grey foam, or Zotefoam.  Grey foam may be a polyester
polyurethane foam having about 60 pores per inch (ppi). Zotefoam may be a closed-cell

%

crosslinked polyolefin foam. Tn one non-Hmiting example, the contracting laver 114 may be an
open~ccll, reticulated polyurcthans foam such as GrannFoam® dressing available from Kinetic
Concepts, Iue. of San Antonio, Texas: in other embodiments, the contracting layer 114 may be
an open-cell, reticulated polyurethane foam such as a VeraFlo® foam, also available from

Kinetic Concepts, Ine., of San Antonio, Texas.
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[BO33]  In some embodiments, the contracting laver 114 may be formed from a foam
that is mechandeaily or chemically compressed 1o increase the density of the foam at ayphient
pressure. A foam that is wechanically or chemically compressed may be referred to as 2
compressed foam. A compressed foam may be characterized by a firmness factor (FF) that may
be defined as a ratio of the density of a foam in a compressed state {o the density of the same
foam in an uncompressed state. For example, a fimnness factor (FF) of 5 may refer 1o a
compressed foam having a density that is five times greater than a density of the same foanm in an
uncompressed state. Mechanically or chemically compressing a foam may roduce a thickness of
the foam al wmbient pressurs when compared fo the same foam that has not been compressed.
Reducing a thickness of a foam by mechanical or chemical compression may increase a density
of the foam, which may increase the firmmess factor (FF) of the foam. Increasing the firmness
factor {FF'} of a foam may mcrease a stiffness of the foam in a divection that is parallel 10 a
thickness of the foam, For example, increasing a frmmess factor (FF) of the confracting layer
114 may increase a stiffness of the contracting laver 114 in a direction that is parallel 1o the
thickness 126 of the contracting layer 114, In some embodiments, a compressed foam may be a
compressed Granvtoam®.  GramuFoam® may have a deosity of about 0.03 grams per
centimeter’ (g/om’y in its uncompressed state. If the GranuFoam® is compressed o have a
firmness faclor (FF) of 5, the GranuFoam® may be compressed umil the density of the
GramuFoam® is abowt 0.15g/oe’.  VeraFlo® foam may alse be compressed to form a
compressed foam baving a firmmness factor (FFyup 1o 5.

{0056] The fironess factor (FF) may also be used o compare compressed foam
malerials with non-foam materials. For example, a Bupracor® material mav have a finmness
factor (¥F) that allows Supracor® to be compared to compressed foams. Tn some embodiments,
the firmness factor (FF} for a non-foam material may represent that the non-foam material has a
stiffiness that is equivalent to a stiffness of a compressed foam having the same firmmess factor.
For example, if a contracting layer is formed from Supracor®, as illustrated in Table 1 below, the
comtracting layer may have a stiffness that is about the same as the stiffness of a compressed
GranuFoam® material having a firmoness factor (FF) of 3.

{00371  Generally, if 2 compressed foam iz subjected to negative pressure, the
compressed foam exhibits less deformation than a similar uncompressed foam. If the contracting

layer 114 is formed of a compressed foam, the thickness 126 of the coniracting layer 114 may
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deform less than if the confracting layer 114 is formed of a comparable uncompressed foam.
The decrease in deformation may bhe caused by the increased stiffness as reflected by the
firmmess factor (FF). If subjected to the stress of negative pressure, the contracting laver 114 _
formed of compressed foam may flatten less than the contracting laver 114 that is formed from
uncompressed foam. Consequently, when negative pressure is applied to the contracting layer
114, the stiffness of the contracting layer 114 in the direction parallel (o the thickness 126 of the
contracting layer 114 allows the contracting layer 114 o be more compliant or compressible in
other directions, e.g., a direction parallel to the tissue siwface 105 or in a divection porpondicular
i the opeming 120 of the tissue stte 102, The foam material used to form a comprossed foam
may be either hvdrophobic or hydrophilic. The pore size of a foam material may vary according
io needs of the comtracting layer 114 and the amount of compression of the foam. For example,
in some ombodiments, an uncompressed foam may have pore sizes in a range of about 400
microns to about 600 microns. If the same foar is compressed, the pore sizes may be smaller
than when the foam is in its uncompressed state,

{0338]  The protective laver 116 may be a layer of material positioned between the
contracting laver 114 and the tissue site 102, In some cmbodiments, the profective layer 116
may be coextensive with the contractivg laver 114, In other embodiments, the protective laver
116 may be larger or smaller than the comfracting laver 114, In some embodiments, the
protective layer 116 may have a thickness that is less than the thickness 126 of the cantracting
;

faver 114, In somie embodiments, the protective laver 116 may be a protective mesh, a

perforated fim, a woven material of a nonswoven material,  In some embodiments, the
protective fayer 116 may be laminated to the contracting layer 114, In some embodiments, the
protective layer 116 may inhibit frritation of the tssue site 102,

58] Figure 2 is a plan view, ilustrating additional details that may be associated with
some embodiments of the contracting layer 114, The confracting laver 114 may include 8
plurality of holes 128 or perforations extending through the confracting faver 114 1o form walls
130 extendmg through the contracting layer 114, -In some embodiments, the walls 130 may be
generally parallel to the thickness 126 of the contracting laver 114, In other embodiments, the
walls 130 may be generally perpendicular to the surface of the contracting tuyer 114, In some

embodiments, the holes 128 may have a hexagonal shape as shown.

Je—y
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{6064} The contractimg Javer 114 may cover the opening 120 in the tissue swrface 103 of
the tissue site 102, In some embodiments, the contracting laver 114 may have a first orientation
line 127 and a second orientation line 129 that is perpendicular to the first orientation Hne 127,
In some embodiments, an orlentation line, such as the first orientation line 127 or the second
arientation line 129, may be a Uoe of symmetry of the contracting layer 114, A line of symmetry
may be, for example, an imaginary line across a surface of the contracting layer 114 defining a
fold line such that if the contracting layver 114 is folded on the line of symmetry, the holes 128
and the walls 130 would be coincidentally aligned. Generally, if the dressing 104 is heing used,
the first orientation Hne 127 and the second orientation Hne 129 mayv be lines wsed to orient the
contracting layer 114 relative to the tissue site 102, In some embodiments, the first orlentation
fine 127 and the second orientation line 129 may be used to refer to the desired divections of
contraction for the contracting laver 114, For example, if the first orientation line 127 is oriented
parallel to the opening 120, the desired direction of contraction may be parsllel to the second
orientation line 129 and perpendicular to the first orientation lne 127, Generally, the contracting
tayer 114 may be placed at the tissue site 102 so that the firsf oricatation line 127 is parallel to
the opening 120 and may cover portions of the tissue surface 105 on both sides of the opening
120, In some embodiments, the first ovientation Une 127 may be colncident with the opening
120

