
TITLE OF THE INVENTION MEMBRANES, SYSTEMS, AND METHODS FOR APPLYING REDUCED
PRESSURE TO A SUBCUTANEOUS TISSUE SITE CROSS-REFERENCE TO RELATED
APPLICATIONS       [0001] This application claims the benefit of U.S. Provisional Application No.
61/140,657, filed December 24, 2008, which is hereby incorporated by reference. BACKGROUND 1.
Field of the Invention       [0002] The present application relates generally to medical treatment
systems, and more particular, to a membrane, system, and method for applying reduced pressure to a
subcutaneous tissue site. 2. Description of Related Art       10003] Clinical studies and practice have
shown that providing a reduced pressure in proximity to a tissue site augments and accelerates the
growth of new tissue at the tissue site. The applications of this phenomenon are numerous, but one
particular application of reduced pressure involves treating wounds. This treatment (frequently referred
to in the medical community as "negative pressure wound therapy," "reduced pressure therapy," or
"vacuum therapy") provides a number of benefits, including migration of epithelial and subcutaneous
tissues, improved blood flow, and micro-deformation of tissue at the wound site. Together these
benefits result in increased development of granulation tissue and faster healing times. Typically,
reduced pressure is applied by a reduced pressure source to tissue through a porous pad or other
manifold device. In many instances, wound exudate and other liquids from the tissue site are collected
within a canister to prevent the liquids from reaching the reduced pressure source. 



SUMMARY       [0004] The problems presented by existing reduced pressure systems are solved by
the systems and methods of the illustrative embodiments described herein. In one embodiment, a
system for applying reduced pressure to a tissue site is provided. The system includes a
reduced-pressure source operable to supply reduced pressure and a membrane having a plurality of
projections on a first, tissue-facing surface and a plurality of substantially matched recesses on a
second surface of the membrane. The plurality of projections at least partially defines at least one
channel operable to transfer the reduced pressure along the tissue-facing surface. The system further
includes a delivery tube coupled to the membrane. The delivery tube is operable to deliver the reduced
pressure to the tissue-facing surface of the membrane.       [0005] In another embodiment, a system
for applying reduced pressure to a tissue site is provided. The system includes a reduced-pressure
source operable to supply reduced pressure and a membrane having a plurality of non-planar,
matched deviations on opposite sides of the membrane. The membrane includes at least one channel
operable to transfer the reduced pressure along a first, tissue-facing side of the membrane. A delivery
tube is coupled to the membrane and is operable to deliver the reduced pressure to the tissue-facing
surface of the membrane.       [0006] In another embodiment, a system for applying reduced pressure
to a subcutaneous tissue site includes a reduced-pressure source operable to supply reduced
pressure and a membrane having a substantially uniform membrane wall thickness. The membrane
includes a first, tissue-facing surface and is shaped to form a plurality of protrusions on the
tissue-facing surface. The plurality of protrusions at least partially defines at least one channel
operable to transfer the reduced pressure along the tissue-facing surface. A delivery tube is coupled to
the membrane and is operable to deliver the reduced pressure to the tissue-facing surface of the
membrane.       [0007] In another embodiment, an apparatus for applying reduced pressure to a
subcutaneous tissue site includes a membrane having a substantially uniform membrane wall
thickness and a first, tissue-facing surface. The membrane is shaped to form a plurality of protrusions
on the tissue-facing surface, and the plurality of protrusions at least partially  defines at least one
channel operable to transfer reduced pressure along the tissue-facing surface.       [0008] In still
another embodiment, a method for applying reduced pressure to a subcutaneous tissue site includes
applying a membrane to the subcutaneous tissue site. The membrane has a substantially uniform
membrane wall thickness and a first, tissue-facing surface. The membrane is shaped to form a
plurality of protrusions on the tissue-facing surface, the plurality of protrusions at least partially defining
at least one channel operable to transfer reduced pressure along the tissue-facing surface. The
method further includes supplying the reduced pressure to the tissue-facing surface of the membrane
via a delivery tube that is coupled to the membrane.       [0009] In still another embodiment, a method
of manufacturing an apparatus for applying reduced pressure to a subcutaneous tissue site includes
forming a membrane having a substantially uniform membrane wall thickness and a first, tissue-facing
surface. The membrane is shaped to form a plurality of protrusions on the tissue-facing surface. The
plurality of protrusions at least partially define at least one channel operable to transfer the reduced
pressure along the tissue-facing surface.       [00101 Other objects, features, and advantages of the
illustrative embodiments will become apparent with reference to the drawings and detailed description
that follow. 



