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WOUND CONTACTING MEMBERS AND METHODS

FIELD OF THE INVENTION

Embodiments of the present invention relate to wound contacting members and methods,

apparatuses, systems and kits incorporating the same. In particular, but not exclusively,

embodiments relate to foam for preventing or inhibiting tissue in-growth and/or improving

tissue granulation growth, a wound filler configured to prevent or inhibit tissue in-growth

and/or improve tissue granulation growth, a method of treating a wound to prevent or

inhibit tissue in-growth and/or improve tissue granulation growth, and apparatus for

treating a wound. The wound contacting members of the some embodiments may be

used in negative pressure wound therapy (NPWT) applications.. Certain embodiments

relate generally to the treatment of wounds using NPWT, and more specifically to an

improved apparatus and method thereof:

BACKGROUND OF THE INVENTION

NPWT, often referred to as topical negative pressure (TNP) or vacuum assisted closure,

has been shown to be extremely useful in the treatment of many wound types including but

not limited to chronic, complex acute wounds by making the healing thereof faster and

more controlled. Further, NPWT has been shown to be useful in the treatment of burns,

flaps, grafts and incisional wounds. It is to be understood that the term wound may have a

broad interpretation and may include damage to or loss of soft tissue in a mammalian

body. The apparatus used for applying NPWT generally includes a drape or sealing film or

similar to create a closed environment over the wound. An aspirant conduit is brought into

fluid communication with the closed environment and connected at a distal end to a

vacuum source, such as an electrically driven pump or manual pump for example, to

create a negative (reduced) pressure within the wound cavity compared to ambient

pressure. . The reduced pressure causes many beneficial therapeutic effects to the wound

such as increased blood flow, faster growth of granulation tissue, and removal of exudates

away from the wound, for example.

NPWT can be used to treat wounds of many shapes and sizes. The wounds may also

have significant depth and therefore significant volume. Clinicians continue to require

enhanced outcomes from the modern NPWT dressing. In particular, large wounds where

considerable tissue loss has been experienced by the patient often require rapid growth of



tissue before closure can take place. In such cases rapid formation of granulation tissue is .

desirable in order to fill the defect in the tissue and promote wound contraction and finally

re-epithelialization.

Preferably wounds should heal from the base up, and close in from the edges, desirably in

a uniform manner. In particular it is desirable that the wound does not close over and form

an occluded cavity or 'dead space' in the tissue, as such a cavity would be vulnerable to

infection.

To prevent the formation of occluded cavities during NPWT, the wound may be packed

with a filler that desirably has some resilience to resist the compressive forces created

during NPWT, yet allows transmission of negative pressure and fluid flow. A purpose of

the filler is to keep the edges of the wound apart so that they cannot grow over and form

such cavity. When negative pressure is applied to a wound site, there is a tendency for the

filler to collapse and be pushed towards the wound bed. The filler may be shaped by the

clinician to fit the particular wound and placed in the wound to form intimate contact with

the wound bed.

The filler may also provide fluid flow channels in order to provide a uniform reduced

pressure distribution over the surface area of the wound and to promote efficient aspiration

of fluid exudates away from the wound surface (generally into a remote waste ' receptacle

associated with the aspirant conduit or into a storage area within the wound dressing

itself). The presence of a wound filler may also stimulate growth of new tissue by

subjecting the underlying tissue to a degree of stress. It is well known that application of

stress to the cells in the wound resulting from the topography of the wound filler imparting

strain on the wound surface is an important factor in stimulating cell proliferation and

increasing the production of extracellular matrix. It has been shown that by increasing

tissue strain and thus increasing cell stress, proliferation of cells can be increased. .

Known wound fillers often consist of open-celled foam, such as reticulated foam, or gauze.

Both these types of filler allow good transmission of negative pressure and allow fluid

removal, yet suffer from various drawbacks. Foam fillers often suffer from the fact that

tissue can grow into the foam structure. The foam may become stuck to the wound bed,

making the filler difficult to remove when changing the dressing. Newly formed granulation



tissue may be torn away with the foam when the filler is removed, which may cause patient

pain during removal of the filler. This can be traumatic to the wound and to the patient. The

- clinician is often faced with having to compromise between changing a dressing early to

keep tissue in-growth to a minimum and leaving the dressing in place to minimize nursing

time, treatment cost and patient access. This is a particular problem with current open pore

foam fillers (i.e. foam having a very open pore structure). Thus use of open pore wound

fillers tends to be limited to 2 to 3 days, beyond which significant tissue in-growth and

subsequent attachment is thought to occur, at least potentially resulting in damage to the

tissue and pain on removal. Gauze fillers and mixed open-cell/closed-cell foam fillers (e.g.

poly vinyl alcohol based foam) generally perform better with respect to in-growth, but may

be inferior in their ability to induce comparable levels of observed granulation tissue. It is

well known that the inclusion of a wound contact layer located between the filler and the

wound surface reduces the chance of tissue growing into the foam, although again this is

to the detriment of reducing the observed granulation tissue formation. Healing time may

also be lengthened as a result. In many circumstances a wound contact layer is the term

given to a thin sheet or membrane of material that may be positioned directly onto a wound

bed. However, a wound contact could be any layer or member that contacts a wound

bed.

A number of attempts have been described in the prior art to limit tissue in-growth into a

filler. However, this has always been at the expense of limiting granulation tissue growth

and thus overall clinical efficacy. US6,695,823, US2007/0293830, US2008/091521,

US2006/046060, US2008/0317826, US2009/01 05671, (JS2008/0300555,

WO2008/141228, US201 0/01 60876 and WO2009/089016 describe such attempts.

SUMMARY

It is an aim of embodiments of the present invention to at least partly mitigate the above-

mentioned problems.

It is an aim of embodiments of the present invention to provide improved wound contacting

materials compared to known materials.

It is an aim of embodiments of the present invention to provide apparatus and methods for

preventing, minimizing, delaying, reducing or inhibiting tissue in-growth.



ft is an aim of embodiments of the present invention to provide a wound filler or wound

contacting member that reduces in-growth whilst also promoting the formation of

granulation tissue.

According to a first aspect of the present invention there is provided a wound contacting

member for negative pressure wound therapy. (NPVVT), comprising a network of strut

elements separated by pores, wherein at least 90% of the pores have a diameter of

between 2.3 and 5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or

greater, and at least 95% of the strut elements have a thickness of between 0.007 and 0.5

mm, and the wound contacting member includes one or more strut element having a

thickness of 0.23 mm or more, as measured by micro-CT.

According to a second aspect of the present invention there is provided a wound

contacting member for negative pressure wound therapy (NPWT), comprising a network of

strut elements separated by pores, wherein at least 95% of the strut elements have a

thickness of between 0.007 and 0.5 mm, and the wound contacting member comprises

one or more strut element having a thickness of 0.23 mm or more, as measured by micro-

CT, and the wound contacting member has a compressive strain at -120 mmHg of

between about 50 and about 90 %.

According to a third aspect of the present invention there is provided a wound contacting

member for negative pressure wound therapy (NPWT), comprising a network of strut

elements separated by pores, wherein at least 95% of the strut elements have a thickness

of between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, and the strut elements have a total

surface area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-

CT.

According to a fourth aspect of the present invention there is provided apparatus for the

treatment of wounds in a human or animal subject by negative pressure wound therapy

(NPWT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,



wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 90% of the pores have a diameter of between 2.3 and

5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or greater, and at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member includes one or more strut element having a thickness of 0.23 mm or

more, as measured by micro-CT.

According to a fifth aspect of the present invention there is provided apparatus for the

treatment of wounds in a human or animal subject by negative pressure wound therapy

(NPVVT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, as measured by micro-CT, and the

wound contacting member has a compressive strain at -120 mmHg of between about 50

and about 90 % .

According to a sixth aspect of the present invention there is provided apparatus for the

treatment of wounds in a human or animal subject by negative pressure wound therapy

(NPVVT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, and the strut elements have a total

surface area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-

CT.



According to a seventh aspect of the present invention there is provided a kit for use in

negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 90% of the pores have a diameter of between 2.3 and

5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or greater, and at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member includes one or more strut element having a thickness of 0.23 mm or

more, as measured by micro-CT.

According to a eighth aspect of the present invention there is provided a kit for use in

negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements '

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, as measured by micro-CT. , and the

wound contacting member has a compressive strain at -120 mmHg of between about 50.

and about 90 %.

According to a ninth aspect of the present invention there is provided a kit for use in

negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, and the strut elements have a total



surface area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-

CT.

According to a tenth aspect of the present invention there is provided a method of treating

a wound in a human or animal subject, comprising:

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 90% of the pores have a diameter of between 2.3 and 5-5 mm, and

at least 90% of the pores have a diameter of 2.5 mm or greater, and at least 95% of the

strut elements have a thickness of between 0.007 and 0.5 mm, and the wound contacting

member includes one or more strut element having a thickness of 0.23 mm or more, as

measured by micro-CT.

According to a eleventh aspect of the present invention there is provided a method of

treating a wound in a human or animal subject, comprising:.

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 95% of the strut elements have a thickness of between 0.007 and

0.5 mm, and the wound contacting member comprises one or more strut element having a

thickness of 0.23 mm or more, as measured by micro-CT, and the wound contacting

member has a compressive strain at -120 mmHg of between about 50 and about 90 % .

According to a twelfth aspect of the present invention there is provided a method of

treating a wound in a human or animal subject, comprising:

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 95% of the strut elements have a thickness of between 0.007 and

0.5 mm, and the wound contacting member comprises one or more strut element having a

thickness of 0.23 mm or more, and the strut elements have a total surface area of between

30 and 150 mm2 in a 126 mm3 volume, as measured by micro-CT.

