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DEBRIDING DRESSING FOR USE WITH NEGATIVE PRESSURE AND FLUID
INSTIRLATION

{6861} The present invention claims the benefit, under 35 USC § 119{e), of the filing
of U.8. Provisional Patent Application serial nuraber serial number 61491134, entitled
“Debridiog Dressing for use with Negative Pressure and Fluid Instillation,” by Locke et al,,

filed May 9, 2014, which is incorporated herein by reference for all purposes.
TECHNICAL FIELD

{00021 The invention set forth in the appended claims relates generally to tssue
treatment systeras and more particularly, but without Himitation, to a dressing for debriding a

tissue site,
BACKGROUND

{0683} Clinical studies and practice have shown that reducing pressure in proximity
to a fissue sie can sugment 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 wonnds. Repgardless of the eticlogy of a wound, whether trauma, surgery, or
another cause, proper care of the wound is importard to the outcome. Treatment of wounds
or other Hssue with reduced pressure may be commonly referred 1o a8 “negative-pressure
therapy,” but is alse known by other names, inchiding “negative-pressure wound therapy,”
“reduced-pressure therapy,” “vacuum therapy,” and “vacuum-assisted closure,” for example.
Negative-pressure  therapy may provide a number of benefits, including migration of
epithelial and suboutansous tssues, improved blood flow, and micro-deformation of tissue at
a wound site. Together, these benefits can increase development of granulation tissue and
reduce healing tines.

{80841 While the clinical benefits of negative-pressure therapy are widely known, the
cost and complexity of negative-pressure therapy can be a Hmiting factor In s appHeation,
and the development and operation of negative-pressure svstems, componens, and processes
continpe to presert significant challenges to manufacturers, healthcare providers, and

patients.
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BRIFF SUMMARY

[0885] Mew and uselul systems, apparatuses, and methods for debriding tissue in a
negative-pressure therapy environment are set forth in the appended claims. Tiustrative
embodiments are also provided to enable s person skilled in the art fo make and use the
claimed subject matter. For example, a systen is described herein that includes a manifold
adapted to deliver negative pressure to the tissue site. The system may also include g cover
adapted {o form a sealed space over the manifold and the tissue site for receiving a negative
pressure from a negative-pressure source, The system can further include a debridement tool
positioned between the manifold and the tissue site. The debridement tool may have a tissue-
facing surface and an opposite surface and a plurality of holes extending therebetween, The
holes can be separated from each other by walls, which may have transverse surfaces
extending between the tissne-facing surface and the opposiie sorface. The tramsverse surfaces
may form cutiing edges with the tissue-facing surface. The holes may have a perforation
shape factor that allows the heles to collapse from a relaxed position to a contracted position
in response to the application and removal of negative pressure to the sealed space. The
cutting edges can debride the tissue site in response to movement of the debridermnent tool
between the relaxed position and the contracted position.

{6006] Alternatively, another example erubodiment inchides an apparatus debriding a
tissue site. The apparatus may include a debridement tool having a tissue~facing swface and
an opposite surface including a phwality of holes extending thercbetween. The holes may be
scparated from each other by walls, and the walls may have transverse surfaces extending
between the tssue-facing surface and the opposite surface that form cutting edges with the
tissue-facing surface. The holes may have a perforation shape factor that allows the holes to
collapse from a relaxed position to a confracted position in response to the application and
removal of negative pressure, The cutting edges cap debride the tissue site in response to
movement of the debridement tool between the relaxed position and the contracted position.

{8007} A method 1s also described herein, wherein some example embodiments
include a method for debriding a tissue site. Tn some embodiments, a debridement tool may
be positioned so that a tissue-facing swrface of the debridement tool is adjacent to and
covering the tissue site, The debridement tool may have a plurality of holes extending
between the tissue-facing surface and an opposite surface that are separated from each other
by walls. The walls may have transverse surfaces extending between the tissue-facing

sorface and the opposite surface that form cutting edges with the tissue-facing surface. The
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holes may have a perforation shape factor and a strut angle that aliows the holes to collapse
from a relaxed position to a contracted position generally perpendicular 1o 8 line of symmetry
of the debridement tool. A sealing member may be positioned over the debridement tool and
sealed to tissue surrounding the tissue site to form a sealed space having the debridement tool
therein. A negative-pressure source may be fluidly coupled to the sealed space and negative
pressure may be supplied to the sesled space to contract the debridement tool, Negative
pressure mway be vented from the sealed space to expand the debridement tool.

[B0UB] A system for treating a fissues site i3 also described hersin.  The system can
include a manifold adapted to deliver negative pressure to the tissue site and having a first
firmmness factor. The gystem can also include 2 cover adapied to form a sealed space over the
manifold and the tissue site for receiving a nogative pressure from a negative-pressure source,
I some embodiments, the system can include a tissue interface adapted to be positioned
between the manifold and the tissue site. The tissue inferface can have a second firmness
factor that is greater than the first firmness factor and 8 plorality of holes separvated from each
other by walls.

10809] Objectives, advantages, and a preferred mode of making and using the claimed
subject matter may be understood best by reference to the accompanving drawings in

conjunction with the following detailed description of illustrative embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

106161 Fignre 1 is a sectional section view with a portion shown in glevation,
illustrating details that may be associated with some embodiments of a negative-pressure
therapy system;

{611} Figure 1A is a detall view of g portion of the negative-pressure therapy system
of Figure 1;

{0012} Figore 2 18 a plan view, illustrating details that may be associated with some
embodiments of a debridement tool of the negative~-pressure therapy system of Figure 1 ina
first position;

{0013} Figwre 3 is a schemafic view, ilustrating details that may be associated with
some embodiments of a hole of the debridement tool of Figure 2;

[6014] Figure 4 is a plan view, Hlustrating details that may be associated with some
embodiments of the holes of the debridement tool of Figure 2;

{M15] Figure 5 is s plan view, illustrating details that may be associated with some
embodiments of the debridement tool of Figure 2 in a sccond position;

{0016} Figure 6 is a plan view, illustrating details that may be associated with some
embodirsents of another debridement fool of the negative-pressure therapy system of Figure
i

{0017} Figure 7 is a schematic view, illustrating details that may be associated with
some embodiroents of a hole of the debridement tool of Figure 6;

[0818] YFigure & is a plan view, llustrating details that soay be associated with some
erobodiments of the holes of the debridement tool of Vigure 6;

[0619] Figure 9A is a plan view, Hlustrating details that may be associated with some
erabodiments of another debridement tool of the negative-pressure therapy system of Figure
i

H20] Figure Y8 5 a plan view, illustrating details that may be associated with some
cmbodiments of the holes of the debridament tool of Figure 94

021} Figure 14 1s a schematic view, iHustrating details that may be associated with
somme embadiments of a hole of the debridement tool of Figure 9A having a perforation shape
factor

{0022] Figore 11 is a schematic view, Hlustrating details that may be associated with
soine embodiments of 8 hole of the debridement tool of Figure 9A having another perforation

shape factor;
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{60231 Figure 12 is a schomatic view, illustrating details that mav be associated with
some embodiments of a hole of the debridement tool of Figure 8A haviog another perforation
shape factor;

I0024] Figure 13A is a plan view, illustrating details that may be associated with
some embodiments of another debriderent tool of the negative-pressure therapy systern of
Figure 1;

{G025] Figure 138 is a plan view, illustrating details that may be associated with
some embodiments of the holes of the debridement tool of Figure 134,

{026] Figure 14 is a schematic view, illustrating details that may be associated with
some embodiments of a hole of the debridement tool of Figure 13A; and

{0027] Figure 15 is a plan view, illusirating details that may be associated with some
embodiments of another debridement tool of the negative-pressure therapy system of Figure

1.
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DESCRIPTION OF FXAMPLE EMBODIMENTS

{8028} The following description of example embodiments provides information that
enables a person skilled in the art to make and use the subject matter set forth in the appended
claims, but may omit certain details already well-known in the art. The following detalled
description is, therefore, to be taken as iHustrative and not lmiting.

[6629] The example embodiments may also be described herein with reference to
spatial relationships between varions elements or o the spatial orientation of various
elements depicted in the attached drawings. In general, such relationships or orientation
assume a frame of reference consistent with or relative to a patient in a position o receive
treatment.  However, as should be recoguized by those skilled in the art, this frame of
reference is merely a descriptive expedient rather than a sirict preseription.

{0638] Figure ! is a sectional view with & portion shown in elevation, of an example
embodiment of a therapy system 100 that can provide negative pressure therapy, instillation
of wopical treatment sohstions, and debridement in accordance with this specification. The
therapy system 100 may include a dressing and a negative-pressure source. For example, a
dressing 102 may be fluidly coupled to a negative-pressure source 104, as illustrated in
Figure 1. Figure 1A is a detail view of a portion of the therapy svstern 100 of Figure 1. As
shown in Figure 1 and Figure 1A, the dressing 102, for example, includes a cover 106, and a
tissue interface 107 for positioning adjscent or proximate a tissue site such as, for exanple, a
tfissue site 103, In some embodiments, the tissue interface 107 may be a manifold, for
example, a manifold 108. In some embodiments, the tissue interface 167 may be a tissue
removal tool, such as a debridement tool 110 having 8 tissue-facing swrface 111 adapted to
face the tissue site 103 and an opposite surface 113 adapted fo face, for example, the
mamfold 108, In still other embodiments, the tissue interface 107 may be both the
debridement tool 110 and the manifold 108, The therapy systern 100 may also include an
exudate contaimer, such as a container 112, coupled to the dressing 102 and o the negative-
pressure source 104, In some embodiments, the container 112 may be fluidly coupled to the
dressing 102 by a connector 114 and a tube 116, and the container 112 may be fluidly
coupled to the negative-pressure source 104 by atube 118,

{031] In some embodiments, the therapy aystemn 100 may also nclude an
instiliation solution source. For example, a fluid source 120 may be fluidly coupled to the
dressing 102 by a tubce 122 and a connector 124, as illustrated in the example embodiment of

Figure 1.
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160321 In general, components of the therapy systern HH may be coupled divectly
or indivectly. For example, the negative-pressure source 104 may be directly coupled to the
container 112 and indivectly coupled to the dressing 102 through the container 112,
Components may be fluidly coupled to each other o provide a path for transferring fhuds
{i.e., liquid snd/or gas) between the components.

{3033}  In some emsbodiments, for example, components may be fuidly coupled
through a tube, such as the tube 116, the tube 118, and the twbe 122, A “ube,” a5 used
herein, broadly refers 1o a tube, pipe, hose, conduit, or other structure with one or more
lumina adapted to convey a fluid between two ends. Typically, a tube is an clongated,
cylindrical structure with some flexibility, but the geometry and rvigidity may vary. In some
embodiments, components may additionally or alternatively be coupled by virtue of physical
proximity, being integral to a single structure, or being formed from the same piece of
material. Coupling may also include mechanicsd, thermal, electrical, or chemical coupling
{such as a chemical bond} in some contexts,

[B834] A "connector,” such as the connector 114 and the connector 124, may be used
to fluidly couple a tube fo a sealed therapeutic environment. The negative pressure
developed by a negative-pressure source may be delivered through a tube to a connector. In
one illustrative embodiment, a conmector may be a TRAC® Pad or Sevsa TR.ACE Pad
available from KCI of San Antonio, Texas. In one exemplary embodiment, the connector
114 may allow the negative pressure generated by the negative-pressure source 104 to be
delivered to the sealed therapeutic envivonment 128. In other exemplary embodiments, a
connector may also be a tube inserted through 2 drape. In one exemplary embodiment, the
connector 124 may allow fluid provided by the fluid source 12 to be delivered to the sealed
therapeutic environment 128,

[6835] 1o operation, the tissue interface 107 may be placed within, over, on, or
otherwise preximate to the fissue site 103, The cover 106 may be placed over the tissue
interface 107 and sealed to tissue near the tissue site. For example, the cover 106 may be
sealed to undamaged epidermis peripheral 10 a tissue site, also known as peritissue. Thus, the
dressing 102 can provide a scaled therapeutic enviromment 128 proximate to a tissue site,
substantially isclated from the external environment, and the nepative-pressure source 104
can reduce the pressure in the sealed thorapeutic environment 128, Negative pressure applied
across the fissue eite 103 through the tissue interface 107 in the sealed therapeutic

environment 128 can induce macrosirain and microstrain in the fissue site 103, a5 well as
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remove exudates and other fhads from the tissue site 103, which can be collected in container
112 and disposed of properly.