180617 Although the contracting laver 114 is shown as having a geperally rectangular
shape including longitudinal edges 132 and latitudinal edges 134, the contracting layer 114 may
have other shapes, For examople, the contracting layer 114 may have a diamond, squars, Iar
circular shape. In sorne embodiments, the shape of the contracting laver 114 may be selected to
acconunodate the type of tissue site being treated, In some cmbodiments, the first orientation
line 127 may be parallel to the longitndinal edges 132,

{0862] Referring more specifically to Figure 3, 2 single hole 128 having a hexaponal
shape is shown. The hole 128 may include a center 136 and a perimeter 138, The hole 128 may
have a perforation shape factor (PSF). The perforation shape factor (PST) may represent an
orientation of the hole 128 relative to the first orientation line 127 and the second orientation line
129, Geverally, the perforation shape factor (PSF} is a ratio of 2 a maximum length of the hole
128 that is paralle! to the second orientation Hne 129 to % a maximum length of the hole 128 that

is parallel to the first orientation line 127, For reference, the hole 128 may have an X-axis 142
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extending through the center 136 between opposing vertices of the hexagon and paralle] to the
first orientation line 127, and a Y-axis 140 extending through the center 136 between opposing
sides of the hexagon and parallel to the second orlentation Hoe 129, The perforation shape factor
(PSF} of the hole 128 may be defined as a ratic of a line segment 144 on the Y-axis 140
extonding from the center 136 o the perimeter 138 of the bele 128, o a line segment 146 on the
X-axis 142 extending from the center 136 to the perimeter 138 of the hole 128, 1f a length of the
line segment 144 is 2.69 mm and the length of the live segment 146 is 2.5 o, the perforation
shape factor {PST) would be 2.69/2.5 or showt 1.08. Tn other embodiments, the hole 128 may be
oriented relative to the fivst orientation line 127 and the second orientation line 129 so that the
perforation shape factor (PSF) may be about 1.07 or 1.1,

{8063} Referring {o Figure 4, a portion of the contracting fayer 114 of Figore 1 is shown.
The contracting layer 114 may include the plurality of holes 128 aligned in a pattern of parallel
rows. The pattern of parallel rows may inelnde a fiest row 148 of e holes 128, a second row
15C of the holes 128, and a third row 152 of the holes 128, The centers 136 of the holes 128 in
adjacent rows, for example, the first row 148 and the second row 150, may be characierized by
being offset from the second oricntation Yoe 129 along the frst orientation Hne 127, In soms
embodiments, a line connecting the centers of adjacent rows may form a strut angle (3A) with
the first orientation line 127, For example, a first hole 128A in the first row 148 may have a
ceater 1364, and a second bole 1288 o the second row 130 may have & center 1368, A strut
Hine 154 roay connect the center 136A with the center 1368, The strut line 154 may form an
angle 136 with the first orientation line 127. The angle 156 may be the strut angle (SA) of the
contracting layer 114, In some embodiments, the strut angle (SA) may be less thau about 90°,
In other embodiments, the strut angle (8A) may be between about 30° and about 707 relative to
the first orientation Hne 127, In other embodiments, the strut angle (SA) may be about 66° from
the first orientation line 127, Generally, s the strut angle (SA) decreases, a stiffness of the
copfracting laver 114 in a direction parallel to the first orientation lne 127 may increase.
Increasing the stiffness of the contracting layer 114 parallel to the first orientation line 127 may
increase the compressibility of the contracting layer 114 perpendicular to the first orientation line
127. Consequently, if negative pressure is applied to the contracting layer 114, the contracting
layer 114 may be more compliant or compressible in a direction porpendicular to the first

orientation line 127, By increasing the compreasibility of the contracting layer 114 in a direction
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perpendicular to the fivst orlentation Hve 127, the contracting laver 114 may collapse to apply the
closing fores 131 fo the opening 120 of the tissue site 102, as described jn more detail below.

[#064) In some embodiments, the centers 136 of the holes 128 in alternating rows, for
example, the center 136A of the first hole 128A in the first row 148 and a center 136C of 8 hole
128C in the third row 132, may be spaced from cach other paralle] to the second orientation line
129 by a length 158, in some embodiments, the length 158 may be greater than an effective
diameter of the hole 128, If the centers 136 of holes 128 in alierating rows are acparated by the
lfength 158, the walls 130 parallel to the first ortentation Hoe 127 may be considered comtingous.
Generally, the walls 130 may be continuous if the walls 130 do not have any discontinuities or
breaks between holes 128,

[8065] Regardless of the shape of the holes 128, the holes 128 in the contracting laver
114 may leave void spaces in the comtracting layer 114 and on the surface of the contracting
tayer 114 so that only the walls 130 of the contracting laver 114 romain with & surface available
o contact the tissue surface 105, It may be desirable to minimize the walls 130 so that the holes
128 may collapse, causing the condracting layer 114 to coliapse and generate the closing force
131 in a direction perpendicular o the first orientation bne 127. However, # may also be
desirable not w minimize the walle 130 so much that the contracting layer 114 becomes too
fragile for sustaining the application of a negative pressure. The void space percentage (VS) of
the holes 128 may be equal to the percentage of the volume or surface area of the vaid spaces
created by the holes 128 to the total volume or surface area of the contracting layer 114, In some
embodiments, the void space percentage (V3) may be between about 409 and about 60%. In
other embodiments, the void space percemtage (VS) may be about 55%,

{0064] In some ambodiments, the holes 128 may be formed during molding of the
contracting layer 114, In other embodiments, the holes 128 may be formed by cufting, meliing,
or vaporizing the contracting layer 114 after the contracting layer 114 is formed. For example,
the holes 128 may be formed i the contracting layer 114 by laser culting the compressed foam
of the contracting layer 114, In some embodimenis, an cffoctive diameter of the holes 128 may
be selected to permit flow of particulates through the holes 128, An effective diameter of a non-
circular area may be defined as a diameter of a circular area having the same surface arca as the
non-circular area. In some embodimests, each hole 128 may have an effective diameter of about

3.5 mm. In other embodiments, each hole 128 may have an effective diameter between sbout 5
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mm and about 2 mm. The offective diameter of the holes 128 should be distinguished from the
porosity of the material forming the walls 130 of the contracting layer 114, Generally, an
effective diameter of the holes 128 is an order of magnitude larger than the effective diameter of
the pores of a material forming the contracting layer 114. For example, the effective diameter of
the holes 128 may be larger than about 1 mn, while the walls 130 may be formed from
Granuloam® material having a pore size less than ahout 600 microns, In some embodiments,
the pores of the walls 130 may not create openings that extend all the way through the material.