According to a thirteenth aspect of the present invention there is provided a wound

contacting member for negative pressure wound therapy (NPWT) selected to reduce pain



upon removal from a wound, the wound contacting member comprising a network of strut

elements separated by pores, wherein the wound contacting member comprises at least

one attribute selected from the group consisting of:

at least 95% of the strut elements having a thickness of between 0.007 and 0.5

mm, and

one or more strut element having a thickness of 0.23 mm or more, as measured by
micro-CT.

The wound contacting element according to this thirteenth aspect may further comprise

bath at least 95% of the strut elements having a thickness of between 0.007 and 0.5 mm,

and one or more strut element having a thickness of 0.23 mm or more, as measured by

micro-CT. The wound contacting element may optionaily further comprise one or more of

the following attributes: !

at least 90% of the pores having a diameter of between 2.3 and 5.5 mm;

at least 95% of the pores having a diameter of 2.5 mm or greater;

the most frequent pore size is between 3.3 and 4.7 mm;

a pore size of between 5 and 25 ppi;

at (east 10% of the strut elements having a thickness of 0.23 mm or more;

a compressive strain at -120 mmHg of between 'about 50 and about 90 %;

a compressive strain at -120 mmHg of between about 50 and about 80 %;

a compressive strain at -120 mmHg of between about 55 and about 75 %;

a total surface area of between 30 and 150 mm2 in a 126 mm3 volume, as

measured by micro-CT;

a total surface area of between 45 and 100 mm2 in a 128 mm3 volume, as

measured by micro-CT; and/or

a total surface area of between 55 and 95 mm2 in a 126 mm3 volume, as measured

by micro-CT.

The wound contacting member may further promote granulation tissue growth at a wound

bed simultaneously with the prevention or reduction of tissue in-growth into the wound

contacting member. The wound contacting member may be foam, which may be

reticulated, polyurethane, and/or polyether polyurethane. The wound contacting member

may have a density between 0.03 and 0.04 g.cm -3.



According to a fourteenth aspect of the present invention there is provided an apparatus

for the treatment of wounds in a human or animal subject by negative pressure wound

therapy (NPWT), comprising a wound contacting member of the thirteenth aspect, and a

cover member configured to form a sealed enclosure around the wound contacting

member when the wound contacting member is applied to the wound bed. The apparatus

may further comprise a connection device for placing the enclosure in fluid communication

with a vacuum source.

According to a fifteenth aspect of the present invention there is provided a method for

treating a wound, comprising applying a wound contacting member of the thirteenth aspect

to a wound bed. The method may further comprise the step of applying a cover over the

wound contacting member to form a sealed enclosure, and/or the step of applying negative

pressure wound therapy (NPWT) to the wound bed. The method may be used to promote

granulation tissue growth at the wound bed simultaneously with preventing or reducing

tissue in-growth into the wound contacting member. The method may apply negative

pressure to the wound for at least 72 hours in the range of -40 mmHg to -200mmHg, the

negative pressure and the wound contacting member promoting the growth of granulation

tissue at the wound, wherein the negative pressure causes the wound contacting member

to compress to decrease the void volume and increase the strut volume. The method may

further comprise removing the cover and the wound contacting member from the wound,

wherein the force required to remove the wound contacting member from the wound is

less than 5 mN. In some embodiments, the application of negative pressure to the wound

causes the wound contacting member to indent into tissue of the wound by about 950 to

about 1000 µιη . In some embodiments, prior to the step of applying negative pressure, the

wound contacting member has a pore volume of about. 90 to about 98% of the total

volume, and after the step of applying negative pressure for at least 72 hours, the wound

contacting member has a pore volume of about 70 to about 90% of the total volume.



Certain embodiments provide the advantage that in-growth of tissue to a wound contacting

member or filler within a conventional time period (such as 3 days) is completely or

substantially prevented. Removal of a wound contacting member from the wound site is

therefore less painful for the patient, and less damaging to the tissue at the wound site

compared to known materials. Certain embodiments provide the advantage that an

advantageous degree of granulation tissue is stimulated by the presence of the wound

contacting member. This enables a faster healing process to be accomplished at the

wound compared to known methods and apparatus. Certain embodiments provide an

improved wound treatment apparatus and method for NPWT (for example at pressure of

between 40 and 200 mmHg below atmospheric).

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are further described hereinafter with reference to the

accompanying drawings, in which:

Figure 1 shows Scanning Electron Microscope images of foams having different

pore sizes;

Figure 2 illustrates NPWT apparatus;

Figure 3 illustrates an alternative NPWT apparatus;

Figure 4 illustrates a foam contacting a wound site under compression from

negative pressure;

Figure 5 is a graph of compressive strain measured for foams with different pore

counts;

Figure 6 shows images of foams contacting a wound bed after NPWT;

Figure 7 is a graph of wound bed imprint depth of different foams after NPWT;

Figure 8 is a graph of granulation tissue grades of different foams after NPWT;

Figure 9 shows graphs of various wound bed characteristics after NPWT;

Figure 10 shows images of foams contacting a wound bed after NPWT;

Figure 11 is a graph of tissue in-growth depth for different foams after NPWT;

Figure 12 show graphs of various force measurements to remove different foams

after NPWT;

Figure 13a illustrates strut size measurements for various foams in an

uncompressed state;



Figure 13b illustrates strut size measurements for various foams in a compressed

state;

Figure 13c illustrates pore size measurements for various foams in an

uncompressed state;

Figure 13d illustrates pore size measurements for various foams in a compressed

state; and

Figure 14 illustrates apparatus to measure compressive strain.

In the drawings like reference numerals refer to like parts.

DETAILED DESCRIPTION

The terms wound contacting member, wound packer material and wound filler are herein

used synonymously to refer to any suitable component used to contact with and/or at least

partly fill a wound, such as foam, gauze or other material. The term wound contact

element is used to refer to individual portions of a wound filler that are capable of actually

contacting with a wound bed.

As used herein, the term in-growth is used in the more usually recognised manner, i.e. to

refer to the formation of tissue that grows at least part way into the pores or cavities of a

wound filler, and encompasses structural elements of the wound filler at least partially,

possibly attaching to the wound filler. That is, the tissue becomes at least partly entangled

with the wound filler by growing within the wound filler, and partially enveloping the filler,

and possibly attaching to the filler material, such that removal of the filler from the tissue

becomes difficult or painful to the patient. In other words, tissue grows to an extent that it

at least partially anchors to or around elements of the wound filler. A point at which tissue

is anchored to a wound filler may be termed an anchor point.

Granulation tissue refers to the newly growing tissue material at a wound site formed to

heal the wound. The tissue is perfused, fibrous connective tissue including a variety of cell

types. The tissue will grow generally from the base of the wound to gradually fill the entire

wound space.



Foam is a substance formed by trapping gaseous bubbles in a solid. As described above,

foams may have very different structures, from a closed cell structure, with no

interconnected gas bubbles (known as pores, i.e. each pore being completely enclosed

and surrounded by material), to varying degrees of an open cell structure having

connected pores and a three-dimensional network structure or 'tessellation' of material

supporting the pores (the tessellation not necessarily being regular). Many variations of

cell structure are possible, with different pore size, different ratios of gas to surrounding

material, etc. The surrounding tessellations of material ' may be formed in different

structures, and each individual section of a tessellation may be referred to as a strut. A

typical strut is identified in Figure 1 by reference number 10. The face of the foam in

contact with the wound therefore comprises spaced apart wound contact elements each

having a wound contact surface. Pores formed by bubbles often tend to form as generally

spherical apertures, and the struts often tend to take a rod-like shape having relatively

thicker ends and a relatively narrower central portion, and with a triangular-like cross-

section.

As used herein, ppi (pores per inch) is used as* a measure of the number of pores over a 1

inch (2.54 cm) straight line of a foam material. A person skilled in the art will understand

that pore size of a standard foam material is specified by manufacturers in industry and

has a certain degree of consistency.

The present inventors have conducted an in-depth study into various types. of foam for use

in contacting a wound bed, and the various parameters associated with such foams.

Surprisingly, it has been found that in one embodiment, foams in which at least 90% of the

pores have a diameter of between 2.3 and 5.5 mm, and at least 90% of the pores have a

diameter of 2.5 mm or greater, and at least 95% of the struts have a thickness of between

0.007 and 0.5 mm, and the foam includes one or more strut having a thickness of 0.23 mm

or more, as measured by micro-CT, work particularly well at both enhancing granulation

tissue growth and preventing or reducing in-growth compared to commonly used foams or

fillers in NPWT.

Additionally, it has also been found that in other embodiments foams in which at least 95%

of the strut elements have a thickness of between 0.007 and 0.5 mm, and one or more

strut element having a thickness of 0.23 mm or more, as measured by micro-CT, and the

foam having a compressive strain at -120 mmHg of between about 50 and about. 90 %,



surprisingly work particularly well at both enhancing granulation tissue growth and

preventing or reducing in-growth compared to commonly used foams or fillers in NPWT.

Last, it has also surprisingly been found that in other embodiments foams in which at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and one or

more strut element having a thickness of 0.23 mm or more, and the strut elements have a

total suriace area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by

micro-CT, also work particularly well at both enhancing granulation tissue growth and

preventing or reducing in-growth compared to commonly used foams or fillers in NPWT.

Other embodiments comprise foams having only one, a combination of two, three, four,

five or all six of the following properties: (1) at (east 90% of the pores have a diameter of

between 2.3 and 5.5 mm, (2) at least 90% of the pores have a diameter of 2.5 mm or

greater, (3) at least 95% of the struts have a thickness of between.0.007 and 0.5 mm, (4)

the foam includes one or more strut having a thickness of 0.23 mm or more, as measured

by micro-CT, (5) the foam having a compressive strain at -120 mmHg of between about 50

and about 90 %, and/or (6) the strut elements have a total surface area of between 30 and

150 mm2 in a 126 mm3 volume, as measured by micro-CT. Further embodiments of

desirable foams are described below.