[8836] The fluid mechanics of using a negative-pressure source to reduce prossure
in ancther component or Jocation, such as within a sealed therapeutic environment, can be
mathematically complex. However, the basic principles of fluid mechanics applicable to
negative-pressure therapy and instillation are generally well-known to those skilled in the art.

{6637} In general, fluids flow toward lower pressure along a fluid path. Thus, the
termn “downstream” typically refers to a position in a fluid path that is closer 1o a source of
negative pressure or alternatively further away from a3 source of positive pressure.
Conversely, the term “opstream” refers to a position in a fluid path further away from a
source of negative pressure or closer to a source of positive pressure. Similarly, @ may be
convenient to describe certain features in terms of fluid “inlet” or “outlet” in sach a frame of
reference, and the process of reducing pressure may be described illustratively herein as
“delivering,” “distributing,” or “generating” reduced pressure, for example. This orientation
is generally presumed for purposes of describing various features and components of systems
herein.

{0638]  The term “Hasue siie,” such as the tissue site 103, in this context broadly
refers to a wound or defect located on or within tissue, including but not Hmited fo, bone

tissue, adipose tissue, muscle tissue, neural fissue, dermal tissue, vascular tissue, connective
tissue, cariflage, fendons, or lgaments. A wound may mclude chronic, acute, traumatic,
subacute, and dehisced wounds, partial-thickness burns, ulcers {such as diabetic, pressure, or
venous insufficiency ulcers), flaps, and grafis, for example, The term “tissue site” may also
refer to areas of fissue that are not necessartly wounded or defective, but are instead areas in
which it may be desirable 10 add or promote the growth of additional tissue. For example,
negative pressure may be used in certain tissue areas 1o grow additional tissue that may be
harvested and fransplanted o another tissue location.

{391 “Negative pressure” generally refers to g pressure less than a local ambient
pressure, such as the ambient pressure in 3 local environment external to a sealed therapeutic
environment provided by the dressing 102, In many cases, the local ambient pressure may
also be the abmospheric pressure at which a tissae site is located, AHlernatively, the pressure
may be less than a hydrostatic pressure associated with tissue at the tissue site. Unfess

otherwise indicated, values of pressure stated herein are gauge presswres.  Similarly,
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references to increases in negative pressure typieally refer ko a decrease in absolute pressure,
while decreases in negative pressure typically refer to an increase in absolute pressure.

{08401 A negative-pressure souree, such as the negative-pressure source 104, may
be a reservoir of air at a negative pressure, or may be a maoual or electrically-powered device
that can reduce the pressure in a sealed volume, such as a vacuum pump, a suction pump, a
wall suction port available at many healtheare facilities, or a micro-pump, for example. A
negative-pressure  source may 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 facilifate pegative-pressure therapy.
While the amount and pature of negative pressore appiied io 2 tissue site may vary according
to therapeutic requirements, the pressure is generally a low vacuum, also commonly referred
1o as a rough vacuum, between -5 vumHg (-667 Pa) and -500 mmHg (-66.7 kPa). Common
therapeutic ranges are be{weaﬁ -75 ramHg (9.9 kPa) and -300 mmHg (-39.9 kPa).

{6841] The tissue inferface 107 can be generally adapted to contact a tissue site,
‘The tissue interface 107 may be partially or fully in contact with the tissue site. If the tissue
site 1§ a wound, for example, the tissue interface 107 roay partially or completely Gl the
wound, or may be placed over the wound. The fissue interface 107 may take many forms,
and may have many sizes, shapes, or thicknesses depending on a variety of factors, such as
the type of freatment being implemented or the natore and size of & tissue site. For example,
the size and shape of the tissue interface 107 may be adapied to the contours of deep and
irregular shaped tissue sites. In some embodiments, the tissue interface 167 may be provided
tn a spiral cut sheet. Moreover, any or all of the surfaces ol the tissue interface 107 may have
an uneven, coarse, or jagged profile that can induce microstrains and stresses at a tissue site,

{66427  In some embodiments, the tissue interface 107 may be a manifold, such as
the manifold 108, A "manifold” in this comtext generally includes any substance or structure
providing a plarslity of pathways adapted to collect or distribote fhuid across a tissoe site
under negative pressure.  For example, a manifold may be adapted to receive negative
pressure from a source and distribute the negative pressure through muitiple apertures across
a tissue site, which roay have the effect of collecting fluid from across a tissue site and
drawing the flnid toward the source. In some embodiments, the fluid path may be reversed or
a secondary fluid path may be provided to facilitate delivering fhuid across a tissue site.

[6043] In some illustrative embodiments, the pathways of 3 manifold may be

channels interconnecied to mmprove distribution or collection of fluids across a tissue site.
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For example, cellular foam, open-cell foam, reticnlated foam, porous tissue collections, and
other porous material such as gauze or felted mat generally include pores, edges, and/or walls
adapted to form interconnected fluid pathways. Liguids, gels, and other foams may also
inchede or be cured to include apertures and flow champels.  In some llustrative
embodiments, 8 manifold may be a porous foam material having interconnected celis or pm‘és
adapted to urdformly {or guasi-unifonmly} disiribute negative pressure fo a tissue stie. The
foam material may be either hydrophobic or hydrophilic. The pore size of a foam material
may vary according to needs of a prescribed therapy. For example, in some embodiments,
the manifold 108 may be g foam having pore sizes in a range of about 400 microns to about
600 microns. The tensile strength of the manifold 108 may alse vary according to needs of a
preseribed therapy,  For example, the tensile strength of a foam may be increased for
instillation of topical treatment solutions.  In one non-limiting example, the manifold 108
may be an open-cell, reticulated polyurethane foam such as GranuFoarn® dressing available
from Kinetic Concepts, Ine. of San Antonio, Texas; in other embodiments the manifold 108
may be an open-cell, reticulated polyurethane foam such as a VeraFlo® foam, also available
from Kinetic Concepts, Inc., of San Antonio, Texas,

00441 In an example in which the tissue interface 107 may be made from a
hydrophilic material, the tissue nterface 107 may also wick fluid away from g tissue site,
while continuing to distribuie negative pressure to the tissue site. The wicking properties of
the tissue interface 107 may draw fluid away from a tissue site by capillary flow or other
wicking mechanisms. An example of a hydrophilic foam is a polyvinyl aleohol, open-cell
foam such as V.A.C. WhiteFoarn®™ dressing available from Kinetic Concepts, Inc. of San
Antonio, Texas. Other hydrophilic foams may inchsde those made from polyether. Other
foams that may exhibit hydrophilic characteristics include hydrophobic foams that have been
treated or coated to provide hydrophilicity,

18045] In some embodiments, the tissue interface 107 may be constructed from
bioresorbable materials, Suitable bioresorbable materials may inchude, without bmitation, a
pelymeric blend of polylactic acid (PLA) and polvelyeolic acid (PGA). The polymeric blend
may also include without Hmitation polycarbonates, polyfumarates, and capralactones. The
tissue interface 107 may further serve as a scaffold for new cell-growth, or a scaffold material
may be used in conjunction with the tissue interface 107 1o promote cell-growth. A scaffold
is generally a substance or structure used to emhance or promote the growth of cells or

formation of tissue, such as a three~-dimensional porons strocture that provides a template for
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cell growth, Hlustrative examples of scaffold materials inchude calehum phosphate, collagen,
PLA/PGA, coral hydroxy apatites, carbonates, or processed allograft materials.

[6846] In some cmbodiments, the cover 106 may provide a bacterial barrier and
protection from physical trauma. The cover 106 may also be a sealing member constructed
from a material that can vedoce evaporative losses and provide a fluid seal between two
components or two environments, such as between a therapeutic environment and a local
external environment. The cover 106 may be, for example, an elastomeric film or membrane
that can provide g seal adequaie to maintain a negative pressure at a tissue site for a given
negative-pressure souree, In some example embodiments, the cover 106 may be a polymer
drape, such as a polyurethane film, that is permeable to water vapor but impermesble to
Lquid. Such drapes typically bave a thickness in the range of about 25 microns o about 50
microns. For permeable materfals, the permesbility generally should be low enough that a
desired negative pressure may be maintained.

(80647}  An atlachment device may be used to attach the cover 106 to an attachment
surface, such as undamaged epidermis, a gasket, or ancther cover. The attachment device
may take many forms. For example, an attachment device may be a medically-acceptable,
pressure-sensitive adhesive that extends about a periphery, a portion, or an entire sealing
member, In some embodiments, for exarple, some or all of the cover 106 may be coated
with an acrylic adhesive having a coating weight between about 25 grams per square meter
{gsm) to about 65 gsm. Thicker adhesives, or combinations of adhesives, may be applicd in
some embodiments to improve the seal and reduce leaks. Other example embodiments of an
attachment device may include a double-sided tape, pasie, hydrocolloid, hydrogel, silicone
gel, or organogel,

{3848} The contaiver 112 is represcutstive of a container, candster, pouch, or other
storage component that can be used to manage exudates and other fluids withdrawn from a
tissue site. In many enviropments, a rigid container may be preferred or required for
collecting, storing, and disposing of fluids. In other environments, fluids may be properly
disposed of without rigld contajver storage, and a re-usable container could reduce waste and
costs associated with negative-pressure therapy.

{00491 The fludd source 120 may be represemtative of a container, canister, pouch,
bag, or other storage compovent that can provide a solution for instillation therapy.
Compositions of solutions may vary according to prescribed therapy, but examples of

solutions that are suitable for some prescriptions include bypochlorite-based sclutions, silver
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nitrate {6.5%), sulfur-based solutions, biguanides, cationic solutions, and isotonic solutions,
In some embodiments, a flud source, such as the fhuid source 120, may be a reservoir of fluid
at an atmospheric or greater pressure, or may be a mamual or electrically-powered device,
such as a pump, that can convey fluid to a sealed volume, such as the sealed therapeutic
environment 128, for example. In some embodiments, a fluid sowrce may include a
peristaltic pump.