[6067] Referring now to both Figures 2 and 4, the holes 128 may form & patiem
depending on the geometry of the holes 128 and the alignment of the holes |28 between adjacent
and alternating rows in the contracting laver 114 with respect to the first orientation line 127, I
the confracting layer 114 is subjected to negative pressure, the holes 128 of the contrasting layer
114 may collapse. In some embodiments the void space porcentage (V5), the perforation shape
factor (PSF), and the strut angle (SA) may sause the contracting laver 114 to collapse along the
second orientation line 129 perpendicular to the first orientation ling 127 as shown in more detail
in Figure 5. If the contracting laver 114 13 positioned on the tissue suwface 105 of the tissne gite
102 so that the first orientation line 127 ceincides with the opening 120, the condracting layer
114 may generate the closing force 131 slong the second orientation line 129 such that the tissue
surface 105 iy conlracted in the sams direction to facilitate closore of the opening 120 and draw
the first wall 122 o the second wall 124 as shown in more detail in Figure 5. The closing force
131 may be optimized by adjusting the factors described above, as st forth in Table 1 below. In
sorme embodiments, the holes 128 may be hexagonal, have a strut angle {8A) of approximately
66°, a void space percentage {(VS) of about 55%, a firmness factor (FF) of 5, a perforation shape
factor {(PSF} of 1.07, and an effective diamster of about 5 nym. If the contracting layer 114 is
subjected to a negative pressure of about -125 mm Hg, the closing force 131 asserted by the
contracting laver 114 may be about 133 N. If the effective diameter of the holes 128 of the
contracting layer 114 is increased o 10 mm, the closing force 131 may be decreased to about 7.3
N.

{00681 Figure 6 is a perspective secticnal view with a portion shown in elevation,
iHllustrating additional details that may be associated with some embodiments of the negative-
pressure therapy system 100, As shown in Figure 6, the contracting laver 114 is in the second

position, or contracted position, of Figure 5. In operation, negative pressure may be supphied to
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the scaled therapentic eovironment 118 with the negative-prossure sovres 106, In response to the
supply of negative preasure, the comtracting laver 114 may collapse from the position tHustrated
in Figure 1 to the position illustrated in Figure 6. Generally, the thickness 126 of the contracting
fayer 114 may remain substantially the same. In some embodiments, negative pressure may be
supplicd to the scaled thorapeutic covirenmerd 118 until & prossure i the scaled therspeutic
environment 118 is abouf a therapy pressure. In some embodiments, the sealed therapeutic
environment 118 may remain af the therapy pressure for a therapy period.  In some
embodiments, the therapy period may be a time period that allows for opposing sides of the
opening 120 to heal. In some embodiments, the therapy period may be oyclic, having a period in
which negative pressure may be applied to the tssue sife 102 and a period in which negative
preasure may be vented from the tissue site 182, In other embodiments, the therapy period may
be longer or as shorter as needed to supply appropriate negative-pressure therapy to the tissue
site 102.

6064 If the contracting layer 114 is in the second pesition of Figure 6, the confracting
layer 114 may exert the closing force 131 paralle! to the tissue surface 185 of the tissue sile 102
toward the opening 120, The closing foree 131 may wrge the first wall 122 and the second wall
124 toward one another. In some smbodiments, the closing force 131 may close the opening
128, The closing force 131 may also relieve localized stresses that may be caused by the stitches
103, reducing the visk of additional traursa to the tissue site 102,

[807¢] Figure 7 is a plan view, illustrating additional details that may be associsted with
some embodinments of a contracting layer 214, The contracting layer 214 may be similar to the
contracting layver 114 and operate as described sbove with respect to Figures -6, Similar
elements may have similar numbers indexed to 200, For example, the contracting laver 214 is
shown as having a generally rectangular shape including longitudinal edges 232 and latitadinal
edges 234, The confracting layer 214 may have s first orientation Hne 227 and a second
orientation lne 229 that is perpendicular to the fivst orentation o 227, To some cmbodiments,
the first orientation line 227 and the scoond orientation fine 229 may be used o refer to the
desired directions of contraction for the contracting laver 214, For example, if the first
orientation line 227 is oriented paraliel to the opening 120, the desired direction of contraction
may be parallel to the second orientation line 229 and perpendicular to the first orientation line

227, Generally, the contracting layer 214 may be placed at the tissue site 102 so that the first
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origntation line 227 is parallel to the opening 120 and may cover portions of the tissue surface
15 on both sides of the opening 120, In some embodimenis, the first orientation Hne 227 may

be coincident with the opening 120, The contracting laver 214 may include 8 plurality of holes

walls 230 of the holes 228 may extend through the contracting layer 214 paraliel to the thickness
126 of the contracting layer 214, In some embodiments, the holes 228 may have a cirenlar shape
as shown.

{8071] Referving more specifically o Figure 8A, 4 single hole 228 having a circular
shape is shown. The hele 228 may include a conter 236, a porinctor 238, and the perforation
shape factor (PSF). For reference, the hole 228 may have an X-axis 242 extending through the
center 236 parallel o the first orientation line 227, and a V-axis 240 extending fuough the center
236 parallel to the second orientstion line 229, In some embodiments, the perforation shape
factor {PSF) of the hole 228 may be defined as a ratio of a hine segment 244 on the Y-axis 248
extending from the center 236 to the perimeter 238 of the hole 228, {0 a live segment 246 on the
H-axis 242 extending from the center 236 to the perimeter 238 of the hole 228, Il a length of the
Hoe segment 244 is 2.5 mm and the length of the lne segment 246 is 2.5 mm, the perforation
shape factor (PSF) would be 2.5/2.5 or about 1.

{0872] Referring to Figure 8B, a portion of the contracting layer 214 of Figure 7 is
shown. The confracting layer 214 may include the plurality of holes 228 aligned in a pattern of
parallel rows. The pattern of paraliel rows may include & first vow 248 of the holes 228, 8 sceond
row 250 of the holes 228, and a third row 252 of the holes 228, The Xe-axis 242 of Figore 84 of
each hole 228 mayv be parallel to the first orientation line 227 of Figure 883, The centers 236 of
the holes 228 in adjacent rows, for example, the first row 248 and the second row 250, may be
characterized by being offset from the second orientation line 229 along the first orientation line
227 1o soms embodiments, a line connecting the conters of adjacent rows may form the strut
angle (SA) with the first oriemtation Hine 227. For example, a first hole 228A in the first row 248
may bave a cenfer 236A, and a second hole 2288 in the second row 230 may have a center
2368, A stryt line 254 may connect the center 236A with the center 2368, The strut ling 254
may Torm an angle 256 with the {irst orlentation Hne 227, The angle 236 may be the strut angle
{8A) of the contracting layer 214, In some embodiments, the struf angle (SA) may be Iess than

about 90°. In other embodiments, the struf angle (3A) mav be botween about 30° and about 70°
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relative to the first orientation line 227. As deseribed above, if negative pressure is applied to the
contracting layer 214, the contracting layer 214 may be more compliant or compressidle in g
direction perpendicular to the first orientation line 227, By increasing the compressibility of the
contracting layer 214 in a direction perpendicalar to the first ortentation Hine 227, the contracting
layer 214 may collapse to apply a closing force 1o the opening 120 of the tissue site 102, as
described in more detail below.