Despite previous studies indicating that there is always some payoff between tissue

granulation growth and in-growth, the present inventors have surprisingly found a range of

foam parameters in which both the tissue granulation growth can be good (i.e. high) and

the degree of in-growth can be considered good (i.e. low or absent).

It was previously thought that greater granulation tissue formation was associated with

greater attachment of tissue in a wound filler, and that the degree of in-growth to a foam

increases as the pore size increases (e.g. smaller pore size foam such as 60 ppi result in

low in-growth whereas larger pore size foams such as 30 ppi result in larger degrees of in-

growth). However, contrary to this expected result, foams with pore size equating to a

pore count of less than 25 ppi (i.e. around 5 to 25 ppi) were shown by the present

inventors to provide excellent stimulation of granulation tissue and no apparent in-growth,

requiring minimal force to remove the filler from the wound, leading to low disruption of the

wound bed upon removal. In particular, foams with a pore count of 5 to 25 ppi, and

particularly 10 to 20 ppi, and more particularly 15 ppi, were found to be suitable wound



contacting members giving the advantages described herein. These advantages have

been shown primarily in relation to wound treatment under NPWT.

It is believed that when at least 95% of the strut elements have a thickness of between

0.007 and 0.5 mm, and the wound contacting member includes one or more strut element

having a thickness of 0.23 mm or more, as measured by micro-CT, this contributes to the

surprising effects on tissue growth and related properties noted herein.

Embodiments of the present invention have provided surprising new advantages

compared to known apparatus and methods, and new technical effects in the improvement

of granulation growth and in-growth as described herein.

The foams of the present disclosure are highly suitable as a wound filler or other wound

contacting member. Use of the foam could significantly improve the overall dressing

removal experience for patients and clinicians. This could also increase the dressing wear

time and lead to reduced costs. It has been found that surprisingly, granulation tissue

formation does not have to be synonymous with in-growth as previously thought. A person

skilled in the art will realise that with the certain embodiments, different foam materials

could be used to provide the desired effect.

When using the wound contacting member of the present disclosure, NPWT can be

applied to a wound by creating a closed environment over the wound. The apparatus

includes a drape or sealing film or similar. An aspirant conduit is brought into fluid

communication with the closed environment and connected at a distal end to a vacuum

source, such as an electrically driven pump or manua) pump for example, to create a

negative (reduced) pressure within the wound cavity compared to ambient pressure. A

deep wound may be packed with a wound packer or wound filler.

Figure 2 illustrates a generalized view of an embodiment of a NPWT apparatus. Figure 2

illustrates a view of a drape 20 which, in use, is located over and around a wound site 22.

The drape 20 acts as a dressing covering the wound and may be any type of dressing

normally employed with NPWT and, in very general terms, may comprise, for example a

semi-permeable flexible, self-adhesive drape material as is known in the dressings art to

cover the wound and seal with surrounding sound tissue 24 to create a sealed cavity or



void over the wound. This sealed cavity or void is referred to hereinafter as a wound

chamber 26. Hereinafter a chamber is taken to mean an enclosed volume of any

geometry. The chamber may be of fixed or flexible geometry.

As illustrated in Figure 2 wound packer material or filler 28 may be used in the cavity

between a wound bed and the drape. This helps to obtain an even vacuum distribution to

be achieved over the area of the wound, amongst other functions.

An aspiration conduit (suction tube) 30 may be a plain flexible tube, for example, having a

single lumen therethrough and made from a plastics material compatible with raw tissue.

However, the aspiration conduit may alternatively have a plurality of lumens therethrough

to achieve specific objectives. In the example shown, the suction tube is connected from

the wound chamber in turn to a waste collection canister 32 for collecting exudates from

the wound site, and then to a pump for applying the negative pressure. From the exit port

of the waste canister to the final exhaust port of the pump, the fluid is substantially

gaseous only. The waste canister 32 may be provided with one or more filters (not shown)

which prevent the escape via an exit port of liquid and bacteria from the waste canister.

For example, the filters may comprise a 1pm hydrophobic liquid filter and a 0.2pm bacteria

filter such that all liquid and bacteria is confined to an interior waste collecting volume of

the waste canister 32. The pump may further be provided with a silencer system (not

shown) andfor a final filter having an activated charcoal matrix which ensures that no

odours escape with the gas exhausted from the pump via an exhaust port.

Thus, in use, the drape 20 is positioned over a wound site, fluidly connected to the pump,

and negative pressure applied. As the pump is activated, a negative pressure is created in

the aspiration tube 30 and communicated to the wound chamber 26. Treatment may

continue as long as necessary, intermittently or constantly.

it is envisaged that the negative pressure range for the apparatus may be between about

-40mmHg and about -200mmHg (note that these pressures are relative to normal ambient

atmospheric pressure thus, -200mmHg would be around 560mmHg in practical terms).

Aptly, the pressure range may be between about -75mmHg and about -150mmHg.

Alternatively a pressure range of up to -75mmHg, up to -80mmHg or over -80mmHg can-



be used, Also aptly a pressure range of below -75mmHg could be used. Alternatively a

pressure range of over -100mmHg could be used or over -150mmHg. Aptly the pressure of

the wound chamber is between -125mmHg and -20mmHg.

Although NPWT is a beneficial system with which certain embodiments described herein

can be employed, other arrangements can be envisaged without the use of negative

pressure. For example, for less deep wounds, a dressing may be applied including the

above-described foam as a kind of wound contact layer, and a cover layer stretched over

the wound contact layer so as to apply some positive pressure to the wound contact layer

and the wound.

As shown in Figure 3, in some embodiments a wound dressing may be provided in which

the dressing itself includes a storage area to contain exudates removed from the wound

bed, rather than the separate canister described above. For example, the dressing 36 may

include a layer 38 of wound contacting member. A layer of porous material 40, or

transmission layer, allows transmission of fluid including liquid and gas away from the

wound site into upper layers of the dressing. This layer remains open during NPWT, so

that negative pressure can be communicated, and negative pressure is equalized over the

wound site. A layer of absorbent material 42 of foam or non-woven or synthetic material

and optionally superabsorbent material forms a reservoir for fluids removed from the

wound site. A .gas impermeable, moisture vapour permeable, cover layer 44 extends

across the width of the dressing. The cover layer is sealed to the layer 38 in a border

region around the circumference of the dressing. An orifice 46 is provided in the cover

layer 44 to allow negative pressure to be applied to the dressing. A suction port 48 is

sealed to the top of the cover layer over the orifice and communicates, negative pressure

through the orifice. Tubing may couple the port to a suction pump (not shown). A filter

element 50 that is impermeable to liquids but permeable to gasses is provided to act as a

liquid barrier, ensuring no liquids escape from the wound dressing. Further details of such

a wound dressing and associated devices and methods are found in U.S. Publication No.

201 1/0282309 A 1, the entirety of which is hereby incorporated by reference.

As such, a wound contacting member for negative pressure wound therapy (NPWT) of one

embodiment is provided, comprising a network of strut elements separated by pores,

wherein at least 90% of the pores have a diameter of between 2.3 and 5.5 mm, and at



least 90% of the pores have a diameter of 2.5 mm or greater, and at least 95% of the strut

elements have a thickness of between 0.007 and 0.5 mm, and the wound contacting

member includes one or more strut element having a thickness of 0.23 mm or more, as

measured by micro-CT.

Another wound contacting member for negative pressure wound therapy (NPWT) is

provided, comprising a network of strut elements separated by pores, wherein at least 95%

of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member comprises one or more strut element having a thickness of 0.23 mm or

more, as measured by micro-CT, and the wound contacting member has a compressive

strain at -120 mmHg of between about 50 and about 90 %.

Yet another wound contacting member for negative pressure wound therapy (NPWT) is

provided, comprising a network of strut elements separated by pores, wherein at least 95%

of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member comprises one or more strut element having a thickness of 0.23 mm or

more, and the strut elements have a total surface area of between 30 and 150 mm2 in a

126 mm3 volume, as measured by micro-CT.

In any of the embodiment described herein, at least 10% of the struts may have a

thickness of 0.23 mm or more, as measured by micro-CT.

In any of the embodiments described herein, at least 90% of the pores may have a

diameter between 2.3 and 5.5 mm. More aptly at least 95% have this diameter.

In any of the embodiments described herein, the member may have a compressive strain

at -120mmHg of between 50 to 80%, 50 to 90%, and more aptly between 55 and 75 % .

In any of the embodiments described herein, the member may have a surface area of

between 30 to 150 mm2 in a 126 mm3 volume. More aptly, the member has a surface area



of between 45 to 100 mm2 in a 126 mm3 volume, and even more aptly between 50 and 95

mm2.

In any of the embodiments described hereinthe material may be a foam, particularly

reticulated foam. An embodiment of an apparatus suitable for treating wounds in a human

or animal subject by NPWT may include a wound contacting member as described above,

and a cover member.

Factors associated with foam pore size include void volume, strut size, strut thickness,

material composition, material compressibility, anisotropy of pore dimensions, total surface

area of materia), and foam density.

It has been confirmed that differences in pore size of foam material can influence the

degree of both tissue in-growth and granulation tissue growth.

Pore size of a foam can be related to the strut width (and strut strength'- which may

depend on density of the strut material). Without wishing to be bound by theory, it is

believed that the pore size and strut width affect the extent or degree of indentation of a

foam into tissue of a wound bed. It is further believed that indentation of foam into a tissue

affects the stress on the tissue and strain within the tissue. For example, when a foam

filler is applied to a wound using a NPWT apparatus, the foam struts push down on the

wound surface during compression, while reduced pressure acts to urge the wound

surface into the pores between the struts. This simultaneous pushing and pulling may

result in strain known as 'microdeformational strain'. It is yet further believed that stress

and strain received by a tissue affects the production of granulation tissue; and cell

infiltration of leukocytes and tissue reorganisation are recognised as early indicators of the

occurrence of granulation tissue formation.