[0858]  Some tissue sites may not heal according o the normal medical protocol and
may develop areas of necrotic tissne. Neorotic tissue may be dead tissue resulting from
ir;ﬁzoﬁan, toxins, or trawma that caused the tissue to die faster than the tissue can be removed
by the normal body processes that regulate the removal of dead tissue. Sometimes, necrotic
tissue woay be in the form of slough, which may include s viscous liquid mass of tissue,
Generally, slough is produced by bacterial and fungal infections that stimulate an
inflammatory response in the tissue. Slough may be a creamy vellow color and may also be
referred to as pus. As shown in Figure 1, slough, such as slough 130, may cover all or a
portion of the tissue site 103, Neorotic tissue may also include eschar, such as eschar 132,
Eschar 132 may be a portion of necrotic tissue that has become dehydrated and hardensd.
Eschar 132 may be the result of a burn mjury, gangreve, uloors, fimgal infections, spider
bites, or anthrax. Eschar may be difficult 1o move withoul the use of swrgical cutting
mnstruments. Necrotic tissue can also include thick exudate and fibrinous slough,

{0051} 11 2 tissue site develops necrotic tissue, the fissue site may be treated with a
process called debridement. Debridement may melude the removal of dead, damaged, or
infected material, such as thick exudate, fibrinous slough, the slough 130 or the eschar 132,
from a tissue site. In some debridement processes, a mechanical process is used to remove
necrotic tissue,  Mechanical processes may include using scalpels or other cutting tonls
having a sharp edge to cut away the necrotic tissue from the tissue site.  Typically,
nmechanical processes of debriding a tissue site may be painful and may reguire the
application of local anesthetics,

{0052} Debridement may also be performed with an autolytic process. An autolytic
process may involve using enzymes and moisture produced by a tissue site to soften and
Hiquely the necrotic tissue. Typically, 8 dressing may be placed over a tissue site having
necrotic fissue so that fluid produced by the tissue site may remain in place, hydrating the
necrotic tissue.  Autolytic processes can be pain-free, but avtolytic processes are a slow and

can {zke many days. Because autolytic processes are slow, autolytic processes may alse
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involve many dressing changes. Sowe autolytic processes may be paired with negative-
pressure therapy so that, as necrotic tissue hydrates, negative pressurs supplied io a tissue site
may draw off the removed necrotic tissue. In some cases, a manifold positioned at a tissue
site o distribute nogative~-pressure across the tissue stfe may become blocked or clogged with
necrotic tissue broken down by an autolytic process. If a manifold becomes clogged,
negative-pressure may notl be able fo draw off necrotic tissue, which can slow or stop the
autolytic process.

{0053} Debridement may also be performed by adding enzymes or other agents to the
tissue site. The enzymes digest tissue. Oten, sirict control of the placement of the enzymes
and the length of tioe the enzymes are in contact with a tissue site woust be maintaived. I
enizymes are left on the lssue site for longer than needed, the enzymes may remaove too much
tissue, contaminate the tissue site, or be carried to other arcas of a patient. Once carried to
other areas of a patient, the enrymes may bresk down undamaged tissue and cause other
complications.

{154} These limitations and others may be addressed by the therapy system 104,
which can provide negative-pressure therapy, instillation therapy, and debridement. For
example, in sorne embodiments of the therapy system 100, a negative-pressure source may be
fluidly coupled to a tissue site to provide negative pressure to the tissue sife for negative-
pressure therapy. In some embodiments, g Huid source may be fluidly coupled to a tissue site
to provide therapeutic fhid to the tissue site for instillation therapy. In some ernbodiments,
the therapy system 100 may include a debridement tool positioned adjacent to g tissue site.
In some embodiments of the therapy system 100, a debridement tool may be used with
nsgative-pressure therapy and instillation therapy to debride areas of a tissue site having
necrotic Hssue.

[8055] The therapy system 100 may be used on the tissue site 103 having the slough
130 and the eschar 132, In some embodiments, the debridement tool 110 may be positioned
adjacent to the tissue gite 13 o that the debridement (ool 110 is tn contact with the slough
130 and the eschar 132, In some embodiments, the manifold 108 may be positioned over the
debridement tool 110, In other embodiments, if the tissue site 103 has & depth about a depth
of the debridement tool 114, the manifold 108 may not be used.

106561 In some embodiments, the debridement tool 110 may be a substantially flat
or substantially planar body. The debridement tool 110 may have a thickness 134, In some

embodiments, the thickness 134 may be about 15 mum. Tn other embodiments, the thickness
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134 may be thinner or thicker than about 15 mm as needed for the tissue site 103, In some
embodiments, fndividual portions of the debridement tool 110 may bave a minimal tolerance
from the thickness 134, In some cmbodiments, the thickness 134 may have a tolerance of
about 2 mm. The debridement tool 110 may be flexible so that the debridement tool 110 can
be contoured to a surface of the tissue site 103,

{88571 In some embodiments, the debridement tool 110 mayv be formed from
thermoplastic  elastomers (TPE), such as styrene ethylene butylene styrene (SEBS)
copolymers, or thermoplastic polyurethane (TPU). The debridement tool 110 may be formed
by combining sheets of TPE or TPU. In some ersbodiments, the sheets of TPE or TPU may
be bonded, welded, adhered, or otherwise coupled to one another. For example, in some
embodiments, the sheets of TPE or TPU may be welded using radiant heat, radio-frequency
welding, or laser welding. Supracor, Inc., Hexacor, Lid,, Hexeel Corp., and Feonocorp, Ine,
may produce suitable TPE or TPU sheets for the formation of the debridement tool 110, In
some embodiments, sheets of TPE or TPU having a thickness between about 0.2 mm and
about 2.0 mm may be used fo form a structure having the thickness {34, In some
ernbodiments, the debridement too! 110 may be formed from a 3D textile, also referred to as
a spacer fabric. Suitable 3D textiles may be produced by Heatheoat Fabrics, Lid,, Baltex, and
Mueller Textil Group.

{8058}  In some embodiments, the debridement tool 110 may be formed from a
foam. For example, cellular foam, open-cell foam, reticulated foam, or porous tissue
collections, may be used to form the debridement tool 110, In smme embodiments, the
debridement tool 110 may be formed of GranuFoam®, grey foam, or Zotefpam. Grey foam
may be a polyester polyurethane foam baving about 80 pores per inch {ppi). Zotefoam may
be a closed-cell crosslinked polyolefin foam. In one non-limiting example, the debridement
tool 110 may be an open-cell, reticulated polyurethane foam sueh a5 GranuFoam® dressing
avgilable from Kinetic Concepts, Inc. of San Antonio, Texas; in other embodiments, the
debridement ool 110 may be an open-cell, reticulated polyurcthane foam such as a V.ALL
VeraFlo® foam, also available from Kinetie Concepts, Ine., of San Antonio, Texas.

[665%  In some embodiments, the debridement tool 110 may be formed from a
foam that is mechanically or chemically compressed to increase the density of the foam at
ambient pressure. A foam that is mechanically or chemically compressed may be referred to
as a compressed foam. A compressed foam may be characterized by a firmness factor (FF)

that is defined as a ratio of the density of a foam in 2 compressed state to the density of the
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same foam i an vncompressed state. For example, a firmness factor (FF) of 5 may referto a
compressed foam having g density that is five times greater than a density of the same foam
in an wncompressed state, Mechanically or chemteally compressing 2 foam may reduce
thickness of the foam at ambient pressure when compared to 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 firmness factor (FID of the foam.
Increasing the frvoness factor (1) of a foam may increase a stiffness of the foam In a
direction that iz parallel to a thickness of the foam. For exaraple, increasing & firroness factor
(EF} of the debrndement tool 110 may increase a stiffness of the debridernent tool 110 i a
direction that is parallel to the thickness 134 of the debwidement tool 110, In some
embodiments, a compressed foam may be a compressed GranuFoam®, GranuFoam® may
have a density of about 0.03 grams per centimeter’ (g/em’) in its uncompressed state. 17 the
GranuFoam® is compressed to have a ffromness factor (FF) of 5, the GranuFoam® may be
compressed until the density of the GranuFoam® is about 0.15g/cm’. VeraFlo® foam may
also be compressed to form a compressed foam having a fivmness factor FPlup e 5. In
some embodiments, the debridement tool 110 may have a thickness of about 8 mum, and f the
debridement tool 110 is positioned within the scaled therapeutic space 128 and subjected to
negative pressure of abount -125 mmHe, the thickness 134 of the debridement tool 110 may be
greater than about 3 mn.

86l A compressed foam may also be referred o as a felied foam. As with 2
compressed foam, a felied foam undergoes a thermoforming process to permanently
compress the foam o increase the density of the foam, A felted foam may also be compared
e other felted foams or compressed foams by comparing the firmness factor of the felted
foam to the firmwmess factor of other compressed or uncomapressed foams.  Generally a
compressed or felted foam may have 3 firmness factor greater than 1.

{0063] The firmness factor (FF) may also he used to compare compressed foam
materials with non-foam materials. For example, a Supracor® materis! may have a firmness
factor (FF) that allows Sopracor® to be compared to compressed foams.  In some
embodiments, the firmness factor FF) for a non-foam material may represent that the non-
foam material has a stiffness that i equivalent to a stiffnoss of a compressed foam having the
same firmmess factor. For example, if a debridement tool is formed from Supracn®, as
tustrated i Table 1 below, the debridement tool may have a stiffness that is about the same

as the stiffness of a compressed GravuFoam® material having a firmmess factor {FF) of 3.



WO 2015/172104 PCT/US2015/030023
16

{0062} Generally, if a compressed foam is subjected to pegative pressure, the
compressed foam exhibits less deformation than a similar uncompwessed foamn. If the
debridement tool 110 is formed of a compressed foam, the thickness 134 of the debridement
tool 110 may deform less than if the debridement tool 110 is formed of a comparable
uncompessed foam. The decrease in deformation may be caused by the increased stiffness
as reflected by the firmuess factor (FF). If subjected to the stress of negative pressure, the
debridement tool 110 that iz formed of compressed foam may flatten less than the
debridement tool 110 that is formed from oncoopressed foam. Consequently, when negative
pressure is applied to the debridement tool 110, the stiffness of the debridement tool 110 in
the direction paralie! o the thickness 134 of the debridement tool 110 allows the debridement
tool 110 fo be more compliant or compressible in other directions, e.g., a direction
perpendicular to the thickness 134. The foam material used to form a compressed foam may
be cither hydrophobic or hydrophilic. The pore size of a foam material may vary according
to needs of the debridement tool 110 and the amount of compression of the foam. For
example, in some embodiments, an uncompressed foam may have pore sizes in a range of
about 400 microns to about 600 microns. If the same foam is compressed, the pore sizes may
be smaller than when the foam is in its uncompressed state,

{HI63] Figure 2 is a plan view, dlustrating additional details that may be associated
with some embodiments of the debridement tool 110. The debridement (ool 110 may include
a plurality of holes 140 or perforations extending through the debridement tool 110 to form
walls 148 extending through the debridement tool 110, In some embodiments, the walls 148
may be paralie! to the thickness 134 of the debridement toe! 110, In other embodiments, the
walls 148 may be geverally perpendicular to the tissue-facing surface 111 and the opposite
surface 113 of the debriderent tool 110, In some embodiments, the holes 140 may have a
hexagonal shape as shown. In other embodiments, the holes 140 may have a ciroular, oval,
triangular, square, irregular, or amorphous shape.