[8073] In some embodiments, the centers 236 of the holes 228 in alternating rows, for
example, the center 236A of the first hole 228A in the first row 248 and a center 236C of a hole
228 in the third row 252, may be spaced from each other parallel © the second orientation line
229 by a length 258, In some embodiments, the length 2358 may be greater than an effective
dismeter of the hole 228, I the centers 236 of holes 228 in aliemating rows are separaied by the
length 258, the walls 230 parallel to the first orientation line 227 may be considered confinuous.
Genetally, the walls 230 may be continuous if the walls 230 do vot have any discontinuities or
breaks between holes 228,

{3074} Regardless of the shape of the holes 228, the holes 228 in the contracting layer
214 may loave void spaces in the contracting layer 214 and on the surface of the contracting
laver 214 so that only walls 230 of the contracting laver 214 remain with a surface available o
contact the tissue surface 105, B may be desirable to minimize the walls 230 so that the holes
228 collapse, causing the contracting layer 214 to collapse to gencrate the closing force 131 in a
direction perpendicular to the first orientation line 227, However, it may also be desirable not to
minimize the walls 230 so much that the contracting laver 214 becomes too fragile for sustaining
the application of & negative pressure. The void space percentage (VS) of the holes 228 may be
equal to the percentage of the volume or surface area of the void spaces created by the holes 228
to the total volume or surface area of the contracting laver 214, In some embodiments, the void
space percerdage (V) may be between about 40% and about 40%. In other embodiments, the
void space percentage {VS) may be about 54%

{8075} In some embodiments, a diameter of the holes 228 may be selected to permit flow
of particulates through the holes 228, In some embodiments, each hole 228 may have a diameter
of about § mm. In other embodiments, each hole 228 may have an effective diameter between

about 3.5 mm and about 20 mm.
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[8876] Referring now to both Figwwes 7 and 8B, the holes 228 may form s patfern
depending on the geometry of the holes 228 and the aligament of the holes 228 between adjacent
ard alternating rows in the contracting layer 214 with respect to the first orientation line 227, If
the contracting laver 214 is sublected to nogative pressure, the holes 228 of the contracting layer
214 roay collapse. In some cmbodiments, the void space percentage {(V8), the perforation shape
factor {(PRYY, and the strut angle (SA) may cause the contracting tayer 214 o collapse along the
second orientation line 229 perpendicular to the first orientation line 227, I the contracting laver
214 is positioned on the tissue swrface 103 of the tissue site 102 so that the first orientation line
227 comoides with the opening 124, the contracting layer 214 may generste the closing force 131
along the second orientation lne 229 such that the tssue surface 103 15 confracted i the same
direction to facilitaie closwre of the opening 120, The closing force 131 may be optimized by
adjusting the factors deseribed above as set forth i Table 1 below. In some embodiments, the

holes 228 may be circular, have a strot angle (8A) of approximatelv 37°, a void space perceniage
" T X B 2 S

(s
(VS} of about 54%, a firmmess factor (FF} of 3, a perforation shape factor (PSF) of 1, and a
diarneter of about 5 mm. If the contracting layer 214 s subdjected 1o a negative pressure of about
-125 mm Hg, the contracting layer 214 may assert the closing force 131 of approximately 11.3
N. If the diameter of the holes 228 of the contracting layer 214 is increased to 20 mm, the void
space percentage (VS changed to 52%, the strut angle (SA) changed to 52°, and the perforation
shape factor (PSF) and the firmness factor (FF) romain the same, the closing force 131 may be
decreased to about 6.3 N,

{80771 Figure 9A is a plan view, iHustrating additional details that may be associated
with some embodiments of a contracting layer 314, The contracting layer 314 may be similar to
the condracting laver 114 and operate as described above with respect to Figures 1-6, Similar
clements may have similar reference nombers indexed fo 300. The contracting laver 314 may
cover the opening 120 in the tissue surface 105 of the tissue site 182, Yo some embodiments, the
contracting tayer 314 may have a fivst orientation line 327 and a second orientation fine 329 that
is perpendicular to the first orientation tine 327, In some embodiments, the first orientation line
327 and the second orientation live 329 may be used to refor 1o the desired directions of
contraction for the contracting layer 314, For example, if the first orientation line 327 is oriented
parallel 1o the opening 120, the desired direction of contraction may be paralle] to the second

orientation line 329 and perpendicnlar to the first orientation line 327, Generally, the contracting
J‘&"‘
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layer 314 may be placed at the tfissue site 102 so that the frst orientation line 327 is parallel to
the opening 120 and may cover portions of the tissue surface 105 on both sides of the opening
120, In some embodiments, the first orientation Hne 327 may be comeident with the opeming
120. The contracting fayer 314 may include a plurality of holes 328 or perforations extending
through the contracting layer 314, In some embodiments, the walls 330 of the holes 328 may
extend through the contracting layer 314 paralle! to the thickness 126 of the contractiog layer
314, In some embodiments, the holes 328 may have an ovoid shape as shown.

[0078] Referring more spectfically to Figure 10, a single hole 328 baving an ovoid shape
is shown. The hole 328 may include a center 335, a perimeter 338, and a perforation shape
factor (PSF). For reference, the hole 328 may have an X-axis 342 extending through the center
336 paraliel to the first orientation line 327, and a Ye-axis 340 extending through the center 336
parallel o the second orientation line 329, In some embodiments, the perforation shape factor
(PSF} of the hole 328 may be defined as a ratio of a Hne segment 344 on the Y-axis 340
extending from the center 336 to the perimeter 338 of the hole 328, 1o 4 line segment 346 on the
K-axis 342 extending from the center 336 to the perimeter 338 of the hole 328, Ifa fength of the
fine segmment 344 is 2.5 mun and the length of the Hoe segment 346 is 2.5 man, the perforation
shape factor (PSF) would be 2.5/2.5 or about 1.