In addition, stiffness and compressibility of a foam material will also affect the extent or

degree of indentation of the foam into tissue.



Thus it is recognised that micro-deformational strain from foam struts contacting and

exerting an amount of stress on a wound bed helps to promote granulation tissue growth

and thus rapid healing.

Without wishing to be bound by theory, it is believed that in-growth of a tissue into a foam

may be affected by one or more of pore size, strut size, strut surface area, and

compressibility of the foam. The. pore size may be affected by compressibility of the

material of the foam (with a greater compressibility when subjected to negative pressure

effectively reducing pore size and increasing strut surface area of the foam contacting the

wound). The larger strut size (width) and thus greater wound contact area is thought to

physically block tissue in-growth into a foam. A larger strut can limit the ability of tissue to

grow into and around the foam sufficiently to block attachment of tissue within the foam.

The strut surface area may be affected by compressibility of the material of the foam when

subjected to negative pressure (with a greater compressibility effectively reducing pore

size and increasing strut surface area of the foam contacting the wound). The

compressibility of the .material may affect the pore size (with a greater compressibility

when subjected to negative pressure effectively reducing pore size and increasing strut

surface area of the foam contacting the wound).

It is realised that application of negative pressure will affect the characteristics of the foam.

That is, on application of negative pressure to a foam the percentage void volume will

decrease, the percentage strut volume and surface area will both increase, the pore size

will decrease and the pore shape will change (increasing anisotropy).

Suitable foams for use may include polyurethane (such as polyester urethane and

polyether urethane), polyolefins (such as polyethylene), polyvinyl alcohol, silicone,

hydrocortisone acetate, ethylene vinyl acetate, cellulose, cellulose acetate, and blends

thereof such as polyester-silicone for example.

Vishal Saxena et al (Journal of Plastic & Reconstructive Surgery, Vol. 114, No. 5, 1086-

1096) describe the use of computer simulations of various porous wound fillers and their

effects on the tissue strain of the wound bed.



Without wishing to be bound by theory, it is believed that the relatively larger pore size of

foams according to embodiments of the present disclosure allows a relatively larger space

for underlying tissue to grow into. However, because of the strut presence between the

pore area, the struts can indent to a significant depth into the tissue, causing a large

degree of micro-strain and therefore promoting a high amount of granulation tissue growth

formation. Because the struts are large and the intervening space capacity is large (i.e. at

the given density of material), tissue is inhibited or slowed from growing over the top of the

struts into the adjacent structure of the foam.

It was noted during experimentation that a large difference in surface area existed between

foams having a pore count of 30 ppi or more, and those having a pore count of less than

30 ppi (at similar density). It is thought that whilst foams having 5 to 25 ppi encourage

granulation tissue, the noticeably lower surface area helps to avoid tissue growing into and

attaching to the foam. In general, it has previously been thought that with a very small

pore size, tissue in-growth is low, because there is less granulation tissue growth, and that

as pore size increases, granulation tissue growth increases, as does in-growth. However,

the inventors have found that foams having 5 to 25 ppi in one embodiment of the invention

have little in-growth. In other embodiments, foams having the strut properties described

above have little in-growth.

With certain embodiments, wound contact elements are spaced so as to promote

granulation tissue growth, and yet have sufficient spacing (and/or depth) to prevent tissue

in-growth. ^

Formation of granulation tissue is promoted in locations adjacent wound contact elements.

In accordance with embodiments of the present disclosure, coalescence between such

locations of tissue may be prevented or inhibited by the particular choice of wound contact

element spacing and/or the pore depth.

Typically foam compression under NPWT treatment is observed to be not evenly

distributed over the volume of a foam. Often compression of pores and struts become

gradually greater in a direction away from the wound bed. A schematic illustration of the

compression of foam under negative pressure is shown in Figure 4 . Figure 4 only

illustrates foam struts in cross section, as a simplistic illustration of the effect. 'It can be

seen from Figure 4 that under NPWT, (the direction of application identified generally by



arrows N.P.), the foam tends to be more open along the edge of the foam that contacts the

contact surface or wound bed.

Furthermore, it was noted that foams with the above-mentioned suitable characteristics

also created a 'buckling' effect when tested under negative pressure. The foam struts had

dimensions that created a particularly slender strut form, and under negative pressure the

struts on the edge of the foam facing the wound bed (the 'first layer' of struts) would

function in the usual manner, contacting and applying stress to the tissue at the wound

bed. Yet the struts behind that first layer of struts would buckle over, creating a kind of

blanket effect behind the first layer of foam struts. A study checking the compressibility of

the foams of different pore sizes confirmed that the foams with the above-mentioned

suitable characteristics went against the trend of foams with larger pore sizes that had

lower compressibility (see Figure 5). Such a blanket formation may also lead to the

physical blocking of tissue growing into the foam pores creating in-growth.

Experimental data

The present inventors tested various parameters of foams having different .ppi (pores per

inch). The foam material was a standard open cell fully reticulated polyether polyurethane

foam available from Acoustafoam Limited in Telford, Shropshire, UK. The chemical

composition of each foam sample was confirmed to be the same as the other foams tested

using infra-red spectroscopy.

Example 1

The inventors tested parameters of a number of foams having different pore counts

including 15 ppi, 30 ppi, 45 ppi and 60 ppi foam. Results are shown in Table 1, below.

The inventors viewed the foams under stereomicroscope and scanning electron

microscope (SEM). Images from the SEM study are shown in Figure 1 . The inventors

also viewed the foams in a compressed state under SEM.

The inventors calculated foam density and foam Openness' including the percentage of

struts, surface area of the struts, percentage of pores, and anisotropy of the pore space,

using the techniques described below under 'Measurement Techniques'. Specifically, all



measurements other than average density were measured by micro-CT analysis as

described below.

Table 1

Aptly, the wound contacting member has an average density of between about 0.002 and

about 0.004 g.cm-3.

Aptly, the wound contacting member has between about 2.5 and about 3 % struts in the

total volume.

Example 2

The inventors studied the effects of foams with different pore sizes under NPWT in an in-

vivo porcine wound model. Wounds were created, a piece of foam was sutured to the

wound for histological purposes, a further circular piece of foam of 6 cm diameter and

2mm deep was added to the wound for pull-out force data purposes, and then the wound

was treated with NPWT. Each wound was circular (i.e. having a circular wound base), 6

cm in diameter and 2 cm deep, reaching subcutaneous tissue.



After 72 hours NPWT at -125mmHg constant pressure, the foam and underlying wound

bed were cut away and inspected histologically using light microscopy. Images of the

results are shown in Figure 6. As can be seen from Figure 6 , the indentation of the strut

115 of the 15 ppi foam into the tissue of the wound bed 102 is significantly greater than the

indentation of the strut 130 of the 30 ppi foam.

The average depth of imprint of the foam into the wound bed was also measured

histologically. Tabulated results are shown in Figure 7. It is clear that the foam with .15 ppi

gave a significantly larger depth of imprint into the wound bed than any other sample.

Aptly, the depth of imprint into a wound bed is between about 900 and about 1200 um.

More aptly, the depth of imprint is between about 900 and about 1000 pm.

The granulation tissue formed adjacent to the foam was also studied visually and graded

on a scale of 0 to 5, 0 being a complete absence of newly formed granulation tissue and 5

being the strong presence of granulation tissue as observed by two independent clinicians.

The 15 ppi foam gave the greatest level of observed granulation tissue formation

compared to the other samples. Tabulated results are shown in Figure 8 . Again, as

shown the 15 ppi foam scored the highest rating for degree of granulation tissue formation

compared to the other foams.

In addition, early signs of granulation were noted. In particular, Figure 9 shows graphs of

the number of leukocytes (white blood cells involved in the early inflammatory phase of

wound healing) present per pm2 for the different pore counts of foam. The results are

given for the foam present at the base of a wound. In addition, there is shown the degree

of tissue reorganisation, measured by depth of reorganisation in pm, for the foam present

at the base of a wound. It can be seen that the 15 ppi- foam leads to a higher infiltration of

leukocytes over a given area as well as a greater degree of tissue reorganisation than the

other foams tested. As such, the higher number of leukocytes present after using the, 15

ppi foam indicates tissue granulation growth may be increased or faster compared to the

other foams tested.

The above-mentioned histological review of the wound sites and foams were also used to

inspect whether any in-growth of tissue into the foam was present after the 72 hour NPWT

session. As shown in Figure 10, the strut 215 of the 15 ppi foam is deeply embedded into

the wound bed 202, yet there is no tissue formation growing over the strut. In contrast, the



strut 230 of the 30 ppi foam has a visibly significant amount of tissue growth located over

the strut. As such, it is likely that the foams with visible tissue growth over the struts would

damage that overlying tissue upon removal of the foam from the wound site.

In addition to the visual inspection, the depth of the tissue growth into the foam was also

measured for each foam sample histologically. As shown in Figure 11, it can be seen that

the 15 ppi foam had a growth depth of 0 pm (i.e. no tissue grew beyond the foam struts),

whereas the other samples have significantly larger amount of growth, of at least 300 pm

or more above the foam struts. Preferably the growth depth is zero to avoid the drawbacks

mentioned above such as patient pain on removal of the wound filler. However, a growth

depth of 100 pm or 50 pm or less is better than the larger growth depths exhibited by the

foams of 30 ppi and above.

Furthermore, the inventors went on to measure the force required to remove foam pieces

of various pore counts from a wound after the above-described 72 hour NPWT session.