[0064] In some embodiments, the debridement tool 110 mayv have a first orientation
line 136 and a second orientation live 138 that is perpendiculsr to the first orientation line
136, The first orientation line 136 and the second orientation line 138 may be Hnes of
symmetry of the debridement tool 110, A Hne of symmetry may be, for example, an
imaginary line scross the Hssue-facing surface 111 or the opposite surface 113 of the
debridernent tool 110 defining a fold line such that if the debridement tool 110 is folded on

the line of symunetry, the holes 140 and walls 148 would be coincidentally aligned.
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Generally, the first orientation line 136 and the second orientation line 138 aid in the
description of the debridement tool 110, In some embodiments, the Srat orientation line 136
and the second orientation line 138 may be used to refer to the desired directions of
contraction of the debridement tool 110, For example, the desired direction of contraction
may be parallel to the second orientation line 138 and perpendicular to the first orientation
line 136, In other embodiments, the desired direction of contraction may be paraliel to the
first orientation Hne 136 and perpendicular o the second orientation line 138, In still other
embodiments, the desired direction of contraction may be at a non-perpendicular angle to
both the first orientation lime 136 and the second orientation line 138, Generally, the
debridement fool 110 may be placed at the tissue site 103 so that the second orientation line
138 extends across the slough 130 and the eschar 132 of Figure 1.

[8065] Although the debridement tool 110 is shown as having a generally rectangular
shape including longiudinal edges 144 and Iatitudinal edges 146, the debridement tool 110
may have other shapes. For example, the debridement tool 110 may have a diamond, square,
or circular shape. In some embodiments, the shape of the debridement tool 110 may be
selected to accormmodsate the type of tissue site being treated. For example, the debridement
tood 110 may have an oval or circular shape 1o accommodate an oval or circular tissue site.
In some embodiments, the first orientation line 136 may be paralle! to the longitudinal edges
144,

{366} Referring more specifically to Figure 3, a single hole 140 having a hexagonal
shape is shown. The hole 140 may include a center 150 and a perimeter 152, The hole 140
may have a perforation shape factor (PSE). The perforation shape factor (PSF) may represent
an orientation of the hole 140 relative to the fivst orientation line 136 and the second
orientation line 138, Generally, the perforation shape factor (PSE} is a ratio of ¥2 & maximum
length of the hole 140 that is parallel to the desired direction of contraction to % a maximum
lengih of the hole 140 that is perpendicular to the desired direction of contraction. For
descriptive purposes, the desired direction of contraction is parallel to the second orientation
line 138, The desired direction of contraction may be indicated by a debriding force 142,
For reforence, the hole 140 may have an R-axis 156 extending through the center 150
between opposing vertices of the hexagon and parallel to the first orientation line 136, and a
Y-axis 154 extending through the center 130 between opposing sides of the hexagon and
parallel to the second orientation Hoe 138, The perforation shape factor (PSF) of the hole 140

may be defined as g ratio of a line segmoent 138 on the Y-axis 154 extending from the center
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150 to the perimeter 152 of the hole 140, to 2 line segment 160 on the X-mxds 156 extending
from the center 150 to the perimeter 152 of the hole 140, If a length of the line segment 158
i3 2.69 mm and the length of the line segment 160 is 2.5 mm, the perforation shape factor
(PSF} would be 2.69/2.5 or about 1.08. In other embodiments, the hole 140 may be oriented
relative o the first oricntation line 136 and the second orientation lne 138 so that the
perforation shape factor (PSF) may be about 1.07 or 1.1,

{0867] Referring to Figure 4, a portion of the debridement tool 110 of Figure 1 is
shown. The debridement tool 110 may include the phurality of holes 140 aligned in a patiern
of parallel rows. The pattern of parallel rows may include a fivst row 162 of the holes 149, &
second row 164 of the holes 140, and a third row 166 of the holes 140, The centers 150 of
the holes 140 n adjacent rows, for example, the first row 162 and the second row 164, may
be characterized by being offset from the second orientation lve 138 along the first
orientation line 136, In some embodiments, a line connecting the centers of adjacent rows
may form a strut angle (SA) with the first orientation line 136, For example, a first hole
140A in the first row 162 may have a center 150A, and a second hole 1408 in the second row
164 may have a center 150B. A strut line 168 may connect the center 150A with the center
1508, The strut line 168 may form an angle 170 with the first oriemtation line 136, The
angle 170 may be the strut angle {SA) of the debridement tool 110, In some embodiments,
the strut angle (SA) may be less than about 90° in other embodiments, the strut angle (SA)
may be between about 30° and sbout 70° relative to the first orientation line 136, In other
embodiments, the sinst angle (SA) may be about 667 from the first orientation line 136,

Generally, as the strut angle {SA} decreases, a stiffness of the debridement tool 110 n a
direction parallel to the first orientation line 136 may incresse. Increasing the stiffness of the
debridement tool 110 parallel to the first orientation line 136 may increase the
compressibility of the debridement twol 110 perpendicular to the first orientation line 136,
Consequently, if negative pressure is applied to the debridement tool 110, the debridement
tood 110 may be more compliant or compressible in a direction perpendicular to the first
orientation line 136. By increasing the compressibility of the debridement tool 110 in g
direction perpendicular to the first orientation line 136, the debridement tool 110 may
collapse to apply the debriding force 142 to the tissue site 103 described in more detail
below.

{G6468] In some embodiments, the centers 1530 of the holes 140 in alternating rows, for

example, the center 150A of the first hole 140A in the first row 162 and a center 150C of a
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hole 140C in the third row 166, may be spaced from each other parallel to the second
crientation line 138 by a leogth 172, In some embodiments, the length 172 may be preater
than an effective diameter of the hole 140, If the centers 150 of holes 140 in alternating rows
are separated by the length 172, walls 148 paraliel to the first orientafion line 136 may be
considered eontinnons.  Generally, the walls 148 may be continuous if the walls 148 do not
have any discontinuities or breaks between holes 140,

0068} Regardless of the shape of the holes 140, the holes 140 in the debridernent tool
110 may leave void spaces in the debridement tool 110 and on the tissus-facing surface 111
and the opposite surface 113 of the debridement tool 110 so that only the walls 148 of the
debridement tool 110 remain with a surface available to contact the tissue site 103, [t may be
desirable to mivipdze the walls 148 so that the holes 140 may collapse, causing the
debridement tool 110 to collapse and generate the debriding force 142 in a direction
perpendicular to the first orientation line 136, However, it may also be desirable not to
mininuze the walls 148 so mwch that the debridement tool 110 becomes too fragile for
sustaining the application of a negative pressure. The void space percentage {VS) of the
holes 140 may be equal to the percentage of the volume or surface area of the void spaces of
the tissue-facing surface 111 created by the holes 140 to the total volume or surface area of
the tissue-facing surface 111 of the debridement tool 110, In some embodiments, the void
space percentage {VS) may be between about 40% and about 60%. In other embodiments, the
void space percentage (V8) may be about 55%.

HIG78] In some embodimnents, the holes 140 may be formed during molding of the
debridement tool 110, In other embodiments, the boles 140 may be formed by cutting,
melting, or vaporizing the debridement tool 110 after the debridement tool 110 is formed.
For example, the holes 140 may be formed in the debridement tool 110 by laser cutting the
compressed foam of the debridement tool 110, Tn some embodiments, an effective diametor
of the holes 140 may be selected to permit flow of particalates through the holes 140, An
effective diameter of a non-circular area is defined as a diameter of a civcular area having the
same surface area as the nop-circular area. Tn some embodiments, each hole 140 may have
an cifective diameter of about 3.5 mm. In other embodiments, each hole 140 may have an
effective digmeter between about 5 mm and about 20 mm,  The effective diameter of the
holes 140 should be distinguished from the porosity of the material forming the walls 148 of
the debridement tool 110, Generally, an effective diameter of the holes 140 is an order of

magoitude larger than the effective diameter of the pores of a material forming the
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debridervent tool 110, For example, the etfective diameter of the holes 140 may be larger
than about 1 mm, while the walls 148 may be formed from GramiFoam® material baving a
pore size less than about 600 microns. In some embodiments, the pores of the walls 148 may
not create openings that extend all the way through the material,

16871} Referning now 1o both Figures 2 and 4, the holes 140 may form a patiem
depending on the geometry of the holes 140 and the alignment of the holes 140 between
adjacent and altornating rows in the debridement tool 110 with respect to the first orientation
Hine 136, If the debridement tool 110 is subjected fo negative pressure, the holes 140 of the
debridement tool 110 may collapse. In some embodiments the void space percentage (VS),
the perforation shape factor (PSF), and the strut angle (SA) may cause the debridement tool
110 1o coutract along the second orientation tine 138 perpendicular to the first orientation line
136 as shown in meore detail i Figare 5. If the debridement tool 110 s positioned on the
tissue site 103, the debridement tool 110 may gencrate the debriding force 142 along the
second orientation line 138, contracting the debridement tool 110, as shown In more detail in
Figure 5, The debriding force 142 may be optimized by adjusting the factors described above
as set forth in Table 1 below. In some embodiments, the holes 140 may be hexagonal, have a
strut angle (S5A) of approximately 66°%, a voud space percentage (VS) of about 55%, a
firomess factor (FF) of about 5, a perforation shape factor (PSF)Y of about 1.07, and an
effective diameter of about § mum,  If the debridement tool 110 is subjected to a negative
pressure of about ~125 nunHg, the debriding force 142 asserted by the debridement tool 110
is about 13.3 N, If the effective diameter of the holes 140 of the debridement tool 110 s
increased to 10 mum, the debriding force 142 is decreased to abowt 7.5 N,

{0872} Reforring to Figure 5, the debridement ool 110 is in the séoond position, or
contracted position, as indicated by the debriding force 142, In operation, negative pressure
is supplied to the sealed therapeutic environment 128 with the negative-pressure source 104,
In respovse to the supply of vegative pressure, the debridement tool 110 contracts from the
relaxed position iHustraled i Figure 2 to the contracted position illustrated in Figure 5.
Generally, the thickness 134 of the debridement tool 110 remains substantially the same.
When the negative pressure is removed, for example, by venting the negative prossare, the
debridement tool 110 expands back to the relaxed position. I the debridement tool 110 is
cycled between the contracted and relaxed positions of Figures 5 and Figure 2, respectively,
the tissue-facing surface 111 of the debridement tool 110 debrides the tissue site 103 by

utting away dead or contaminated tissue from the wound, including the slough 130 and the
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eschar 132, The edges of the holes 140 formed by the tissue-facing surface 111 and
transverse surfaces of the walls 148 form culting edges that debride the tissue site 103,
allowing the severed tissue to exit through the holes 140 and the manifold 108 into the
container 112 when negative pressure is applied. In some embodiments, the cutting edges are
defined by the perimeter 152 where each hole 140 intersects the tissue-facing surface 111,

{6973} In some embodiments, the therapy system 100 may provide cyclic therapy.
Cyclie therapy may alternately apply negative pressure to and vent negative pressure from the
sealed therapeutic environment 128, In some embodiments, negative pressure may be
supplied to the scaled therapeutic enviromment 128 until the pressure in the sealed therapeutic
environment 128 reaches a predetermined therapy pressure. If negative pressure is supplied
to the sealed therapeutic environment 128, the debridement tool 110 contracts as shown in
Figure 5. In some embodiments, the sealed therapeutic environment 128 may remain at the
therapy pressure for a predetermined therapy period such as, for example, about 10 minutes.
In other embodiments, the therapy period may be losger or shorter as needed to supply
appropriate negative-pressure therapy to the tissue site 103,

16674] Following the therapy period, the scaled therapeutic environment 128 may be
vented.  For example, the negative-pressure source 104 may fluidly couple the sealed
therapeutic environment 128 fo the atmosphere (not shown), allowing the sealed therapeutic
envivonment 128 {o return to ambient pressure. In some embodiments, the negative-pressure
source 104 may vent the sealed therapeutic environment 128 for about 1 minute. In other
embodiments, the negative-pressure source 104 may vent the sealed therapeutic environment
128 for longer or shorter periods. In response to the return of the sealed therapeutic
environment 128 to ambient pressure by venting the sealed therapeutic environment 128, the
debridement tool 11 expands, retuming to the relaxed position of Figure 2. The contraction
and expansion of the debridement tool 110 causes the cutling edges of the debridement ool
110 {0 debride the tissue site 103 as described sbove. Removed portions of the severed
tissue, including the slough 130 and the eschar 132 may be drawn out through the holes 140
when negative pressure is applied to the sealed therapeutic environment 128 by the negative-
pressure souree 104,

{3875} In some ervbodiments, instillation therapy may be combined with negative-
pressure therapy., For example, following the therapy period of negative-pressure therapy,
the fluid source 120 may operate to provide fluid to the sealed therapeutic environment 128.