{00797 Referring to Figure 11, if the hole 328 is rotated relative to the first orientation
tine 327 and the sccond orientation line 329 so that a major axis of the hole 328 is parallel to the
second orientation Hne 329 and & minor axis of the hole 328 is parallel {o the first orientation line
327, the perforation shape factor (PSF) may change. For example, the perforation shape factor
(PSF) is now the ratio of a line segment 360 on the Yeaxis 340 extending from the center 336 1o

2

the perimeter 338 of the hole 328, to 2 Tine segment 362 on the X-axis 342 extending from the
center 336 to the perimeter 338 of the hole 328, 1f a length of the line sepment 360 iz 5 mm and
the length of the line segment 362 is 2.5 mm, the perforation shape factor (PSF) would be 5/2.5
or about 2.

{08487 Roforring to Figure 12, #f the hole 328 is rotated relative to the first orientation
line 327 and the second orientation Hne 329 so that & mugor axis of the hole 328 is paraliel to the
first orientation line 327 and a minor axis of the hole 328 is parallel to the second orientation line
329, the perforation shape factor (PSF} may change. For example, the perforation shape factor

{PSF) is now the ratio of a line segment 364 on the Y-axis 340 extending from the center 336 to
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the perimeter 338 of the hole 328, 1o a line segment 366 on the X-axis 342 extending from the
genter 336 {o the perimeter 338 of the hole 328, I a length of the line segment 364 is 2.5 mm
and the length of the lne segment 366 Is § mm, the perforation shape factor (PSF) would be
2.3/5 or about 1/2.

[88811 Reforring to Figure 9B, a portion of the confracting layer 314 of Figore 94 i
shown, The contracting layer 314 may inclade the plurality of holes 328 aligned in a patlern of
parablel rows. The pattern of paraliel rows may include & first row 348 of the holes 328, a second
row 330 of the holes 328, and a third row 352 of the holes 328, The Xeaxis 342 of Figures 10,
11, and 12 of cach hole 328 may be parallc! to the first oriontation line 327 of Figure 98, The
centers 336 of the holes 328 in adjacent rows, for exampie, the first row 348 and the second row
350, may be characterized by being offset from the second orientation line 329 along the first

i
I3
7

orientation line 327, In some embodiments, a line connecting the centers of adiacent rows may

form a strut angle {8A) with the first orientation line 327, For example, a first bole 328A in the
first row 348 may have a cenfer 3364, and a second hole 3288 in the second row 330 may have
a cerder 3368, A strut line 354 may connect the center 336A with the cenier 3368, The strut
line 354 may form an angle 356 with the fust orientation line 327, The angle 356 may be the
strut angle (8A) of the contracting layer 314, In some embodiments, the struf angle (SA) may be
less than about 90°. In other embodiments, the strut angle (SA) may be between about 30° and
about 707 relative to the first orientation line 327, As desoribed above, if negative pressure is
appliad to the contracting laver 314, the confracting fsyer 314 may be more compliant or
compressibie in a direction perpendicudar to the first orientation line 327. By increasing the
compressibility of the contracting layer 314 in a divection perpendicular to the [irst orientation
fine 327, the contracting layer 314 may collapse o apply the closing foree 131 to the opening
120 of the tissue site 102, as described i more detail below,

[BO82] In some embodiments, the centers 336 of the holes 328 in alternating rows, for
example, the center 336A of the first hole 328A in the first row 348 and a venter 336C of a hole
328 in the third row 352, may be spaced from each other parallel to the second orientation line
329 by a length 358, In scome embodiments, the length 358 may be greater than an effective
diameter of the hole 328, 1 the centers 336 of holes 328 in alternating rows are separated by the

length 338, the walls 330 parallel to the first orientation Hne 327 may be considered continoous.

B2
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Generally, the walls 330 may be continuous if the walls 330 do not have any discontinuities or
breaks between holes 328.

(6083} Regardless of the shape of the holes 328, the holes 328 in the coniracting laver
314 may leave void spaces in the contracting layer 314 and on the surface of the contracting
fayer 314 so that only walls 330 of the contracting laver 314 remain with a surface available to
contact the tissue surface 105, I may be desirable to minimize the walls 330 so that the holes
328 may collapse, causing the contracting laver 314 to collapse the closing force 131 in a
direction perpendicular to the first orientation line 327, However, it may also be desirable not to
mintmize the walls 330 so much that the contracting layer 314 beeomes too fragile for sustaining
the application of 2 negative pressure. The void space percentage (VS) of the holes 328 may be
equal to the percentage of the volume or surface area of the void spaces created by the holes 328
to the total volume or surface area of the contracting layer 314, Tn some embodiments, the void
space percentage (VS) may be between about 40% and about 60%. In other embodiments, the

void space percentage (V5) may be about 56%.

[3384] In some embodiments, an effective diameter of the holes 328 may be selected to
permit flow of partienlates through the holes 328. In some embodiments, each hole 328 may
have an effective diameter of ghout 7 . In other embodiments, each hole 328 may have an
effective diarneter between about 2.5 rom and about 20 mm.

{8085] Referring now 1o both Fignres 9A and 98, the holes 328 may form a patiern
depending on the geometry of the holes 328 and the alignment of the holes 328 between adjacent
and alternating rows in the contracting layver 314 with respect to the first orientation line 327, If
the contracting layer 314 is subjected to negative pressure, the holes 328 of the contracting layer
314 may collapse, cansing the contracting laver 314 1o collapse along the second orientation line
329 perpendicular to the first orfentation line 327, If the coniracting layer 314 is positioned on
the tissue surface 1035 of the tissue site 102 so that the first oricmtation Hue 327 coincides with the
opening 120, the contracting layer 314 may generate the closing force 131 along the second
oriciitation line 329 such that the tissue swrface 105 iy contracted in the same direction to
facilitate closure of the opening 120. The closing foree 131 may be optimized by adjusting the
factors described above as set forth in Table § below., In some ermnbodiments, the holes 328 may
be ovular, have a sirut angle {SA) of approximately 47°, a void space percentage {(VS} of about

56%, a fivmmess factor (FF) of 5, a perforation shape factor (PSF) of 1, and an effective diameter
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of abod 7 wim {where the major axis is ahout 10 mm and the minor axis is about 5 ). ihe
confracting laver 314 is subjected to a negative prassure of about ~125 rom Hg, the contracting
layer 314 may assert the "iosiﬁg force 131 of approximately 135N,