This was achieved by attaching a rig to the foam piece, the rig being tied to a force

measuring device (a Newtonrneter). The rig included four pairs of forceps attached at

equal spacing to the foam piece, and each set of forceps being attached by wire to the

hook of the Newtonrneter. The Newtonrneter was suspended above the wound site, and

connected via a cord to a computer for recording the force over time. The Newtonrneter

was pulled in a direction directly away from the wound site at a constant speed of 4 mm/s

and the force required to remove the foam from the wound site was recorded. Maximum

force, average force and area force were recorded (in mN). For each measurement, the

computer recorded force readings over the time period the sample was being pulled away

from the wound. Maximum force was the maximum force needed over that pull-out period

for each sample. Average force was the average (mean) force of all the readings taken

over that pull-out period for each sample. The results are shown graphically in Figure 12,

and below in Table 2 . It can be seen that the 15 ppi foam showed a significantly lower

maximum force required, average force required, and area force.

It is believed .that the distinctly lower force required to remove the 15 ppi foam from the

wound site supports the fact that zero or minimal in-growth occurred in the 15 ppi foam.



Aptly, the average pull-out force under the above-mentioned conditions is between about

0.1 and about 5 mN. An average pull-out force of between about 0.1 and about 3 mN is

more apt, and between 0.1 and 2 mN is even more apt.

As such, the average pull-out force per unit area is aptly less than 0.177 mN/cm 2, or more

aptly less than 0.106 mN/cm2 or more aptly less than 0.071 mN/cm2

Table 2



Example 3

The inventors tested parameters of a number of foam pieces having different pore counts

including 10 ppi, 15 ppi, 20 ppi and 30 ppi. The results are shown in Table 3. The results

shown in Table 3 relate to uncompressed (at rest) foam samples, unless labelled as 'under

compression'. For the 'under compression' data, samples of 40 mm x 18 mm x 30 mm

(thickness of 30 mm) were compressed by sandwiching between two plastic slides and

taping together, such that the sample had a thickness of 6 mm.

Table 3





Example 4

The inventors tested the surface area of a number of foams of different ppi in an

uncompressed and compressed state. The results are shown below in Table 4 . The

surface area was measured by micro-CT using the techniques described below under

"Measurement techniques". For the 'compressed' data, samples of 40 mm x 18 mm x 30

mm (thickness of 30 mm) were compressed by sandwiching between two plastic slides

and taping together, such that the sample had a thickness of 6 mm.

Table 4



Example 5

The inventors investigated the distribution of pore size and strut thickness of foam samples

having different ppi. The foam samples were investigated using micro-CT analysis, as

described below under 'Measurement techniques'.

Foam samples of various different ppi were investigated. Results of notable interest are

shown in Figures 13a to 13d. Specifically, Figure 13a illustrates a graph showing the

percentage of total struts at each strut size present, for foams of different ppi under no

compression. A graph showing the percentage of total struts at each strut size present, for

foams of different ppi under compression is shown in Figure 13b. A graph showing the

percentage of total pores at each pore size present, for foams of different ppi under no

compression is shown in Figure 13c. A graph showing the percentage of total pores at

each pore size present, for foams of different ppi under compression is shown in Figure

13d.

Measurement techniques

Micro-CT (Micro Computed Tomography)

The sample preparation for the Micro-CT analysis involved fixing a section of

approximately 25 mm by 25 mm by 70 mm in height of the NWPT foam directly onto a

brass pin sample holder (noting that the actual imaged area equated to approximately

14mm in height).

The Micro-CT images were acquired on a Skyscan 1172 Micro-CT using a micro focused

X-ray source with a voltage of 60kV and a current of 167µΑ . X-ray shadow images were

acquired with a 0.2 deg step size over a 180 deg acquisition angle, with a pixel resolution

of 5pm x 5pm. Foams were also imaged using a 0.4 deg step size, with a pixel resolution

of 17pm x 17pm and using a double scan that resulted in an imaged height of ~28mm.

This was to encompass more of the foam sample, especially the larger pore sizes for

these foams. The X-ray shadow images were reconstructed to 3D cross-sections using a

reconstruction program (N-Recon) supplied by Skyscan.



For the Micro-CT calculations a Volume Of Interest (VOI) was selected from the acquired

images that encompassed a proportion of the struts and pores. A VOI was selected in

order to reduce the computational processing time to. around 3 hours per sample and

varied depending on the pore size of the foam.

The following parameters were calculated:

- - Strut size

- Strut surface area (normalised to the volume of interest [VOI] for the 80ppi foam

(126 mm3) to allow a comparison between the foams to be carried out)

- Pore size

- % void volume

Strut surface area was calculated from the data acquired during the CT scan. A volume of

, interest for each foam sample is found, and then normalised to that of an 80 ppi sample to

allow comparisons to be made. Specifically, in a given volume of 126 mm3 foam, the

surface area of all external surfaces of the struts present was found.

Strut size was calculated by a sphere fitting model and involved the acquisition of multiple

measurements from each strut over a number of struts. A number of spheres were fitted to

each strut as closely as possible to match the strut dimensions, and the diameter of each

sphere was measured by SEM. The strut width ranges noted above in Table 2 are the

distribution of all diameters for all struts viewed.

Pore size calculation was based upon a computational procedure in which a sphere is

fitted into the pore space and the diameter of the sphere is measured and taken as the

pore size. .

Scanning Electron Microscopy

Images were collected using a FEI Inspect S SEM operating at 5kV accelerating voltage,

spot size 2.5. Images were collected at 80x magnification. A selection of strut widths of

compressed foams was measured using the instrument software.



Optical Microscopy

Light microscope images were collected using a Zeiss Discovery V12 stereomicroscope

with Axiovision software. A selection of strut widths of compressed foams was measured

using the instrument software.

Initial Modulus (Young's Modulus)

To prepare the foams for compression testing, circular sections were cut out using a cutter

(54mm /E) and a hydraulic press. The vertical height of each foam section was then

allowed to recover (~6hrs) before being measured with a thickness gauge. The measured

foams were then tested in uniaxial compression on an Instron 5569. The utilised test

parameters are shown in Table 5.

Table 5: Test parameters

The Young's modulus was calculated between 1 and 4% strain using an automatic

algorithm in the Instron Bluehill (Version 2.6) control software. -

Density



The dimensions of a foam block (approximately 70mm2) were measured using a digital

caliper and then the volume of the block was calculated. The foam block was then weighed

and the density calculated.

Compressive Strain at -120 mmHq

The basic experimental set-up is shown in Figure 14. A foam sample 402 is positioned

between a set of Perspex sheets 404,406, the top sheet having an aperture 408. The

method includes the following steps.

1. Place the Perspex plates and foam sample on to a piece of plastic wrap (cling film)

410 (large enough to enclose all components) in the order shown in Figure 14.

2 . Fold the plastic wrap around the components to completely seal the system

ensuring that one side of the top of the plates is smooth and covered only by one

layer of cling film to allow measurement.

3. Measure the thickness of the entire system (A) using a digital caliper.

4 . Make a small hole in the film over the aperture in the top plate.

5 . Position a vacuum port 412 connected to a pump, such as the Renasys EZ pump

available from Smith & Nephew PLC (not shown), over the hole and hold while

switching on the pump (set at -120 mmHg or desired level). There will be enough

adhesion between the port and film to maintain a seal.

6 . Ensure the foam sucks down and wait 60 seconds before measuring the new

thickness. This time lapse is required to ensure the foams have compressed as far

as possible.

7 . Measure the thickness (B) in the same position as the initial measurement.

8 . Blank measurements (C) are made using the above method but omitting the foam.

9 . Compressive strain is determined by the following calculation:

Foam thicknesses compressed and uncompressed are calculated by subtracting the blank

values from those measured with the foam in place:

Uncompressed foam thickness D = A - C

Compressed foam thickness E = B - C

% Compressive strain = (D - E)*100/D



It is noted that in the present example, pore size was calculated by micro-CT

measurements. Of course pore size could also be calculated by using a number of

reference materials and a pressure drop, for example.

With the above-described embodiments, a foam for wound filling or wound contacting use

is easy to use, promotes granulation tissue growth, and prevents or reduces tissue in¬

growth. Further benefits include reduced risk of infection due to dressing changes,

reduced patient discomfort, reduced clinician time in applying or removing the wound care

arrangement, and possibility of increased contact time of the filler with a wound.

Various modifications to the detailed designs as described above are possible. For

example, although a foam material has been used in the above described embodiments, it

would be possible (although not necessarily as advantageous) to use other substrates to

contact the wound, such as nets or polymer slabs containing perforations. For example,

the net could be scrunched to pack a wound so that the wound bed is in contact with the

pores of the net. The net, polymer slab and/or foam could be used in combination as a

wound contacting member. For example, a styrene/butadiene copolymer net mesh with

dimensions 1.5 x 2 mm and a strut width of 0.25 mm and thickness of 0.4 mm (such as is

available from Conwed Plastics, Minneapolis, USA under product code XO 2550-002 SBD)

could be used. Alternatively a thermoplastic polyurethane with pore size 0.6 x 1.0 mm and

strut width of 0.4 mm and thickness 0.5 mm (also available from Conwed under product

code TP2000-001TPU) could be used.

As described above, it will be appreciated that the materials may be used in conjunction

with NPWT, as a wound filler, for example, or as a stand-alone wound contacting member

for wound dressing purposes. The foam may only partially fill a wound, may be used in

conjunction with other materials, or equally may be used as a wound contact layer of a

dressing suitable for shallower wounds, for example.