In some ernbodiments, the fluid source 120 may provide fluid while the negative-pressure
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source 104 vents the sealed therapeutic environment 128, For example, the fluid source 120
may include a pump configured {o move instillation Guid from the fluid source 120 1o the
sealed therapeutic environment 128, In other erobodiments, the negative-pressure source 104
may not vent the sealed therapeutic environment 128, Instead, the negative pressure in the
sealed therapeutic envirorvnent 128 i< used to draw instiliation fluid from the fluid source 120
into the sealed therapeutic environment 128,

{00761 In some embodiments, the fhuld source 120 may provide a volume of fluid to
the sealed therapeutic enviromment 128, In some embodiments, the volume of fluid may be
the same as a volume of the sealed therapeutic envivoronent 128, In other embodiments, the
volume of fluid may be smaller or larger than the sealed therapeutic environment 128 as
needed to appropriately apply instillation therapy. In some embodiments, the fluid provided
by the thid source 120 may remain in the sealed therapeutic environment 128 for a dwell
time, In some embodiments, the dwell time Is zbout 3 mimses, In other embodiments, the
dwell time may be longer or shorter as needed to appropriately administer instillation therapy
to the tissue site 103, The dwell ime may be referred to as a dwell peried of a therapy cycle.

{00771 At the conclusion of the dwell time, the negative-pressure source 104 may be
operated to draw off the instiflation fluid inde the contamer 112, completing a oycle of
therapy.  As the instillation flnid is removed from the sealed therapeutic environment 128
with negative pressure, negative pressure may also be supplied to the sealed therapeutic
environment 128, starting another cvele of therapy.

{0078] In cach cycle of therapy provided by the negative-pressore source 104, the
debridement tool 110 may be contracted and expanded. With each cycle of therapy, the
tisste-facing surface 111 of the debwidement tool 110 is rabbed across a facing surface of the
tissue site 103 by the debriding force 142, The rubbing action of the debriderent tool 110 by
the debriding force 142 causes the cutting edges of the holes 140 to dislodge portions of the
stough 130 and the eschar 132, With each subsequent cvcle of therapy, additional portions of
stough 130 and eschar 132 are removed from the tissue site 103 by the debriding force 142,
The dislodged portions of the slough 130 and the eschar 132 i particles may be sufficiently
small to be drawn-off from the tissue site 103 by negative-pressure therapy. I instillation
therapy is also provided, the fluid from the fluid source 126 may also aid in the removal of
debrided tissue. Instillation therapy may also clean the manifold 108, preventing blockage of

the manifold 108 by removed slough 130 and eschar 132.
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18879} Figure 6 is a plan view, tlustrating additional details that may be associated
with some embodiments of a debridement tool 210, The debridement tool 210 may be
similar to the debridement too] 110 and operate as described above with respect to Figures 1-
5. Siymilar elements may have similar mumbers indexed to 200, For example, the
debridement tool 210 15 shown as having a generally rectangular shape including longitudinal
edges 244 and latitndinal edges 246, The debridement tool 210 may have a first oricntation
line 236 and a sccond orientation line 238 that is perpendicular to the first orientation line
236. In some embodunents, the fivst crientation line 236 and the sccond orientation line 238
may be used to refer to the desired directions of contraction for the debridement tool 210,
For example, the desired direction of confraction may be paralle] to the second orientation
fine 238 and perpendicular to the first orientation line 236, as shown by the debriding force
142, In other embodiments, the desired direction of contraction may be perpendicular 1o the
second oriemation line 238 and parallel to the first orientation Hine 236, In still other
ernbodiments, the desired direction of contraction may be at a non-perpendicular to both the
second orievtation line 238 and the first orientation line 236, Generally, the debridement tool
210 may be placed at the tissue site 103 so that a tissue-facing surface 211 of the debridement
tool 210 may cover porttons of the tissue site 103 having slough 138 or eschar 132, The
debridernent tool 210 may inclode a plurality of holes 240 or perforations extending through
the debridement tool 210 to from walls 248 that extend through the debridement tool 210, In
some embodiments, the walls 248 are parallel to the thickness 234 of the debridement tool
210. The walls 248 may have transverse sorfaces that inferseet with the tissue-facing surface
211 to form cutling edges. In some smbodiments, the holes 240 may have a circular shape as
shown.

[9080] Referring more specifically to Figure 7, a single hole 240 having a circular
shape is shown, The hole 240 may include a center 230, 3 perimeter 252, and a perforation
shape factor {FSF). For reference, the hole 240 may have an X-axis 256 extending through
the center 250 parallel to the first orientation line 236, and a Y-axis 254 extending through
the center 250 parallel to the second orientation line 238, In some embodiments, the
perforation shape factor (PSE) of the hole 240 may be defined as a ratic of a line segment 258
on the Y-axis 254 extonding from the center 250 to the perimeter 252 of the hole 240, to a
iine segment 260 on the X-axis 256 extending from the center 250 to the perimeter 252 of the
hole 240,  a length of the line segment 238 is 2.5 mm and the length of the line scgment

260 1s 2.5 mm, the perforation shape factor (PSF) would be 2.3/2.5 or about 1.
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{B081] Referring to Figure §, a portion of the debndement tool 210 of Figwe 6 is
shown. The debridement tool 210 may inchude the plorality of hales 240 aligned in a pattem
of paraliel rows. The pattern of parallel rows may include a first row 262 of the holes 240, a
second row 264 of the holes 248, and a thivd row 266 of the holes 240, The X-axis 256 of
Figure 7 of each hole 240 may be parallel to the first orientation line 236 of Figure 8, The
centers 250 of the holes 240 in adjacent rows, for example, the first row 262 and the sccond
row 264, may be characterized by being offset from the second orientation line 238 along the
first orientation line 238. In some embodiments, a line connecting the centers of adjacent
rows may form the strut angle (SA) with the first orientation ling 236, For example, a first
bhole 240A in the first row 262 may have a center 250A, and 4 second hole 2408 in the
second row 264 may have a center 250B. A strut line 268 may connect the conter 2504 with
the center 250B. The strut Hne 268 may form an angle 270 with the first orientation line 236,
The angle 270 roay be the strul angle (SA) of the debridement tool 210, In some
embodiments, the strut angle (8A) may be lese than about 90°, In other embodiments, the
strut angle {SA} may be between about 30° and about 707 relative to the first orientation Hne
236, As described above, if negative pressure is applied o the debridement tool 210, the
debridement fool 210 may be more compliant or compressible in a divection perpendicular o
the first orientation line 236, By increasing the compressibility of the debridement tool 210
in a direction perpendicular to the first orlentation line 236, the debridement tool 210 may
collapse to apply a debriding foree to the tissue site 103 as described in more detail below.,

{0082} In some embodiments, the centers 250 of the holes 240 in alternating rows, for
example, the center 250A of the first hole 2404 in the first row 262 and a center 250C of a
hole 240C in the third row 266, may be spaced from each other parallel to the second
orientation line 238 by a length 272, In some embodiments, the length 272 may be greater
than an effective diameter of the bole 240. If the centers 250 of holes 240 in alternating rows
are separated by the length 272, the walls 248 parallel to the first orientation Hoe 236 may be
considered contimnous. Generally, the walls 248 may be continuous 1 the walls 248 do not
have any discontinuities or breaks between holes 240,

{3083} Regardless of the shape ot the holes 240, the holes 240 in the debridement tool
210 may leave void spaces in the debridement tool 210 and on the tissue-facing surface 211
of the debridement tool 210 so that only walls 248 of the debridement tool 210 remain with a
surface available to contact the tissue site 103, 1t may be desirable to minimize the walls 248

so that the holes 240 collapse, causing the debridement tool 210 {o collapse {o generate the
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debriding force 142 in a divection perpendicuiar to the first orientation line 236, However, #
may also be desivable pot to minimize the walls 248 so much that the debridement tool 2140
becomes too fragile for sustaining the application of a negative pressure.  The void space
percentage {(VS) of the holes 240 may be equal to the percentage of the volume or surface
area of the void spaces of the tissue-facing surface 211 created by the holes 240 to the total
vohime or surface area of the tissue-facing surface 211 of the debridement tool 210, In some
embodiments, the void space porcentage (VS may be between sbout 40% and about 60%. In
other erobodiments, the void space percentage (VS) may be about 54%.

7 {3084} In some embodiments, a diameter of the holes 240 may be selected to permit
flow of particulates through the boles 240, In some embodiments, sach hole 240 roay have &
diameter of about § vun.  In other embodiments, each hole 240 may have an effective
diameter between about 3.5 mw and about 20 .

[{0085] Referring now to both Figures 7 apd 8, the holes 240 may form a pattern
depending on the geometry of the holes 240 and the alignment of the holes 240 between
adjacent and alternating rows in the debridement tool 210 with respect to the first orientation
line 236, If the debridement tool 210 is subjected 1o negative pressure, the holes 240 of the
debridement tool 2140 may collapse. In some embodiments, the void space percentage (VS),
the perforation shape factor (PRF), and the strut angle (SA)Y may cause the debridement tool
210 to collapse along the second orientation line 23¥ perpendicalar 1o the first orientation line
236, The debriding force 142 may be optimized by adjusting the factors described above as
set forth fn Table 1 below. In some embodiments, the holes 248 may be circular, have a str
angle {8A} of approximately 37°, a void space percentage (VS) of gbout 34%, a firmness
facior (F¥) of about 3, a perforation shape factor (PSF) of about 1, and a diameter of about §
mm. I the debridement toel 210 15 subjected to a negative pressure of about <125 mmHg, the
debridement tool 210 asserts the debriding force 142 of approximately 11.9 N. If the
diameter of the holes 240 of the debwidement tool 210 is increased (o about 20 mm, the void
space percentage (VS changed to about 52%, the strut angle (SA) changed to about 527, and
the perforation shape factor (PSF) and the fnmoess factor (FF) réemain the same, the
debriding force 142 is decreased to sbout 8.5 M.