BRIEF DESCRIPTION OF THE DRAWINGS       [0011] Figure lA illustrates a schematic of a
reduced-pressure treatment system for applying reduced pressure to a tissue site according to an
illustrative embodiment;       [0012] Figure 1B illustrates a cross-sectional view of a portion of the
reduced-pressure treatment system of Figure lA taken along line 1B-1B;       [0013] Figure 2 illustrates
a top view of a membrane or manifold for applying reduced pressure to a tissue site according to an
illustrative embodiment; [0014] Figure 3 illustrates a perspective view of the membrane of Figure 2;
[0015] Figure 4 illustrates a cross-sectional side view of the membrane of Figure 2 taken along line
4-4;       [0016] Figure 5 illustrates a top view of a membrane or manifold for applying reduced pressure
to a tissue site according to an illustrative embodiment;       [0017] Figure 6 illustrates a cross-sectional
side view of the membrane of Figure 5 taken along line 6-6;       [0018] Figure 7 illustrates a top view of
a membrane or manifold for applying reduced pressure to a tissue site according to an illustrative
embodiment; and       [0019] Figure 8 illustrates a top view of a membrane or manifold for applying
reduced pressure to a tissue site according to an illustrative embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS       [0020] In the following
detailed description of several illustrative embodiments, reference is made to the accompanying
drawings that form a part hereof, and in which is shown by way of illustration specific preferred
embodiments in which the invention may be practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention, and it is understood that other
embodiments may be utilized and that logical structural, mechanical, electrical, and chemical changes
may be made without departing from the spirit or scope of the invention. To avoid detail not necessary
to enable those skilled in the art to practice the embodiments described herein, the description may
omit certain information known to those skilled in the art. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the illustrative embodiments are defined
only by the appended claims.       [0021] The term "reduced pressure" as used herein generally refers
to a pressure less than the ambient pressure at a tissue site that is being subjected to treatment. In
most cases, this reduced pressure will be less than the atmospheric pressure at which the patient is
located. Alternatively, the reduced pressure may be less than a hydrostatic pressure associated with
tissue at the tissue site. Although the terms "vacuum" and "negative pressure" may be used to
describe the pressure applied to the tissue site, the actual pressure reduction applied to the tissue site
may be significantly less than the pressure reduction normally associated with a complete vacuum.
Reduced pressure may initially generate fluid flow in the area of the tissue site. As the hydrostatic
pressure around the tissue site approaches the desired reduced pressure, the flow may subside, and
the reduced pressure is then maintained. Unless otherwise indicated, values of pressure stated herein
are gauge pressures. Similarly, references to increases in reduced pressure typically refer to a
decrease in absolute pressure, while decreases in reduced pressure typically refer to an increase in
absolute pressure.       [0022] Referring to Figures lA and 1B, a reduced-pressure treatment system
100, which applies reduced pressure to a tissue site 105, is shown according to an illustrative
embodiment. In the embodiment illustrated in Figure I A, the tissue site 105 is a bone tissue site; in
particular, the tissue site 105 is a fracture on bone 112, which, for example, is shown as a femur.
When used to promote bone tissue growth, reduced-pressure treatment can increase 5  the rate of
healing associated with a fracture, a non-union, a void, or other bone defects. Reduced-pressure
treatment may also be used to improve recovery from osteomyelitis. The treatment may further be
used to increase localized bone densities in patients suffering from osteoporosis. Finally,
reduced-pressure treatment may be used to speed and improve osseointegration of orthopedic
implants, such as hip implants, knee implants, and fixation devices.       [0023] While tissue site 105 is
bone tissue, the term "tissue site" as used herein may refer to a wound or defect located on or within
any tissue, including but not limited to, bone tissue, adipose tissue, muscle tissue, neural tissue,
dermal tissue, vascular tissue, connective tissue, cartilage, tendons, or ligaments. The term "tissue
site" may further refer to areas of any tissue that are not necessarily wounded or defective, but are
instead areas in which it is desired to add or promote the growth of additional tissue. For example,
reduced pressure tissue treatment may be used in certain tissue areas to grow additional tissue that
may be harvested and transplanted to another tissue location.       [0024] Referring to Figure 1, a
reduced pressure treatment system 100 includes a reduced pressure source 110 and a reduced
pressure dressing 115 that is positioned at the tissue site 105. In one embodiment, the reduced
pressure dressing 115 may include a membrane or manifold 170 positioned at a subcutaneous tissue
site, such as tissue site 105. In another embodiment in which reduced pressure may be applied to a
surface wound or a wound accessed through surgical or direct visualization techniques, the reduced
pressure dressing 115 may also include a cover that may be positioned over the membrane 170. The
cover, which is described in more detail below, may be used to seal the membrane 170 at the tissue
site and maintain reduced pressure at the tissue site 105. The reduced pressure dressing 115 is fluidly
connected to the reduced pressure source 110 by a conduit 118, and a canister 140 may be fluidly
connected to the conduit 118 to receive wound exudate or other fluids drawn from the tissue site 105
by the reduced pressure source 110. The conduit 118 may be any tube through which a gas, liquid,
gel, or other fluid may flow as is described in more detail below.       [0025] The membrane 170 is
adapted to contact or cover the tissue site 105. As used herein, the term "cover" includes partially or
fully covering. Also, a first object that covers a second object may directly or indirectly touch the
second object, or may not touch the second object at all. 