Other embodiments can be seen in the following paragraphs:

Apparatus for the treatment of wounds in a human or animal subject by negative pressure

wound therapy (NPWT), comprising: a wound contacting member for applying to a wound

bed; a cover member configured to form a sealed enclosure around the wound contacting



member when the wound contacting member is applied to the wound bed, wherein, in use

after NPWT has been applied to the sealed enclosure for 3 days, the wound contacting

member shows an absence of anchor points. Alternatively, the wound contacting member

may show less than 10%, or more preferably 5% coverage of anchor points, wherein the

percentage of anchor points is calculated based on the number of struts juxtaposed with

the wound bed available to form anchor points on a surface of the wound contacting

member. For example, if in a given area there are 100 struts notionally available to the

wound bed to form anchor points and 5 struts do form anchor points, then this is 5 % .

A method of treating a wound in a human or animal subject, comprising: applying a wound

contacting member to contact a wound bed, covering the wound contacting member with a

cover member to form a sealed enclosure; and applying NPWT to the sealed enclosure for

3 days, wherein after the step of applying NPWT the wound contacting member shows an

absence of anchor points. Alternatively, the wound contacting member may show less than

10%, or more preferably 5% coverage of anchor points.

Apparatus for the treatment of wounds in a human or animal subject by negative pressure

wound therapy (NPWT), comprising: a wound contacting member for applying to a wound

bed; a cover member configured to form a sealed enclosure around the wound contacting

member when the wound contacting member is applied to the wound bed, wherein, in use

after 2 or 3 days of NPWT the wound contacting member can be removed from the wound

bed by a force of less than 5 mN. Aptly, the wound contacting member can be removed by

a force of less than 3mN, and more aptly 2 mN.

A method of treating a wound in a human or animal subject, comprising: applying a wound

contacting member to contact a wound bed, applying NPWT to the wound for 2 or 3 days,

wherein after the NPWT the wound contacting member can be removed from the wound

bed by a force of less than 5 mN. Aptly, the wound contacting member can be removed by

a force of less than 3mN, and more aptly 2 mN.

A method of treating a wound in a human or animal subject, comprising: applying a wound

contacting member to contact a wound bed, wherein the wound contacting member having

a network of strut elements separated by pores wherein at least 90% of the pores have a

diameter of between 2.3 and 5.5 mm, and at least 90% of the pores have a diameter of 2.5

mm or greater, and at least 95% of the strut elements have a thickness of between 0.007



and 0.5 mm, and the wound contacting member includes one or more strut element having

a thickness of 0.23 mm or more, as measured by micro-CT, and then covering the wound

contacting member with a cover member to form a sealed cavity, and applying negative

pressure to the cavity, thereby promoting granulation tissue growth at the wound bed, and

after a predetermined period of time, removing the wound contacting member from the

wound bed, wherein the wound contacting member can be removed from the wound bed

by a force of less than 5 mN. Aptly, the wound contacting member can be removed by a

force of less than 3mN, and more aptly 2 mN.

A method of treating a wound in a human or animal subject, comprising: applying a wound

contacting member to contact a wound bed, the wound contacting member having a

network of struts separated by pores, wherein at least 95% of the struts have a thickness

of between 0.007 and 0.5 mm, and the wound contacting member has at least one strut

having a thickness of 0.23 mm or more, as measured by micro-CT, and the wound

contacting member having a compressive strain at--120 mmHg of between about 50 and

about 90%, and then covering the wound contacting member with a cover member to form

a sealed cavity, and applying negative pressure to the cavity, thereby promoting

granulation tissue growth at the wound bed, and after a predetermined period of time,

removing the wound contacting member from the wound bed, wherein the wound

contacting member can be removed from the wound bed by a force of (ess than 5 mN.

Aptly, the wound contacting member can be removed by a force of less than 3mN, and

more aptly 2 mN.

A method of treating a wound in a human or animal subject, comprising: applying a-wound

contacting member to contact a wound bed, the wound contacting member having a

network of struts separated by pores, wherein at least 95% of the struts have a thickness

of between 0.007 and 0.5 mm, and the wound contacting member has at least one strut

having a thickness of 0.23 mm or more, and the struts have a total surface area of

between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-CT, and then

covering the wound contacting member with a cover member to form a sealed cavity, and

applying negative pressure to the cavity, thereby promoting granulation tissue growth at

the wound bed, and after a predetermined period of time, removing the wound contacting

member from the wound bed, wherein the wound contacting member can be removed

from the wound bed by a force of less than 5 mN. Aptly, the wound contacting member can

be removed by a force of less than 3mN, and more aptly 2 mN.



A foam having pores having at least 90% of the pores have a diameter of between 2.3 and

5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or greater, as measured

by micro-CT, and a pull-out force of less than 5 mN when applied to a wound bed of a

human or animal subject and tested under 72 hours NPWT. Aptly, the foam can be

removed by a force of less than 3mN, and more aptly 2 mN.

A foam having struts wherein at least 95% of the struts have a thickness of between 0.007

and 0.5 mm, and the foam has at least one strut having a thickness of 0.23 mm or more,

as measured by micro-CT, and a pull-out force of less than 5 mN when applied to a wound

bed of a human or animal subject and tested under 72 hours NPWT. Aptly, the foam can

be removed by a force of less than 3mN, and more aptly 2 mN.

In a method of NPWT for the promotion of wound healing, the improvement comprising

using a foam comprising a network of strut elements separated by pores, at least 90% of

the pores having a diameter of between 2.3 and 5.5 mm, and at least 90% of the pores

have a diameter of 2.5 mm or greater, as measured by micro-CT.

In a method of NPWT for the promotion of wound healing, the improvement comprising

using a foam comprising a network of strut elements separated by pores, at least 95% of

the strut elements have a thickness of between 0.007 and 0.5 mm, and the foam has at

least one strut element having a thickness of 0.23 mm or more, as measured by micro-CT,

and the foam having a compressive strain at -120 mmHg of between about 50 and about

90%.

In a method of NPWT for the promotion of wound healing, the improvement comprising

using a foam comprising a network of strut elements separated by pores, wherein at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and the foam

comprises one or more strut element haying a thickness of 0.23 mm or more, and the strut

elements have a total surface area of between 30 and 150 mm2 in a 126 mm3 volume, as

measured by micro-CT.

A method of promoting healing of a wound in a human or animal patient, comprising

applying to a surface of the wound a wound filler having pores, at least 90% of the pores

have a diameter of between 2.3 and 5.5 mm, and at least 90% of the pores having a



diameter of 2.5 mm or greater, and at least 95% of struts separating the pores having a

thickness of between 0.007 and 0.5 mm, as measured by micro-CT; and subjecting the

wound filler to a negative pressure.

A method of promoting healing of a wound in a human or animal patient, comprising

applying to a surface of the wound a wound filler having struts, at least 95% of the struts

have a thickness of between 0.007 and 0.5 mm, and the filler having at least one strut

having a thickness of 0.23 mm or more, as.measured by micro-CT, and the filler having a

compressive strain at -120 mmHg of between about 50 and about 90%; and subjecting the

wound filler to a negative pressure.

A method of promoting healing of a wound in a human or animal patient, comprising

applying to a surface of the wound a wound filler having struts, and at least 95% of the

struts having a thickness of between 0.007 and 0.5 mm, and the filler comprising one or

more strut having a thickness of 0.23 mm or more, and the struts having a total surface

area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-CT; and

subjecting the wound filler to a negative pressure.

A method of treating a wound in a human or animal subject, comprising: applying a wound

contacting material to a wound bed, applying negative pressure to the wound filler to form

an imprint in the wound bed of between 900 and 1200 µηη . Aptly negative pressure is

applied to form an imprint of between 900 and 1000 µιη .

A wound contacting member for negative pressure wound therapy (NPWT), comprising a

network of strut elements separated by pores, wherein the strut e\ements are spaced apart

by a distance sufficient to promote granulation tissue growth at the wound bed yet

substantially prevent tissue in-growth.

A method of testing the suitability of a wound contacting member, comprising: applying a

wound contacting member to a porcine wound; for a predetermined period of time applying

NPWT; and determining the suitability of the wound contacting member by removing the

wound contacting member with a force of less than 5 mN. Aptly, the wound contacting

member can be removed by a force of less than 3mN, and more aptly 2 mN.



A wound dressing comprising a wound contacting member, wherein when the wound

contacting member is applied to a porcine wound; and for a predetermined period of time

NPWT is applied, the wound contacting member can be removed from the wound with a

force of less than 5 mN. Aptly, the wound contacting member can be removed by a force

of less than 3mN, and more aptly 2 mN.

A wound contacting member for use in negative pressure wound therapy (NPWT)

comprising a network of strut elements separated by pores, the pores and strut elements

being configured such that when, in use, the wound contacting member is contacted with a

wound surface of a mammalian subject for a period of 72 hours during which NPWT is

applied, of the first struts encountered when moving along any lines extending orthogonally

away from the wound bed, at least 90% have a surface distal from the wound bed which is

not in contact with tissue. More preferably 95% or 99% or 100% of the first struts have a

surface distal from the wound bed which is not in contact with tissue.

Yet other embodiments can be seen in the following paragraphs:

1. A method for treating a wound, comprising:

positioning a wound contacting member into contact with the wound, the

wound contacting member comprising a network of struts separated by pores and

having a pore size of between 5 and 25 ppi;

positioning a cover over the wound contacting member to form a sealed

environment over the wound;

providing negative pressure from a vacuum source in fluid communication

with the sealed environment to transmit negative pressure through the wound

contacting member to the wound;

applying negative pressure to the wound for at least 72 hours in the range

of -40 ,mmHg to -200mmHg, the .negative pressure and the wound contacting

member promoting the growth of granulation tissue at the wound, wherein the

negative pressure causes the wound contacting member to compress to decrease

the void volume and increase the strut volume; and



removing the cover and the wound contacting member from the wound,

wherein the force required to remove the wound contacting member from the

wound is less than 5 mN.

2 . The method of paragraph 1, wherein at least 90% of the pores have a diameter of

between 2,3 and 5.5 mm as measured by micro-computed tomography.