10086] Figure 9A 15 g plan view, illustrating additional details that roay be assogiated
with some embodiments of a debridement tocl 310, The debridement too! 310 way be
simifar to the debridement tool 110 and operate as deseribed gbove with respect to Figures 1-

5. Similar elements may have similar reference munbers indexed to 300, The debridement
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tool 310 may cover the tissue site 103, In sorme embodiments, the debridement tool 310 may
have a first orientation line 336 and a second orientation Hine 338 that is perpendicular to the
first orientation line 336. In some embodiments, the first orientation Hne 236 and the second
orientation line 338 may be used (o refer to the desived divections of contraction for the
debridement tool 310. For example, the desired direction of contraction may be parallel to
the second orientation iine 338 and perpendicular to the first orientation line 336. In other
embodivoents, the desired duection of confraction may be perpendicular to the second
oriemiation line 338 and parsllel o the first ovientation line 336, In still other embodiments,
the desired direction of contraction may be at a non-perpendicudar angle to both the second
orientation ne 338 and the first orientation line 336. Generally, the debridement fool 310
may be placed at the tissue site 103 so that a tissue-facing surface 311 of the debridement tool
310 may cover portions of the tissue site 103 having slough 130 and eschar 132, The
debridement tool 310 mway ivclude a plurality of holes 340 or perforations extending Ihmugh
the debridement tool 310 to form walls 348 that extend through the debnidement tool 310, In
some embodiments, the walls 348 are parallel to the thickness 334 of the debwidement tool
310, The walls 348 may have transverse surfaces that intersect with the tissue-facing surface
311 to form cutting edges. In some embodiments, the holes 340 may have an ovoid shape as
shown.

{6887] Referring more specifically to Figure 10, a single hole 340 having an ovoid
shape is shown, The hole 340 may include a cepter 350, a perimeter 352, and a perforation
shape factor {PSF). For reference, the hole 340 may have an X-axis 356 extending through
the center 330 parallel to the frst orientation line 336, and a Y-axis 354 extending throngh
the center 350 paraliel to the second orientation line 338, In some embodiments, the
perforation shape factor (PSF) of the hole 340 may be defined as a ratio of 3 line segment 358
on the Y-axis 354 extending from the center 350 to the perimeter 352 of the hole 34@, o a
tine segment 360 on the X-axis 356 extending from the center 350 to the perimeter 352 of the
hole 340). If a length of the line segroent 358 is 2.5 nun and the length of the line sepment
360 1s 2.5 mm, the perforation shape factor (PSF) would be 2.5/2.5 or about 1.

[0088] Referring to Figure 11, if the hole 344 is rotated relative to the first orientation
line 336 and the second orientation line 338 so that 8 major axis of the hole 340 is paralle! to
the second orientation line 338 and a minor axis of the hole 340 is parailel to the first
origntation line 336, the perforation shape factor (PSF) may change. For example, the

perforation shape factor (PRF) is now the ratic of a line segment 376 on the Y-axis 354
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extending from the center 350 to the perimeter 352 of the hole 340, to a line segment 378 on
the X-axis 356 extending from the center 350 to the perimeter 352 of the hole 34, If a
length of the line segment 376 is 5 mm and the length of the line segment 378 15 2.5 num, the
perforation shape factor (PSFYy would be 5/2.5 or about 2.

{8089 Reforring to Figure 12, if the hole 340 is rotated relative to the first orientation
Hne 336 and the second orientation Hne 338 so that a major axis of the hole 340 is parallel 10
the first orientation lne 336 and a minor axis of the hole 340 is parallel to the second
orientation line 338, the perforation shape factor (PSF) may chavge. For example, the
perforation shape factor (PRF) is now the ratio of a line segment 380 on the Y-axis 334
extending from the cemer 330 to the perimeter 352 of the hole 340, to a line segment 382 on
the X-axis 356 extending from the center 330 to the perimeter 352 of the hole 340, g
length of the line segment 380 is 2.5 mm and the length of the line segment 382 15 5 mum, the
perforation shape factor (PSF} would be 2.5/5 or about 1/2.

{6898} Referving to Figure 9B, a portion of the debridement tool 310 of Figure %A is
shown. The debridement toel 310 may include the phwality of holes 3440 aligned in a pattern
of parallel rows. The pattern of parallel rows may include a first row 362 of the holes 340, a
second row 364 of the holes 340, and a third row 366 of the holes 340, The X-axis 356 of
gach hole 340 of Figures 10, 11, and 12 may be parallel to the first orientation lineg 336 of
Figure 9B. The centers 350 of the holes 340 in adjacent rows, for cxample, the first row 362
and the second row 364, may be characterized by being offset from the second orientation
fine 338 along the first orientation line 336, In some embodiments, a line connecting the
centers of adjacent rows may form 3 struf angle (SA} with the first orientation line 336, For
example, a first hole 340A In the first row 362 may have a center 3504, and a second hole
3408 in the second row 364 mmay have a center 350B. A strut line 368 may connect the
center 350A with the center 3508, The strut line 368 may forw an angle 370 with the first
orientation Hine 336. The angle 370 may be the strut angle (SA) of the debridement tool 310,
In some embodiments, the strut angle (SA) may be less than about 90°. In other
embodiments, the strut angle (SA) may be between abowt 30° and abowt 70° relative to the
fivst orientation line 336,  As described above, i pegative pressure is applied to the
debridement ool 310, the debridement tool 310 may be more compliant or compressible ina
direction perpendicular to the first orientation line 336, By increasing the coropressibility of

the debridement tool 310 in a direction perpendicular to the first orientation line 336, the
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debridement tool 310 may collapse to apply the debriding force 142 to the tissue site 103 as
described in more detail below, '

(6691} In some embodiments, the centers 350 of the holes 340 in alternating rows, for
example, the center 350A of the first hole 3404 in the first row 362 and a center 350C of a
hole 340C in the third row 366, may be spaced from each other paraliel to the second
orientation line 338 by a lenpth 372, In some embodiments, the length 372 may be greater
than an effective diameter of the hole 340, If the centers 350 of holes 340 in alternating rows
are separated by the length 372, the walls 348 paralle] to the first oriertation line 336 may be
considered continuous. Generally, the walls 348 may be continuous if the walls 348 do not
have any discontinuitics or breaks between holes 340

{66921 Regardless of the shape of the holes 344, the boles 340 inthe debridersent tool
318 may leave void spaces in the debridement tool 310 and on the tissue-facing surface 311
of the debridement tool 316 so that ondy walls 348 of the debridement tool 310 remain with a
surface available to contact the tissue site 103, [t may be desirable to minimize the walls 348
so that the holes 348 may collapse, causing the debridement tool 310 to collapse the
debriding force 142 in a direction perpendicular to the first orientation line 336, However, it
may also be desirable not to minimize the walls 34§ so much that the debridement tool 310
becomes too fragile for sustaining the application of a negative pressure. The void space
percentage (YS) of the holes 340 may be equal to the percentage of the volume or surface
area of the void spaces of the tissue-facing surface 311 created by the holes 340 o the total
vohume or surface ares of the Hssue-facing surface 311 of the debridement tool 310, In soms
embodiments, the void space percentage (VS) may be between about 40% and about 60%. In
other embodiments, the void space percentage (VS) may be about 56%.

[8893] In some embodiments, an effective diameter of the holes 340 may be selected
to permit flow of particulates through the holes 340, In some embodiments, each hole 340
may have an effective diameter of abowt 7 mm. In other embodiments, each hole 340 may
have an effective diameter between about 2.5 mm and about 20 mm.

894} Referring now to both Figures 9A and 9B, the holes 340 may form a patiern
depending on the geometry of the holes 340 and the alignment of the holes 340 between
adiacent and abierpating rows in the debridervent tool 310 with respect to the first ontentation
fing 336. If the debridement 100l 310 is subjected to negative pressure, the holes 340 of the
debridement tool 310 may collapse, causing the debridement tonl 310 to collapse along the

second orientation line 338 perpendicular to the first orientation line 336. If the debridement
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tool 310 is positioned on the tissue site 103, the debridement tool 310 may generate the
debriding force 142 along the second orientation Hne 338 such that the debridernent (ool 310
is contracted in the same direction 1o debride the tissue site 103, The debriding foree 142
may be optimized by adjusting the factors described above as set forth in Table | below. In
some embodiments, the holes 340 may be ovular, have a strut angle (SA) of approximately
47°, a void space percentage (VS) of sbout 56%, a firmness factor (FF) of about §, a
perforation shape factor (PSF) of sboat 1, and an effective diameter of about 7 mm (where
the major axis is about 10 mum and the minor axis is about 5 mm). If the debridement tool
310 is subjected to a negative pressure of about -123 mmHg, the debridement tool 310 asserts
the debriding force 142 of approximately 13.5 N.

{0895} Figure 13A is a plan view, illustrating additional details that may be assoctated
with some embodiments of a debridement tonl 410, The debridement tool 410 may be
simifar fo the debridement tool 110 and operate as described with respect to Figures [-5.
Similar elements yogy have similar reference rumbers indexed to 400, For example, the
debridement tood 410 is shown as having a generally rectangular shape including longitadinal
edges 444 and latitudinal edges 446, The debridement tool 410 may cover the Hasue site 103,
In some embodiments, the debridement tool 410 may have a first orientation line 436 and a
second orientation Hine 438 that is perpendicular to the first orientation live 436, In some
embodiments, the first ovientation Iine 436 and the second orientation line 438 may be used to
refer to the desired directions of contraction for the debridement tool 410, For example, the
desired direction of contraction may be parallel o the second oriemtation line 438 and
perpendicular to the first orientation line 436, In other embodimends, the destred divection of
contraction may be perpendicular to the second orientation line 438 and paraliel to the first
orientation line 436, In still other embodiments, the desired direction of contraction may be
at a non-perpendicular angle o both the second orientation hine 438 and the fust onentation
Hine 436, Generally, the debridement tool 410 may be placed at the tissue site 103 so that a
tissue-facing surface 411 of the debridement tool 410 may cover portions of the tissue site
103 having slough 130 or eschar 132. The debridement tool 410 may include & plurality of
holes 440 or perforations extending through the debridement tool 418 to form walls 448 that
extend through the debridement tool 410, In some embodiments, the walls 448 are parallel to
the thickness 434 of the debridement tool 410, The walls 448 may have transverse surfaces
that intersect with the tissue-facing surface 411 to form cutting edges. In some embodiments,

the holes 440 may have a triangular shape as shown.
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{0896] Referring wore specifically to Figure 14, a single hole 440 having a triangular
shape is shown, The hole 440 may include a center 430, a perimeter 432, and a perforation
shape factor (PSF). In some embodiments, the hole 440 may inclode a fivst vartex 484, a
second vertex 486, and a third vertex 488, Vor reference, the hole 440 may have an X-axis
436 extending through the center 450 parallel to the first orientstion line 436, and a Y-axis
454 extending through the center 450 parallel to the second orientation line 438, In some
embodiments, the perforation shape factor (PSF) of the hole 440 may be defined as a ratio of
a line segment 458 on the Y-axis 454 extending from the center 450 to the perimeter 452 of
the hole 440, to a line segment 460 on the X-axizs 456 extending from the cenler 450 {0 the
perimeter 452 of the hole 440. If a length of the line segment 458 is 1.1 mum and the length of
the line segment 460 is 1 mm, the perforation shape factor (PSE} would be 1.1/1 or about 1,1.