[H086] Figure 13A is 3 plan view, iHlustraling additfonal details that may be associated
with some embodiments of a contracting layer 414, The contracting laver 414 may be stmilar o
the contracting laver 114 and operate as described with respect to Figures 1-6. Similar eloments
may have similar reference numbers indexed to 400, For example, the contracting layer 414 is
shows as having a generally rectangular shape including longitudinal edges 432 and latitudinal
cdges 434, The contracting layer 414 may cover the opening 120 in the tissue sorface 105 of the
tigeye site 102, In some embodiments, the contracting laver 414 may have a first orientation line
427 and a second orientation Une 429 that is perpendicular to the first orientation Hue 427, In
sorne embodiments, the first ortentation line 427 and the second orientation line 429 may be used
to refer to the desired directions of contraction for the contracting layer 414, For cxample, if the
first orientation line 427 is oriemed parallel to the opening 120, the desired direction of
confraction may be parallel w the second crientation line 429 and perpendicular 0 the first
orientation line 427, Generally, the contracting layer 414 may be placed at the tissue site 102 so
that the {irst orientation line 427 is perailel to the opening 120 and may cover portions of the
tissue surface 105 on both sides of the opening 120, In some embodiments, the first orientation
line 427 mayv be coincident with the opening 120, The contracting laver 414 may include a
plavality of holes 428 or porforations extending through the contracting layer 414, Tn some
embhodiments, the walls 430 of the holes 428 may extend thwough the comtracting layer 414
parailel o the thickness 126 of the contracting layer 414, In some embodiments, the holes 428
may have a iriangular shape as shown.

[6087] Referring more specifically o Figure 14, a single hole 428 having a triangular
shape is shown. The hole 428 may inclade a center 436, a perimeter 438, and a perforation
shape factor (P3F). In some embodiments, the hole 428 may include a first vertex 460, a second
vertex 462, and a third vertex 464, For reforence, the hole 428 may have an X-axis 442
extending throngh the cenier 436 paralie] to the fwst orientation line 427, and a Y-axis 440
extending through the center 436 parallel to the second orientation Ine 429, In some
embodiments, the perforation shape factor (PSF) of the hole 428 may be defined as a ratio of a

line segment 444 on the Y-axis 440 extending from the center 436 to the perimeter 438 of the
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hole 428, to a line segment 446 on the X-axis 442 extending from the center 436 to the perimeter
438 of the hole 428, If a length of the Hine segment 444 is 1.1 mm and the length of the line
segment 446 is 1 mm, the perforation shape factor (PSF) would be 1.1/1 or abowt 1.1,

[B088] Reforring to Figure 13B, a portion of the contracting laver 414 of Figure 13A g
shown. The contraciing layer 414 may include the plurality of holes 428 ahgned inoa patiern of
parallel rvows. The pattern of parallel rows may include g first row 448 of the holes 428, a second
row 430 of the holes 428, and a third row 452 of the holes 428, The X-axis 442 of Figure 14 of
cach hole 428 may be parallel to the first orientation hine 427 of Figwre 138, In some
embodiments, a first hole 4284 in the first row 448 may be ariented so that the first vertex 460A
of a first hole 428A may be between the first orieniation Hie 427 and & leg of the first hole 4284
opposite the first vertex 460A. A hole 428C that is adjacent the first hole 428A in the first row
448 may be oriented so that the first vertex 460C may be oriented opposite the first hole 428A.

[30389] The cemters 436 of the holes 478 in adiacent rows having the first vertex 460
oriented in a same direction, for example, the fivst row 448 and the second row 450, may be
characterized by being offset from the second orientation lne 429 along the first orientation Hne
427. In some orobodiments, a line convecting the centers of adjacent rows may form a strut
angle {SA) with the first ovientation line 427, For example, a first hole 4284 in the first row 443
may have a center 4364, and a second hole 4288 in the second row 450 may have a center 4368
and a first vertex 4608, A sttt line 454 may conneot the center 4364 with the center 4368,
The strut line 434 may form an angle 436 with the first orientation line 427, The angle 456 may
be the strut angle (SA) of the contracting layer 414, In some embodiments, the strut angle (SA)
may be less than sbout 86°. In other embodiments, the stnut angle (SA) may be between about
40° and about 70° relative to the frst orlentation lme 427, As described above, if negative
pressure 1s applied to the contracting laver 414, the coniracting layer 414 may be more compliant
or compressible n g direction perpendicular to the first orlentation linc 427, By increasing the
compressibility of the contracting layer 414 in a direction perpendicular to the first orientation
line 427, the contracting layer 414 may collapse to apply the closing force 131 to the opening
120 of the tissue sile 102, as described in more detail below.

[8096] Regardless of the shape of the holes 428, the holes 428 in the contracting laver
414 may leave void spaces in the confracting layer 414 and on the surface of the contracting

fayer 414 so that only walls 430 of the contracting lavor 414 romain with a surface available to
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contact the tissue surface 108, I may be desirable to minimize the walls 430 so that the holes
428 may collapss, causing the coniracting layer 414 to generate the closing foree 131 in a
direction perpendicular io the first orientation Hne 427, However, it may also be desirable nol (o
mintmize the walls 430 so much that the contracting layer 414 becomes too fragile for sustaining
the application of a negative pressure. The void space percentage {VS) of the holes 428 may be
equal to the percentage of the volume or surface area of the void spaces created by the holes 428
to the total volome or surface area of the contracting layer 414, In some embodiments, the void
space percentage {VS) may be between about 40% and about 60%. Tn other embodiments, the
void space percentage {(VS) may be about 36%.

[6691] Tn some embodiments, an effective diameter of the holes 428 may be selected to
permit flow of particulates through the holes 428, In some embodiments, each hole 428 may
have an effective diameter of about 7 mm. In other embodiments, cach hole 428 may have an
effective diameter between about 2.5 mm and about 20 mm,

[92] Referring now to both Figures 13A and 3B, the holes 428 may form a patiem
depending on the geometry of the holes 428 and the alignment of the holes 428 between adjacent
and alternating rows in the contracting laver 414 with respect fo the first orientation Hne 427, i
the contracting layer 414 is subjected to negative pressure, the holes 428 of the contracting laver
414 may collapse. In some embodiments, the void space percentage (VS), the perforation shape
factor (PST), and the strut angle (8A) may cause the contracting layer 414 to collapse along the
second orientation line 429 perpendicular to the first oriematioﬁ fing 427. If the contracting layer
414 is positioned on the tissue surface 105 of the tissue site 102 30 that the first orientation line
427 coincides with the opening 120, the contracting Jayer 414 may generaie the closing force 131
along the second orlendation line 429 such that the tissue surlace 105 is contracted in the same
direction to facilitate closure of the opening 120, The closing force 131 may be optimized by
adjusting the factors described above as set forth in Table 1 below. In some embodiments, the
holes 428 may be triangular, bave a strut angle (SA) of approximately 63°, a void space
percertage (V5) of about 40%, 3 fumucss factor (V) of 5, a perforation shape factor (PSF} of
1.1, and an effective diameter of about 10 mm. H the contracting laver 414 is subjected to g
negative pressure of about ~125 nun Hg, the contracting laver 414 may assert the closing force