3 . The method of paragraph 1 or 2, wherein at least 95% of the struts have a thickness

between 0.007 and 0.5 mm as measured by micro-computed tomography.

4 . The method of any of paragraphs 1-3, wherein the application of negative pressure to

the wound causes the wound contacting member to indent into tissue of the wound by

about 950 to about 1000 µητ

5. The method of any of paragraphs 1-4, wherein the wound contacting member has a

compressive strain at -120 mmHg of between about 50% and about 90%.

6 . The method of any of paragraphs 1-5, wherein the wound contacting member comprises

foam.

7. The method of any of paragraphs 1-6, wherein prior to the step of applying negative

pressure, the wound contacting member has a pore volume of about 90 to about 98% of

the total volume, and after the step of applying negative pressure for .at least 72 hours, the

wound contacting member has a pore volume of about 70 to about 90% of the total

volume.

8 . The method of any of paragraphs 1-7, wherein after the step of applying negative

pressure for at least 72 hours, the wound contacting member shows an absence of anchor

points.

9 . A method of measuring in-growth of tissue into a wound contacting member under

negative pressure, comprising:

positioning a wound contacting member into contact with the tissue, the

wound contacting member comprising a network of struts separated by pores;

positioning a cover over the wound contacting member to form a sealed

environment;

applying negative pressure from a vacuum source in fluid communication

with the sealed environment to transmit negative pressure through the wound

contacting member to the tissue; and



measuring the in-growth of tissue into the wound contacting member,

wherein said measurement is performed by one or both of:

(i) measuring the number of points at which tissue is anchored

to the wound contacting member; and

(ii) measuring the arhount of force needed to remove the wound

contacting member from the tissue.

10. The method of paragraph 9, wherein the wound contacting member comprises foam.

11. The method of paragraph 9 or 10, wherein the tissue is wound tissue of a patient.

12. The method of any of paragraphs 9-11, wherein the tissue is animal tissue.

13. The method of any of paragraphs 9-12, wherein the tissue is experimental tissue.

14. The method of any of paragraphs 9-13, wherein the negative pressure is applied to the

wound for at least 72 hours in the range of -40 mmHg to -200mmHg.

15. A wound contacting member for negative pressure wound therapy (NPWT), comprising

a network of strut elements separated by pores, wherein at least 90% of the pores have a

diameter of between 2.3 and 5.5 mm, and at least 90% of the pores have a diameter of 2.5

mm or greater, and at least 95% of the strut elements have a thickness of between 0.007

and 0.5 mm, and the wound contacting member includes one or more strut element having

a thickness of 0.23 mm or more, as measured by micro-CT.

16. The wound contacting member of paragraph 15, wherein at least 95% of the pores

have a diameter between 2.3 and 5.5 mm.

17. The wound contacting member of paragraph 16, wherein at least 95% of the pores

have a diameter of 2.5 mm or greater.

18. The wound contacting member of paragraphs 15-17, wherein the most frequent pore

size is between 3 and 5 mm.

19. The wound contacting member of paragraph 18, wherein the most frequent pore size is

between 3.3 and 4.7 mm.

20. The wound contacting member of paragraphs 15-19, wherein at least 10 % of the strut

elements have a thickness of 0.23 mm or more.

21. The wound contacting member of paragraphs 15-20, wherein the wound contacting

member has a compressive strain at -120mmHg of between 50 and 90 %.



22. The wound contacting member of paragraph 21, wherein the wound contacting

member has a compressive strain at -120mmHg of between 50 and 80 %.

23. The wound contacting member of paragraph 22, wherein the wound contacting

member has a compressive strain at -120mmHg of between 55 and 75 %.

24. The wound contacting member of paragraphs 15-23, wherein the wound contacting

member has a surface area of between 30 and 150 mm2 in a 126 mm3 volume, as

measured by micro-CT.

25. The wound contacting member of paragraph 24, wherein the wound contacting

member has a surface area of between 45 and 100 mm2 in a 126 mm3 volume, as

measured by micro-CT.

26. The wound contacting member of paragraph 25, wherein the wound contacting

member has a surface area of between 50 and 95 mm2 in a 126 mm3 volume, as

measured by micro-CT.

27. The wound contacting member of paragraphs 15-26, wherein the wound contacting

member promotes granulation tissue growth at a wound bed simultaneously with the

prevention or reduction of tissue in-growth into the wound contacting member.

28. The wound contacting member of paragraphs 15-27, wherein the wound contacting

member is a foam.

29. The wound contacting member of paragraph 28, wherein the wound contacting

member is a reticulated foam.

30. The wound contacting member of paragraph 28 or 29, wherein the foam is

polyurethane.

3 1. The wound contacting member of paragraph 30, wherein the foam is polyether

polyurethane.

32. The wound contacting member of paragraphs 15-32, wherein the density of the wound

contacting member is between 0.03 and 0.04 g .cm-3 .

33. Apparatus for the treatment of wounds in a human or animal subject by negative

pressure wound therapy (NPWT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 90% of the pores have a diameter of between 2.3 and



5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or greater, and at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member includes one or more strut element having a thickness of 0.23 mm or

more, as measured by micro-CT.

34. The apparatus of paragraph 33, further comprising a connection device for placing the

enclosure in fluid communication with a vacuum source.

35. A kit for use in negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 90% of the pores have a diameter of between 2.3 and

5.5 mm, and at least 90% of the pores have a diameter of 2.5 mm or greater, and at least

95% of the strut elements have a thickness of between 0.007 and 0.5 mm, and the wound

contacting member includes one or more strut element having a thickness of 0.23 mm or

more, as measured by micro-CT.

36. A method of treating a wound in a human or animal subject, comprising:

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 90% of the pores have a diameter of between 2.3 and 5.5 mm, and

at least 90% of the pores have a diameter of 2.5 mm or greater, and at least 95% of the

strut elements have a thickness of between 0.007 and 0.5 mm, and the wound contacting

member includes one or more strut element having a thickness of 0.23 mm or more, as

measured by micro-CT.

37. The method of paragraph 36, further comprising the step of applying a cover member

over the wound contacting member to form a sealed enclosure.

38: The method of paragraphs 36 or 37, further comprising the step of applying negative

pressure wound therapy (NPWT) to the wound bed.

39. The method of any of paragraphs 36 to 38, further comprising the step of promoting

granulation tissue growth at the wound bed simultaneously with preventing or reducing

tissue in-growth into the wound contacting member.



40. The wound contacting member for negative pressure wound therapy (NPWT),

comprising a network of strut elements separated by pores, wherein at least 95% of the

strut elements have a thickness of between 0.007 and 0.5 mm, and the wound contacting

member comprises one or more strut element haying a thickness of 0.23 mm or more, as

measured by micro-CT, and the wound contacting member has a compressive strain at -

120 mmHg of between about 50 and about 90 %.

41. The wound contacting member of paragraph 40, wherein the wound contacting

member has a compressive strain at -120mmHg of between 50 and 80 %.

42. The wound contacting member of paragraph 41, wherein the wound contacting

member has a compressive strain at -120mmHg of between 55 and 75 %.

43. The wound contacting member of paragraphs 40-42, wherein at least 90% of the pores

have a diameter between 2.3 and 5.5 mm.

44. The wound contacting member of paragraph 43, wherein at least 90% of the pores

have a diameter of 2.5 mm or greater.

45. The wound contacting member of paragraphs 43-44, wherein at least 95% of the pores

have a diameter between 2.3 and 5.5 mm.

46. The wound contacting member of paragraphs 40-45, wherein the most frequent pore

size is between 3 and 5 mm.

47. The wound contacting member of paragraph 46, wherein the most frequent pore size is

between 3.3 and 4.7 mm.

48. The wound contacting member of paragraphs 40-47, wherein at least 10% of the strut

elements have a thickness of 0.23 mm or more.

49. The wound contacting member of paragraph 40-48, wherein the wound contacting

member has a surface area of between 30 and 150 mm2 in a 126 mm3 volume, as

measured by micro-CT.

50. The wound contacting member of paragraph 49, wherein the wound contacting

member has a surface area of between 45 and 100 mm2 in a 126 mm3 volume, as

measured by micro-CT.

5 1 . The wound contacting member of paragraph 50, wherein the wound contacting

member has a surface area of between 50 and 95 mm2 in a 126 mm3 volume, as

measured by micro-CT.



52. The wound contacting member of paragraphs 40-51, wherein the wound contacting

member promotes granulation tissue growth at a wound bed simultaneously with the

prevention or reduction of tissue in-growth into the wound contacting member.

53. The wound contacting member of paragraphs 40-52, wherein the wound contacting

member is a foam.

54. The wound contacting member of paragraph 53, wherein the wound contacting

member is a reticulated foam.

55. The wound contacting member of paragraphs 53 or 54, wherein the foam is

polyurethane.

56. The wound contacting member of paragraph 55, wherein the foam is polyether

polyurethane.

57. The wound contacting member of paragraph 40-56, wherein the density of the wound

contacting member is between 0.03 and 0.04 g.cm-3.

58. Apparatus for the treatment of wounds in a human or animal subject by negative

pressure wound therapy (NPWT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, as measured by micro-CT, and the

wound contacting member has a compressive strain at -120 mmHg of between about 50

and about 90 % .

59. Apparatus of paragraph 19, further comprising a connection device for placing the

enclosure in fluid communication with a vacuum source.

60. A kit for use in negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,



wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, as measured by micro-CT, and the

wound contacting member has a compressive strain at -120 mmHg of between about 50

and about 90 %.

61. A method of treating a wound in a human or animal subject, comprising:

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 95% of the strut elements have a thickness of between 0.007 and

0.5 mm, and the wound contacting member comprises one or more strut element having a

thickness of 0.23 mm or more, as measured by micro-CT, and the wound contacting

member has a compressive strain at -120 mmHg of between about 50 and about 90 %.