1397] Referring to Figure 138, a portion of the debridement tool 410 of Figure 13A
is shown. The debridement {ool 410 may include the plurality of holes 440 aligned in a
pattern of parallel rows. The pattern of paraliel rows may include a first row 462 of the holes
440, a second row 464 of the holes 4490, and a third row 466 of the holes 440, The X-axis
454 of Figure 14 of each hole 440 may be parallel to the first orientation line 436 of Figure
13B. In some embodiments, a fisst hole 4404 in the first row 462 may be oriented so that the
first vertex 4844 may be between the {frst orientation line 436 and a leg of the first hole
440A opposite the first vertex 484A. A hole 440C that is adjacent the first hole 440A in the
first row 462 may be oriented so that the first vertex 484C may be oriented opposite the first
hole 4404,

[68%8] The centers 450 of the holes 446 in adjacent rows having the first vertex 484
oriented i g same direction, for exaraple, the first row 462 and the second row 464, may be
characterized by being offsct from the sccond orientation line 438 along the first orlentation
fine 436. In some embodiments, a line connecting the centers 450 of adjacent rows may form
a strut angle (8A) with the first orientation Hae 436, For example, a first hole 440A in the
fivst row 462 may have a center 4504, and a second hole 4408 in the second row 464 may
have a center 4508 and a first vertex 484B. A strut Hoe 468 may connect the center 450A.
with the center 4508, The sirut line 468 may form an angle 470 with the first orientation line
436, The angle 470 may be the strut angle (SA) of the debridement tool 410, In some
embodiments, the strut angle (8A) may be less than about 90°. In other embodiments, the
strut angle (SA) may be hotween about 40° and about 707 relative to the first orientation line

436, As described above, if negative pressure is applied o the debridement tool 410, the
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debridement tool 410 may be more compliant or compressible in a direction perpendicular io
the first orientation line 436, By increasing the compressibility of the debridement tool 410
in a direction perpendicular to the first orientation line 436, the debridement tool 410 may
collapse to apply the debriding force 142 to the tissue site 103 as described in roore detail
below,

0099} Regardless of the shape of the holes 440, the holes 440 in the debridement tool
410 may leave void spaces in the debridement tool 410 and on the tissue-facing surface 411
of the debridement tool 410 so that only the walls 448 of the debridement ool 410 remain
with 2 surface available {o contact the tssue site 103, I may be desirable to minimize the
walls 448 so that the holes 440 may collapse, causing the debridement tool 410 to generate
the debriding force 142 in a durection perpendicular to the first orfeniation line 436,
However, it may aiso be desirable not to minimize the walls 448 so much that the
debridement tool 410 becomes too fragile for sustaining the application of a negative
pressure. The void space percentage (VS) of the holes 440 may be equal to the percentage of
the volue or surface area of the void spaces of the tissue-facing surface 411 created by the
holes 440 to the total volume or surface area of the tissue-facing surface 411 of the
debridement tool 410, In some embodiments, the voild space percentage (VS) may be
between about 40% and about 60%. In other embodiments, the void space percentage (VS)
may be about 56%.

[30108] In some embodiments, an effective diameter of the holes 440 may be
selected to permit flow of particulates through the holes 440, In some embodiments, each
hole 440 may have an effective diameter of about 7 mm. In other embodiments, each hole
440 may have an effective diameter between about 2.5 mm and about 20 mom. |

{00101 Referring now to both Figures 134 and 138, the boles 440 may fonm a
pattern depending on the geomelry of the holes 440 and the alignment of the holes 440
between adjacent and alternating rows in the debridement tool 410 with respect to the first
orientation Hne 436, If the debriderent tool 410 is subjected to negative pressure, the holes
440 of the debridement tool 410 may collapse. In some embodiments, the void space
percentage {VS), the perforation shape factor (PSF), and the strut angle (SA) may cause the
debridernent tool 410 to collapse along the second orientation line 438 perpendicudar to the
first orientation line 436, If the debridement tool 4140 is positioned on the tissue site 103, the
debridement tool 410 may generate the debriding force 142 along the second orientation line

438 such that the debridement tonl 410 is contracted in the same direction, The debriding
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force 142 may be optimired by adjusting the factors described above as set forth tn Table |
below. In some embodimoents, the holes 440 may be triangular, have a strut angle (SA) of
"5(3

approximately 63°, a void space percentage {VS) of about 40%, a firmness factor (FFyof 5, a
perforation shape factor (PSF) of 1.1, and an effective diameter of about 10 mm. Jf the
debridement tool 410 is subjected {0 a nsgative pressure of about -125 mmHg, the
debridement tool 41} may assert the debriding force 142 of approximately 13.5 N,

(80162} Figure 15 is a plan view, illustrating additional details that may be
associated with some embodiments of a debridement tool 518, The debridement tool 510
may be similar (o the debridement tool 110 described above with respect to Figures 1-5. The
debridement tool 510 may include stripes 516 and stripes 518, In some embodiments, the
debridement tool 510 may be formed from a foam, similar to GranuFoam®., In some
embodiments, the stripes 518 may be formed by compressing portions of the foam so that the
stripes 516 have a first density and the stripes 518 have 2 sccond density.  [n some
embodiments, the second density is greater than the first density, for example. In some
embodiments, the second density may be between about 3 times and about § times greater
than the first density. For example, the stripes 516 may be an uncompressed foam, and the
siripes 518 may be a compressed foam having a fitmness factor of about 5. Generally, the
stripes 516 may be more compressible than the stripes 518, In some embodiments, the siripes
516 and the stripes 518 may be vertically oriented relative to a tissue site, and in other
embodiments, the stripes 516 and the siripes 518 may be horizontally oriented relative to a
tiasue site. In stilf other embodiments, the siripes 516 and the stripes 518 may be oriended at
an angle relative to a tissue site. The foam material of the debridement tocl 510 may have
cutting edges formed by pores in the foam material that are positioned on a tissue-facing
surface S of the debridement tool $10. W the debridement tool 510 is placed under a
negative-pressure, the stripes 516 may collapse before the stripes 518, in some embodiments,
if the stripes 516 collapse, the debridement tool 510 contracts perpendicular fo the stripes
516, I the debridement tool 510 is cycled between coniracied and relaxed states, as
described above, the cutting edges of the pores may debride tissue similar to the cutting edges
of the debridement tool 110, described above.

[60163] A debriding force, such as the debriding force 142, generated by a
debridement 100, such as the debridement too} 110, may be related to a compressive force
generated by applying negative pressare at a thorapy pressure fo a sealed therapeutic

environment. For example, the debriding foree 142 may be proportional to a product of a
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therapy pressure {TP) in the scaled therapeutic environment 128, the compressibility factor
(CF) of the debridement tool 110, and a surface area (A) the tHssue-facing surface 111 of the
debridement tool 110, The relationship is expressed as follows:

Debriding force o (TP * CF * A}

j8104] In some embodiments, the therapy pressure TP is measured in N/nv',
the compressibility factor (CF) is dimensionless, the area (A} is measured in nr, and the
debriding force is measured in Newtons (N). The compressibility factor {CF) resulting from
the application of negative pressure to a debridement tool may be, for example, a
dimensionless number that is proportional to the product of the void space percentage (VS) of
a debridement tool, the firmness factor (FF) of the debridement tool, the strut angle (SA) of
the holes in the debridement tool, and the perforation shape facior (PSF) of the holes in the
debridement tool. The relationship Is expressed as follows:

Compressibility Factor (CF) o (V5 * I'F * sin{SA} * PSF}

(LR Based on the above formulas, debridement tools formed from different
materials with holes of different shapes were manufactured and tested to determine the
debriding fores of the debridement tools. For each debridement tool, the therapy pressure TP
was about ~125 mmlig and the dimensions of the debridernent tool were about 200 nun by
about 33 nun so that the surface area (A} of the tissue-facing surface of the debridement tool
was about 106 em” or 0.0106 . Based on the two equations described above, the debriding
force for a Supracor® debridement tool 11{ having a fimness factor (FF) of 3 was about
13.3 where the Supracor® debridement tool 110 had bhexagonal holes 140 with a distance
between opposite vertices of § yom, a perforation shape factor (PSF) of 1.07, a strut angle
(8A) of approximately 66°, and a void space percentage (VS) of about 535%. A simdlarly
dimensioned GranuFoam® debridement tool 110 generated the debriding force 142 of about

9.1 Newtons (N).

TABLE 1

Material ¥S | FF { B4 Hole Shape PSKE RMajor diam. {mm) Debriding force
GraouFoam® | 56 3 47 Ovular 1 10 133

Supracor® 35 3 66 Hexagon 1.1 5 133
GranuFoam® | 40 5 63 Trangle 1.1 10 12.2
GranuFoam®& | 54 5 37 Circular 1 3 11.%
GranuFoum® | 52 ] 37 Circular I 20 8.3

Grey Foam | N/A 5 | W/A | Horvizontal stripes | N/A N/A 9.2
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GranuFoam® | 55 5 66 Hexagon 1.1 3 e.1
GramuFeoam® | N/A | 5§ | N/A | Horizoptal sivipes | N/A N/A 83
Zotefoam 52 3 37 Circular I 10 8.4
GranuFoam® | 52 5 37 Circular 1 10 8.0
GranuFoam® | 52 5 64 Cireular 1 i 7.7
CranuFoam® | 56 3 66 Hexagon 1.1 i 7.5
GreyFoam | WA | 3 | W Horizontal siripes | N/A MN/A 7.2
Lotefoam 52 3 52 Chreular i 20 6.8
GramuFoam® | W/A | 3 | N/A | Horiconts! Striping | N/A N/A 6.6
GrapuFoam® | 52 3 32 Circular i 20 6.3
GrapuFoam® | N/A | § | N/A Vertical Stripes WA N/A 6.1
GrangFoam® | N/A | 1 N/A None MNiA WN/A 5.9
GranoFoam® | N/A 3 WN/A Vertical stripes N/A A 346
Granuboeam® | 52 i 37 Nene i 10 5.5
{01861 In some embodiments, the formulas described above may not precisely

describe the debriding forces due to losses in force due {0 the transfer of the force from the
debridement tool to the wound. For example, the modulus and stretehing of the cover 106,
the moduhus of the tissue site 103, slippage of the cover 106 over the tissue site 103, and
friction between the debridement tool 110 and the tissue site 103 may cause the actual value
of the debriding force 142 1o be less than the calculated value of the debriding foree 142,

{66187} The systems, apparatuses, and methods described herein may provide
significant advantages. For exaople, Combining the mechanical | rubbing action of a
debridement too] with the hydrating and flushing action of instillation and negative-pressure
therapy may enable low or no pain debridement of a tissue site. A debridement tool as
described hercin may also require less monitoring from a clinician ov other attendant as
cormpared to other mechanical debridement processes and enzymatic debridement processes.
In addition, debridement tools as described herein may not become blocked by removed
necrotic tissue as may occur during autolytic debridement of a tissus site.

JRO108] While shown n a few illustrative embodiments, a pefseﬁ having
ordivary skill in the art will recognized that the systems, apparatuses, and metheds deseribed
herein are susceptible to various changes and modifications. Moreover, desoriptions of
various alternatives using terms such as “or” do oot reguire mutoal exelusivity unless elearly

i

required by the context, and the indefinite articles "a" or "an" do not limit the subject (o a

single instance unless clearly reguired by the context.
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[60109] 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
omitied from the claims if not necessary to distinguish the novel and inventive features from
what is already known to a person having ordinary skill in the art. Features, clements, and
aspects described herein may also be combined oy replaced by alternative features serving the
same, equivalent, or similer purpose without departing from the scope of the invention

defined by the appended claims.
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CLAIMS

What is claimed is:

1
i

A system for debriding a tissue site, comprising:

a manifold adapted 1o deliver negative pressure fo the tissue site;

a cover adapted o form a sealed space over the manifold and the tissue site for receiving
a negalive pressure from a negative-prossure source;

a debridement tool adapted to be positioned between the manifold and the tissus site and
having a tissue-facing surface and an opposite surface including a plurality of
holes extending therebetween wherein the holes are separated from cach other by
walls, the walls having transverse surfaces extending between the tissue-facing
surface and the opposite surface that form cutting edges with the tissue-facing
surface, and wherein the holes have s perforation shape factor that allows the
holes to collapse from a relaxed position 1o a contracted position in response {0 an
application and removal of negative pressure from the scaled space; and

wherein the cutting edges are adapted to debride the tissue sife in response to movernent

of the debridement too] between the relaxed position and the contracted position.