131 of approsimately 12.2 N
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{8093] Figure 15 is a plan view, illustrating additional details that may be associated with
soaene embodiments of a confracting layver 314, The confracting layer 514 may be similar to the
contracting laver 114 described above with respect to Figures 1-6. The coniracting laver 514
may include stripes 516 having a first density and stripes 318 having a second density. In some
embodiments, the stripes 516 and the steipes 5318 may be vertically oriented relative 1o 2 tissus
site, and in other embodiments, the stripes 516 and the stripes 518 may be horizontally oriented
relative 1o a tssye site. In stitl other embodiments, the stripes 516 and the stripes 318 mway be
oriented af an angle relative to a tissue site. In some embodiments, the second density may be
greater than the first density. In some smbodiments, the second density may be between about 3
tmaes and sbout § {imes grester than the first density. o some embodiments, the contracting
faver 514 mav be formed from a foam, similar t0 GranuFoam®. In some embodiments, the
stripes 518 may be formed by compressing portions of the foam. For example, the stripes 516
may be an uncommpressed foam, and the sivipes 518 may be a compressed foam having a firmmess
factor of about 3. Generally, the siripes 516 may be more compressible than the steipes 518, I
the contracting laver 514 s placed under a negative-pressure, the stripes 516 may collapse before
the stripes 518, In some embodiments, if the stripes 516 collapse, the contracting layer 514 may
compress perpendicolar o the siripes 516,

180841 A closing foree, such as the closing force 131, penerated by a contracting laver,
such us the contracting layer 114, may be related to a compressive force generated by applying
negative pressure at a therapy pressure o a sealed therapeutic environment. Por example, the
closing force 131 may be proportional fo a product of a therapy pressure (TP} in the sealed
therapeutic envivonment 118, the compressibility factor (CF) of the contracting layer 114, and a
surface arca (A) of the contracting laver 114, The relationship s expressed as follows:

Closing force o (FP*CF ¥ A)

B095] In some embodiments, the therapy pressure TP ju measwred in N/m’, the
compressibility factor (CF) is dimensionless, the area (A) is measured in m’, and the closing
force 18 measured ju Newions (N3 The compressibility factor (CF) resulting from the
application of negative pressure to a condracting layer mav be, for example, a dimensionless
number that is proportional to the prodoct of the void space percentage {(VS) of a contracting

layer, the firmness factor (FE) of the contracting layer, the sirut angle (SA) of the holes in the

Lad
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contracting layer, and the perforation shape factor (PSF) of the holes in the comdracting layer.
The relationship is expresaed as follows:
Compressibility Factor (CFy ¢ (V5 * FE* sin(8A) * PSE)

{1396] Based on the sbove formulas, contracting layers formed from different materials
with holes of different shapes were manufactured aod fested to determine the closing force of the
contracting layers., For esch contracting layer, the therapy pressure TF was about -1235 mmbg
and the dimensions of the contracting laver were about 200 mm by sbowt 33 oum so that the
surface area {A) of the contracting layer was about 106 con® or 6.0106 m°. Based on the twe
squations deseribed above, the closing foree for o Supracor® confracting laver 114 having a
firmmess factor {FF) of 3 was about 13.3 where the Supracor® confracting layer 114 had
hexagonal holes 128 with a distance between opposite verlices of 5 mm, a perforation shape
factor {PSF) of 1.07, a strut angle (SA) of approximately 66°, and 3 void space percentage {(VE)
of abowt 55%. A similarly dimensioned GranuFoam® contracting laver 114 generated the

closing force 131 of about 8.1 Newtons (N},

TABLE S

Material ¥8 | FF | 8A Hole Shape PRF Major diam. {mon) Closing foree
GranuFoam® | 58 3 47 Ovular 1 16 i35
Supracor® 35 3 65 Hexagon i1 5 133
GrappFoam® | 40 3 a3 Triangfe i1 16 12.2
CraneFoam® | 54 b1 37 Circutar 1 ) 1.9
GranuFoam® | 352 5 37 Cireular 1 20 103
GreyFoam | M/A | 5 | WN/A | Hovzontal stripes | N/A N/ 8.2
GranaFoam® | 35 5 &6 Hexagon 1.1 3 9.1
CGranuFfoam® | N/A | 8 N/A | Horizontal stripes | MN/A NfA 8.8
Loteloam 52 3 37 Circular i 10 8.4
Granubeam® | 32 5 37 Cirenlar i 18 LRE
GranuFoam® | 52 3 &4 Cireular i 18 77
GrapuFoam® | 56 5 &6 Hexagon i1 10 7.5
Grey Foam | N/A ¢ 3 | N/A | Horvizontal stripes | W/A M/ A 7.2
Zotefoars 52 3 32 Ciroular i 20 6.8
GrapuFoam® | N/A 3 1 WA | Horlzoptal Staping | N/A N/A 5.6
GrawuFoam® | 32 5 52 Civcular i 20 6.5
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GranaFoam® | NA | 5 | N/A Vertical Siripes N/A NYA 6.1
GrapuFoam® | WA | 1 | WA None NIA MNIA 5.8
Gragafoam® | WA | 3 1 WA Vertloal siripes N/A WA 3.6
GrapaFoam® | 52 1 37 Mone 1 10 35

(0977 In some crwbodiments, the formolas deseribed above may not precisely describe
the closing forces due to fossea in force duc to the transtor of the fores from the confracting laver
to the wound. For example, the modulus and stretching of the cover 112, the modulus of the
issue site 102, slippage of the cover 112 over the tissue site 102, and friction between the
protective layer 116, the confracting laver 114, and the tissue surface 105 of tissue site 102 may
cause the antual value of the closing force 131 to be less than the caloulated value of the closing
force 131,

{8098} In some embodiments, the material, the void space percentage (VS}, the firmmness
factor, the strut angle, the hole shape, the perforation shape factor {(PSF), and the hole diameter
mway be selected {o inorease compression or collapse of the contracting laver 114 in a lateral
direction, as shown by the closing force 131, by forming weaker walls 130, Conversely, the
factors may be selected to decrease compression or collapse of the contracting laver 114 na
lateral divection, as shown by the closing force 131, by forming stronger walls 130, Similarly,
the factors described herein can be selected to decrease or increase the compression or collapse
of the contracting fayer 114 perpendicular to the closing force 131,

{13997 The systems, apparatuses, and methods described hersin may provide sigmificant
advantages, For example, closing forces generated by the described contracting lavers meet or
exceed other contracting layers designed for & similar purpose, The deseribed contracting layers
may also assist in closwre of an fucisional tssue site by distributed force slong a length of the
incistonal opening, reducing potential frawma that may be caused by point Inading such as with
sutnres, staples or hooks.