62. The method of paragraph 61, further comprising the step of applying a cover member

over the wound contacting member to form a sealed enclosure.

63. The method of paragraphs 6 1 or 62, further comprising the step of applying negative

pressure wound therapy (NPWT) to the wound bed.

64. The method of any of paragraphs 61-63, further comprising the step of promoting

granulation tissue growth at the wound bed simultaneously with preventing or reducing

tissue in-growth into the wound contacting member.

65. A wound contacting member for negative pressure wound therapy (NPWT), comprising

a network of strut elements separated by pores, wherein at least 95% of the strut elements

have a thickness of between 0.007 and 0.5 mm, and the wound contacting member

comprises one or more strut element having a thickness of 0.23 mm or more, and the strut

elements have a total surface area of between 30 and 150 mm2 in a 126 mm3 volume, as

measured by micro-CT.

66. The wound contacting member of paragraph 65, wherein the wound contacting

member has a surface area of between 45 and 100 mm2 in a 126 mm3 volume.

67. The wound contacting member of paragraph 66, wherein the wound contacting

member has a surface area of between 50 and 95 mm2 in a 126 mm3 volume.



68. The wound contacting member of any of paragraphs 65-67, wherein at least 90% of

the pores have a diameter of between 2.3 and 5.5 mm.

69. The wound contacting member of paragraph 68, wherein at least 90% of the pores

have a diameter of 2.5 mm or greater.

70. The wound contacting member of paragraph 68 or 69, wherein at least 95% of the

pores have a diameter of between 2.3 and 5.5 mm.

7 1 . The wound contacting member of any of paragraphs 65-70, wherein the most frequent

pore size is between 3 and 5 mm.

72. The wound contacting member of paragraph 7 1, wherein the most frequent pore size is

between 3.3 and 4.7 mm.

73. The wound contacting member of any of paragraphs 65-72, wherein at least 10% of

the strut elements have a thickness of 0.23 mm or more.

74. The wound contacting member of any of paragraphs 65-73, wherein the wound

contacting member has a compressive strain at -120mmHg of between 50 and 90 % .

75. The wound contacting member of paragraph 74, wherein the, wound contacting

member has a compressive strain at -120mmHg of between 50 and 80 % .

76. The wound contacting member of paragraph 75, wherein the wound contacting

member has a compressive strain at -120mmHg of between 55 and 75 %.

77. The wound contacting member of any of paragraphs 65-76, wherein the wound

contacting member promotes granulation tissue growth at a wound bed simultaneously

with the prevention or reduction of tissue in-growth into the wound contacting member.

78. The wound contacting member of any of paragraphs 65-77, wherein the wound

contacting member is a foam.

79. The wound contacting member of paragraph 78, wherein the wound contacting

member is a reticulated foam.

80. The wound contacting member of paragraph 78 or 79, wherein the foam is

polyurethane.

81. The wound contacting member of paragraph 80, wherein the foam is polyether

polyurethane.

82. The wound contacting member of any of paragraphs 65-81 , wherein the density of the

wound contacting member is between 0.03 and 0.04 g.cm -3.



83. Apparatus for the treatment of wounds in a human or animal subject by negative

pressure wound therapy (NPWT), comprising:

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, and the strut elements have a total

surface area of between 30 and 150 mm2 in a 1-26 mm3 volume, as measured by micro-

CT.

84. Apparatus of paragraph 83, further comprising a connection device for placing the

enclosure in fluid communication with a vacuum source.

85. A kit for use in negative pressure wound therapy (NPWT), comprising

a wound contacting member for applying to a wound bed;

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound bed,

wherein the wound contacting member comprises a network of strut elements

separated by pores, wherein at least 95% of the strut elements have a thickness of

between 0.007 and 0.5 mm, and the wound contacting member comprises one or more

strut element having a thickness of 0.23 mm or more, and the strut elements have a total

surface area of between 30 and 150 mm2 in a 126 mm3 volume, as measured by micro-

CT.

86. A method of treating a wound in a human or animal subject, comprising:

applying a wound contacting member to a wound bed, wherein

the wound contacting member comprises a network of strut elements separated by

pores, wherein at least 95% of the strut elements have a thickness of between 0.007 and

0.5 mm, and the wound contacting member comprises one or more strut element having a

thickness of 0.23 mm or more, and the strut elements have a total surface area of between

30 and 150 mm2 in a 126 mm3 volume, as measured by micro-CT.



87. The method of paragraph 86, further comprising the step of applying a cover member

over the wound contacting member to form a sealed enclosure.

88. The method of paragraph 86 or 87, further comprising the step of applying negative

pressure wound therapy (NPWT) to the wound bed.

89. The method of any of paragraphs 86 to 88, further comprising the step of promoting

granulation tissue growth at the wound bed simultaneously with preventing or reducing

tissue in-growth into the wound contacting member.

While the above detailed description has shown, described, and pointed,out novel features

as applied to various embodiments, it will be understood that various omissions,

substitutions, and changes in the form and details of the device or process illustrated may

be made without departing from the spirit of the- disclosure. Additionally, the various

features and processes described above may be used independently of one another, or

may be combined in various ways. It will be clear to a person skilled in the art that

features described in relation to any of the embodiments described above can be

applicable interchangeably between the different embodiments. The embodiments

described above are examples to illustrate various features of the invention. All possible

combinations and subcombinations are intended to fall within the scope of this disclosure.

Many of the embodiments described above include similar components, and as such,

these similar components can be interchanged in different embodiments.

Throughout the description and claims of this specification, the words "comprise" and

"contain" and variations of them mean "including but not limited to", and they are not

intended to (and do not) exclude other moieties, additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses the

plural unless the context otherwise requires. In particular, where the indefinite article is

used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described in

conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith. All of the features disclosed in this specification (including

any accompanying claims, abstract and drawings), and/or all of the steps of any method or

process so disclosed, may be combined in any combination, except combinations where at



least some of such features and/or steps are mutually exclusive. The invention is not

restricted to the details of any foregoing embodiments. The invention extends to any novel

one, or any novel combination, of the features disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.

The reader's attention is directed to all papers and documents which are filed concurrently

with or previous to this specification in connection with this application and which are open

to public inspection with this specification, and the contents of all such papers and

documents are incorporated herein by reference.



A wound contacting member for negative pressure wound therapy (NPWT)

selected to reduce pain upon removal from a wound, the wound contacting

member comprising a network of strut elements separated by pores, wherein

the wound contacting member comprises at least one attribute selected from

the group consisting of

at least 95% of the strut elements having a thickness of between 0.007 and

0.5 mm, and

one or more strut element having a thickness of 0.23 mm or more, as

measured by micro-CT.

The wound contacting member of dai m 1, wherein the wound contacting

member comprises:

at least 95% of the strut elements having a thickness of between 0.007 and

0.5 mm, and

one or more strut element having a thickness of 0.23 mm or more, as

measured by micro-CT.

The wound contacting member of claims 1 or 2, wherein at least 90% of the

pores have a diameter of between 2.3 and 5.5 mm.

The wound contacting member of any preceding claim, wherein the wound

contacting member has a pore size of between 5 and 25 ppi

The wound contacting member of any preceding claim, wherein at least 10% of

the strut elements have a thickness of 0.23 mm or more.

The wound contacting member of any preceding claim, wherein the wound

contacting member has a compressive strain at -120 mmHg of between about

50 and about 90 % .

The .wound contacting member of any preceding claim, wherein the strut

elements have a total surface area of between 30 and 150 mm2 in a 126 mm3

volume, as measured by micro-CT.

The wound contacting member of any preceding claim, wherein the wound

contacting member promotes granulation tissue growth at a wound bed

simultaneously with the prevention or reduction of tissue in-growth into the

wound contacting member.



9. The wound contacting member of .any preceding claim, wherein the wound

contacting member is foam.

10. The wound contacting member of any preceding claim, wherein the density of

the wound contacting member is between 0.03 and 0.04 g.cm -3 .

11. Apparatus for the treatment of wounds in a human or animal subject by

negative pressure wound therapy (NPWT), comprising:

a wound contacting member of any preceding claim; and

a cover member configured to form a sealed enclosure around the wound

contacting member when the wound contacting member is applied to the wound

bed.

12. The apparatus of claim 11, further comprising a connection device for placing

the enclosure in fluid communication with a vacuum source.

13. A method for treating a wound, comprising applying a wound contacting

member of any of claims 1-1 0 to a wound bed.

14. The method of claim 13, further comprising the step of applying a cover over

the wound contacting member to form a sealed enclosure.

15. The method of claim 13 or 14, further comprising the step of applying negative

pressure wound therapy (NPWT) to the wound bed.

16. The method of any of claims 13-15, further comprising the step of promoting

granulation tissue growth at the wound bed simultaneously with preventing or

reducing tissue in-growth into the wound contacting member.

17. The method of claim 15, comprising applying negative pressure to the wound

for at least 72 hours in the range of -40 mmHg to -200mmHg, the negative

pressure and the wound contacting member promoting the growth of

granulation tissue at the wound, wherein the negative pressure causes the

wound contacting member to compress to decrease the void volume and

increase the strut volume.

18. The method of any of claims 13-17, further comprising removing the cover and

the wound contacting member from the wound, wherein the force required to

remove the wound contacting member from the wound is less than 5 mN.



The method of any of claims 13-18, wherein the application of negative

pressure to the wound causes the wound contacting member to indent into

tissue of the wound by about 950 to about 1000 µηη .

The method of any of claims 13-19, wherein prior to the step of applying

negative pressure, the wound contacting member has a pore volume of about

90 to about 98% of the total volume, and after the step of applying negative

pressure for at least 72 hours, the wound contacting member has a pore

volume of about 70 to about 90% of the total volume.
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