The system of claim 1, wherein the holes are adapted to collapse from the relaxed
position to the contracted position generally perpendicular to a line of syrometry of the

debridement tool.

The system of claim 1, wherein the holes have the perforation shape factor and a strut
angle are adapted to collapse the holes from the relaxed position to the confracted

position,

The system of olaim 1, whereinu

the holes are adapied to have the perforation shape factor and a strut angle that allows the
holes to collapse from the relaxed position to the contracted posttion; and

the holes are adapted to collapse from the relaxed position to the contracted position

generally perpendicular to a Hoe of symmetry of the debridement tool.

The systerm of claim 3 or 4, wherein the strut angle is about 80 degrees.
o & E=)
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The system of claim 3 or 4, wherein the struf angle is less than about 20 degrees.

The svstem of claim 1, 2, 3, 4, 5, or 6, further comprising a fluid source adapted 1o be

fluidly coupled to the sealed space to provide fluid to the sealed space.

The system of claim 1, 2, 3, 4, §, 6, or 7, wherein the plurality of heles have an average
»d 2 b4 &

effective diameter of about 5 mm.

The system of claim 1, 2, 3, 4, 5, 6, 7 or &, wherein the plurality of holes are formed in

two or more parallel rows.

The system of claim 1,2, 3, 4, 5, 6,7, &, or 9, wherein the perforation shape factor of

cach hole is less than about 1.

. The system of claim 1,2, 3, 4, 5, 6, 7, 8, 9, or 10, wherein a thickness of the debridement

tood s about 15 mm.

. The system of claim 1, 2, 3,4, 5,6, 7, §, 9, 10, or 11, wherein a firmness factor of the

debridement tool is about 3,

. The system of clairmn 1,2, 3, 4,5, 6,7, 8,9, 10, or 11, wherein a firmness {actor of the

debridement tool is about 3.

The systemof claim 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, or 13, wherein a shape of each hele

of the plurality of holes is hexagonal.

. The system of claim 11,2,3,4, 5,6, 7. 8,9, 10, 11, 12, or 13, wherein a shape of each

hole of the plurality of holes s elliptical.

The system of claim 1,2, 3,4, 5.6, 7, 8,9, 10, 11, 12, or 13, whercin a shape of each hole

of the plurality of holes s circular.

The system of claim 1,2,3,4,5,6,7, 8 9,10, 11, 12, or 13, wherein a shape of each hole

of the plurality of holes is triangular,
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The system of claim 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17, wherein the

debridement tool comprises a compressed foam.

.Thesystemofclaim 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17, wherein the

debridement tool comprises a felied foam.

.The system of claim 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12,13, 14, 15, 16, or 17, wherein the

debridement tool comprises a 3D spacer fabric.

The system of claim 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, or 17, whereln the

debridement tool comprises a thermoplastic elastomer.

> Thesystemofclaim 1,2,3,4,5,6,7, 8,9, 10,11, 12,13, 14, 15, 16, or 17, wherein the

debridement tool comprises a themmoplastic polyurethane.
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23, An apparatus for debriding a tissue site, the apparatus comprising:

a tissue interface having a plurality of perforations separated from each other by walls,
and wherein the perforations have a perforation shape factor that is adapted to
collanse the perforations from a relaxed position to a contracted posttion in
response 1o an application and removal of negative pressure; and

wherein perimeters of the perforations formed by the walls are adapted to debride the
tissue site in response to movement of the tssue interface between the relaxed

position and the contracted position.

24, The apparatus of claim 23, wherein the perforations are adapted to colapse from the
relaxed position {o the contracied position generally perpendicular to a line of symmetry

of the Ussue interface.

25. The apparatus of claim 23, wherein the perforations have the perforation shape factor and
a strut angle that are adapted to collapse the perforations from the relaxed position to the

contracted position.

26. The apparatus of claim 23, wherein:
the perforations have the perforation shape factor and a strut angle that are adapted to
collapse the perforations from the relaxed position to the contracted position; and
the perforations are adapted to collapse from the reluxed position to the contracted

position generally perpendicolar to a line of symmetry of the tissue interface.
27. The apparatus of claim 24, 25, or 26, wherein the sirut angle is aboul 90 degrees.
28, The apparatus of claim 24, 25, or 26, wherein the strut angle is less than about 80 degrees.

29, The apparatus of claim 23, 24, 25, 26, 27, or 28, wherein the plurality of perforations

have ap average effective diameter of about § mm.

30, The apparatos of claim 23, 24, 25, 26, 27, 28, or 29, wherein the plurality of perforations

are formed in two or more parallel rows.
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. The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34

. The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35

40

1. The apparatus of claim 23, 24, 25, 26, 27, 28, 29 or 30, wherein the perforation shape

factor of each hole 1s less than about L.

The apparatus of olaim 23, 24, 25, 26, 27, 28, 29, 30 or 31, wherein a thickness of the

tissue inderface is about 15 nun.

. The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, or 32, wherein a fivvoness factor

of the tissus interface ig about §.

. The spparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, or 32, wherein a firmness factor

of the tissue Interface is about 3,

5. The apparatas of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, or 34, wherein the shape

of each hole of the plurality of perforations is hexagonal,

. The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, or 34, wherein 4 shape of

cach hole of the plorality of perforations 1s e}hptica{

. The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 38, 31, 32, 33, or 34, wherein the shape

of cach hole of the plurality of perforations is circular,

The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, ur 34, wherein the shape

of each hole of the plurality of perforations is triangular.

The apparatus of claim 23, 24, 25, 26, 27. 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, or 38,

wherein the fissue interface comprises a compressed foam.

The apparatus of claim 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, or 38,

wherein the tissue interface comprises a felted foam.

Lpd

B
Lad
(¥

5, 36, 37, or 38,

wherein the tissue interface comprises a 3D spacer fabric.

36, 37, or 38,

>

wherein the tissue interface comprises a thermoplastic elastomer.

3. The apparatus of claivo 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, or 3§,
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wherein the tissue interface comprises a thermoplastic polyurethane.
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44, A method for debriding a tissue sile, the method comprising:

positioning a tissue removal ool so that a tissue-facing surface of the tissue removal tool
is adjacont to and covering the tissue site;

the tissue removal tool having & plurality of holes extending between the tissue-facing
surface and an opposite surface that are separated from each other by walls, the
walls having transverse surfaces extending between the tissue-facing surface and
the opposite surface that form cutting cdges with the tissue-{acing surface, and
wherein the holes have 8 perforation shape factor and a stnt angle that allows the
holes {o collapse from a relaxed position to a contracted position generally
perpendicular to a line of symmetry of the tissue removal tool;

positioning a sealing mewber over the tssue removal tool;

sealing the sealing member to tissue surrounding the tissue site to form a sealed space
aving the tissue removal tool thereing

fluidly coupling a negative-pressure source to the sealed space;

supplying negative pressure to the sealed space to collapse the tissue removal tool; and

venting negative pressure from the scaled space to relax the tissue removal tool.

45. The method of claim 44, wherein supplying negative pressure comprises: supplying

negative prassure o the sealed space for about 10 minutes.

46, The method of claim 44, wherein venting the sealed space comprises: venting the sealed

space for about 1 minute.

47. The roethod of claim 44, wherein the method further comprises: fluidly coupling a {luid

source to the sealed space.

4%. The method of claim 47, wherein the method further comprises supplying fluid to the

sealed space with the fluid source.

49, The method of claim 48, wherein supplving fluid to the sealed space further comygwises:

dwelling the fluid in the sealed space for about § minutes,

50, A method for treating a tissue site, the method comprising:
positioning a debridement tool having a plurality of holes and a firnmness factor adjacent

to and covering the tissue site;
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positioning a sealing member over the debridement tool;

sealing the scaling member to tissue surrounding the tssoe site 10 form a sealed space
having the debridement tool therein;

fluidly coupling a negative-pressure source to the sealed space;

supplying negative prossure o the sealed space to contract the debridement tool;

drawing fluids from the tissue site from the sealed space through the plurality of holes;
and

venting vegative pressure from the sealed space to expand the debridement tool.

51. The method of claim 50, wherein supplying negative pressure comprises: supplyiog

negative pressure to the sealed space for about 10 minutes,

52. The method of claim 530, wherein venting the sealed space comprises: venting the sealed

apace for about I minute,

N
Loy

‘The method of claim 50, wherein the method further comprises: fluidly coupling a fhiid

source to the scaled space.

54, The method of claim 53, wherein the method further comprises supplying fluid to the

sealed space with the fiuid source.

55, The method of claim 54, wherein supplying fluid to the sealed space further comprises:

dwelling the fluad in the sealed space for abowut § minutes,
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63,

54.

66,

67.

44

A system for treating a tissues site comprising:

a manifold adapted to deliver negative pressore o the tissue site and having a first
firmness factor;

a cover adapted te form a sealed space over the manifold and the tissue site for receiving
a2 negative pressure from a negative-pressure source; and

a tissue interface adapted to be positioned between the manifeld and the tissue site, the
tissue interface having a second firmness factor that is greater than the first

firmmess factor and a plurality of holes separated from each other by walls,

. The system of clatm 56, wherein the holes have a perforation shape factor and a strot

angle arranging the holes in a pattern on the tissue interface.

. The systern of claim 57 wherein the strut angle is about 80 degrees.

. The system of claim §7, wherein the strut angle is less than about 90 degrees.

The system of any of claims 57-59, wherein the perforation shape factor of each hole is

{ess than about 1.

The system of any of claims 56-6{, further comprising a fluid source adapted to be fhadly

coupled to the sealed space to provide fluid to the sealed space.

The systern of any of ¢laims 56-61, wherein the plurality of holes have an average

gffective diameter of about 5 mm.

The system of any of claims 56-62, wherein the plurality of holes are formed in two or

more parallel rows.

The system of any of claimas 56-63, wherein a thickness of the tissue interface is about 15

i,

. The system of any of claims 56-64, wherein the sccond firmmess factor is about 5.

The system of any of claims 536-64, wherein the second firmness factor is about 3,

The systerm of any of claims 56-66, wherein 4 shape of each hole of the plurality of holes

is hexagonal.
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74,

~d
A

45
. The system of any of claims 55-66, wherein a shape of each hole of the plurality of holes
is clliptical.

. The system of any of claims 56-66, wherein a shape of each hole of the plurality of holes

is circular,

. The system of any of claims 56-66, wherein a shape of each hole of the plurality of holes

is triangular,

1. The system of any of claims 56-70, wherein the tissue interfsce comprises a compressed

foam.

2. The systom of any of claims 56-70, wherein the tissue interface comprises a felted foam.

. The systern of any of claims 56-70, wherein the tissue interface comprises a 3D spacer

fabric,

The system of any of claims 56-70, wherein the tissue interface comprises a thermoplastic

5
cigstomer.

. The system of any of claims 56-70, wherein the tissue mterface comprises a thermoplastic

polyurethane.

76. The systerns, apparatuses, and methods substantially as described herein,
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