BRG] While shown in a fow hustrative embodiments, & person having ordinary
skill in the art will recognized that the systems, apparatuses, and methods described herein are
susceptible to various changes and modifications. Moreover, deseriptions of various alicmatives

using terms such as “or” do not require mutual exchisivity onless clearly required by the context,

o8
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and the indefinite articles ™a” or "an” do not Umit the subject to a single instance unless clearly
reguired by the context

{60101} The appended claims set forth novel and inventive aspects of the subject
matter described above, but the claims may also encompass additional subject matter not
specifically recited in detail. For example, certain features, elements, or aspects may be omitted
fromn the claims if notl necessary to distinguish the novel and Inventive features from what s
already known to a person having ordinary skill in the art.  Features, clements, and aspects
deseribed herein may also be combined or replaced by alternative features serving the same,
equivalent, or similar purpose without departing from the scope of the invention defined by the

gppended claims.



CLAIMS

1. A system for closing an opening through a surface of a tissue site, the system comprising:

a sealing member configured to cover the opening to form a sealed space;

a negative-pressure source configured to be fluidly coupled to the sealed space to provide
negative pressure to the sealed space;

a protective layer configured to be positioned over the opening; and

a contracting layer configured to be positioned between the protective layer and the sealing
member, the contracting layer comprising:

a material having a firmness factor, the firmness factor being a ratio of a compressed
density of the material in a compressed state to an uncompressed density of the material in an
uncompressed state, and

a plurality of holes extending through the contracting layer to form a void space, the
holes having a perforation shape factor, the perforation shape factor being a ratio of half a
maximum length of one of the plurality of holes in a second orientation to half a maximum
length of the hole in a first orientation perpendicular to the second orientation, and a strut angle,
the strut angle being an angle formed by a line connecting centers between adjacent holes in
adjacent rows and the first orientation, the plurality of holes being positioned in multiple rows
in the first orientation and multiple columns in the second orientation, the plurality of holes
being configured to collapse in the second orientation perpendicular to the opening in response
to application of the negative pressure, wherein the contracting layer generates a closing force
substantially parallel to the surface of the tissue site in the second orientation to close the

opening in response to application of the negative pressure.

2. The system of claim 1, wherein the plurality of holes have an average effective diameter

of about 5 mm.

3. The system of claim 1 or claim 2, wherein the plurality of holes are formed in two or

more parallel rows.

34
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4. The system of any one of claims 1 to 3, wherein the strut angle is about 90 degrees.

5. The system of any one of claims 1 to 3, wherein the strut angle is less than about 90
degrees.
6. The system of any one of claims 1 to 5, wherein the perforation shape factor of each

hole is less than about 1.

7. The system of any one of claims 1 to 6, wherein a thickness of the contracting layer is

about 15 mm.

8. The system of any one of claims 1 to 7, wherein the firmness factor is about 5.
9. The system of any one of claims 1 to 7, wherein the firmness factor is about 3.
10.  The system of any one of claims 1 to 9, wherein a shape of each hole of the plurality of

holes is hexagonal.

11.  The system of any one of claims 1 to 9, wherein a shape of each hole of the plurality of

holes is elliptical.

12.  The system of any one of claims 1 to 9, wherein a shape of each hole of the plurality of

holes is circular.

13.  The system of any one of claims 1 to 12, wherein the contracting layer comprises a

compressed foam.

14.  The system of any one of claims 1 to 12, wherein the contracting layer comprises a

felted foam.

15.  The system of any one of claims 1 to 12, wherein the contracting layer comprises a 3D

spacer fabric.
16.  The system of any one of claims 1 to 12, wherein the contracting layer comprises a

thermoplastic elastomer.
35
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17.  The system of any one of claims 1 to 12, wherein the contracting layer comprises a

thermoplastic polyurethane.

18.  An apparatus for closing an opening through a surface of a tissue site, the apparatus
comprising:

a contracting layer configured to be positioned over and adjacent the opening and
formed from a material having a firmness factor, the firmness factor being a ratio of a
compressed density of the material in a compressed state to an uncompressed density of the
material in an uncompressed state, and a plurality of holes extending through the contracting
layer to form a void space;

wherein the holes have a perforation shape factor, the perforation shape factor being a
ratio of half a maximum length of one of the plurality of holes in a second orientation to half a
maximum length of the hole in a first orientation perpendicular to the second orientation, and a
strut angle, the strut angle being an angle formed by a line connecting centers between adjacent
holes in adjacent rows in the first orientation, the plurality of holes being positioned in multiple
rows in the first orientation and multiple columns in the second orientation, the plurality of
holes being configured to collapse in the second orientation perpendicular to the opening in
response to application of a negative pressure; and

wherein the contracting layer generates a closing force substantially parallel to the surface
of the tissue site in the second orientation to close the opening in response to application of the

negative pressure.

19.  The apparatus of claim 18, wherein the plurality of holes have an average effective

diameter of about 5 mm.

20.  The apparatus of claim 18 or claim 19, wherein the plurality of holes are formed in two

or more parallel rows.
21.  The apparatus of any one of claims 18 to 20, wherein the strut angle is about 90 degrees.

22.  The apparatus of any one of claims 18 to 20, wherein the strut angle is less than about

90 degrees.
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23.  The apparatus of any one of claims 18 to 22, wherein the perforation shape factor of

each hole is less than about 1.

24.  The apparatus of any one of claims 18 to 23, wherein a thickness of the contracting layer

is about 15 mm.
25.  The apparatus of any one of claims 18 to 24, wherein the firmness factor is about 5.
26.  The apparatus of any one of claims 18 to 24, wherein the firmness factor is about 3.

27.  The apparatus of any one of claims 18 to 26, wherein a shape of each hole of the plurality

of holes is hexagonal.

28.  The apparatus of any one of claims 18 to 26, wherein a shape of each hole of the plurality
of holes is elliptical.

29.  The apparatus of any one of claims 18 to 26, wherein a shape of each hole of the plurality

of holes is circular.

30.  The apparatus of any one of claims 18 to 29, wherein the contracting layer comprises a

compressed foam.

31.  The apparatus of any one of claims 18 to 29, wherein the contracting layer comprises a

felted foam.

32.  The apparatus of any one of claims 18 to 29, wherein the contracting layer comprises a

3D spacer fabric.
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33.  The apparatus of any one of claims 18 to 29, wherein the contracting layer comprises a

thermoplastic elastomer.

34.  The apparatus of any one of claims 18 to 29, wherein the contracting layer comprises a

thermoplastic polyurethane.
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