[0026] In one embodiment, the membrane 170 may be made from a flexible material such that the
membrane 170 may be bent to fit against the tissue site 105. In the example of Figures lA and 1B, the
membrane 170 is curved against the contour of the tissue site 105 so that a tissue-facing surface 172
of the membrane 170 is in contact with the tissue site 105. In another embodiment, the membrane 170
may be made from a rigid material that is resistant to bending. In the case of a flexible membrane, the
membrane 170 may have sufficient rigidity to resist collapse when exposed to reduced pressure, yet
still maintain relative flexibility for certain applications, such as for percutaneous insertion and
placement at the subcutaneous tissue site 105. Additional embodiments described below show that
the membrane 170 may include protrusions and channels on the tissue-facing surface 172 of the
membrane 170.       [0027] As previously mentioned, the reduced pressure generated by the
reduced-pressure source 110 may be provided to the membrane 170 by conduit 118. In particular,
conduit 118 may deliver reduced pressure from the reduced-pressure source 110 to the tissue-facing
surface 172 of the membrane 170 during treatment. Conduit 118 may be coupled to the membrane
170. As used throughout, the term "coupled" includes coupling via a separate object. For example,
conduit 118 is coupled to the membrane 170 if both conduit 118 and the membrane 170 are coupled to
one or more third objects. The term "coupled" also includes "directly coupled," in which case the two
objects touch each other in some way. The term "coupled" also encompasses two or more
components that are continuous with one another by virtue of each of the components being formed
from the same piece of material. The term "coupled" includes chemical coupling, such as via a
chemical bond. The term "coupled" also includes fluidly coupled, in which case a first object that is
coupled to a second object is in fluid communication with that second object. The term "coupled" may
also include mechanical, thermal, or electrical coupling. Objects that are "coupled" may also be fixedly
or removably coupled.       [0028] The conduit 118 may be made from any material, and may be either
flexible or inflexible. The conduit 118 may include one or more paths or lumens through which fluid
may flow. For example, the conduit 118 may include two or more lumens, one of which may be used to
deliver reduced pressure to the tissue site and one of which may be used to determine the level of
reduced pressure at the tissue site 105. Alternatively, one of the lumens  may be used to deliver fluids,
such as air, antibacterial agents, antiviral agents, cell-growth promotion agents, irrigation fluids, or
other chemically active agents, to the tissue site 105.       [0029] In the embodiment illustrated in Figure
1A, the reduced pressure source 110 is an electrically-driven vacuum pump. In another
implementation, the reduced pressure source 110 may instead be a manually-actuated or
manually-charged pump that does not require electrical power. The reduced pressure source 110
instead may be any other type of reduced pressure pump, or alternatively a wall suction port such as
those available in hospitals and other medical facilities. The reduced pressure source 110 may be
housed within or used in conjunction with a reduced pressure treatment unit 119, which may also
contain sensors, processing units, alarm indicators, memory, databases, soft ware, display units, and
user interfaces 121 that further facilitate the application of reduced pressure treatment to the tissue
site 105. In one example, a sensor or switch (not shown) may be disposed at or near the reduced
pressure source 110 to determine a source pressure generated by the reduced pressure source 110.
The sensor may communicate with a processing unit that monitors and controls the reduced pressure
that is delivered by the reduced pressure source 110.       [0030] The reduced-pressure treatment
system 100 may include a reduced pressure feedback system 155 operably associated with the other
components of the reduced-pressure treatment system 100 to provide information to a user of the
reduced-pressure treatment system 100 indicating a relative or absolute amount of pressure that is
being delivered to the tissue site 105 or that is being generated by the reduced-pressure source 110.
Examples of feedback systems include, without limitation, pop valves that activate when the reduced
pressure rises above a selected value and deflection pop valves.       [0031] The reduced-pressure
treatment system 100 may include a volume detection system 157 to detect the amount of fluid
present in the canister 140, a blood detection system 159 to detect the presence of blood in exudate
drawn from the tissue site 105 (including the exudate that is present in the canister 140), a
temperature monitoring system 162 to monitor the temperature of the tissue site 105, an infection
detection system 165 to detect the presence of infection at the tissue site 105, and/or a flow rate
monitoring system 167 to monitor the flow rate of fluids drawn from tissue site 105. The infection
detection system 165 may include a foam or other substance that changes color in the presence of
bacteria. The foam or other substance may be operably associated with the dressing 115 or the
conduit 118 such that the 



8  color changing material is exposed to exudate from the tissue site 105. In addition to the
above-mentioned components and systems, the reduced-pressure treatment system 100 may include
valves, regulators, switches, and other electrical, mechanical, and fluid components to facilitate
administration of reduced-pressure treatment to the tissue site 105.       [0032] Referring to Figures
2-4, a membrane 270 according to an illustrative embodiment includes a first, tissue-facing side or
surface 272 having a plurality of protrusions 275 on the first, tissue-facing surface 272. The protrusions
275 have a substantially triangular shape as viewed in Figure 2; however, in other embodiments, the
protrusions 275 may have any shape. The protrusions 275 are operable to contact a subcutaneous
tissue site, such as tissue site 105 in Figure 1A.       [0033] The membrane 270 also includes a second
side or surface 273 opposite the first, tissue-facing surface 272. In one embodiment, each of the
protrusions 275 forms a respective recess 276 on the second surface 273.       [0034] The protrusions
275 at least partially define at least one channel. In the illustrative embodiment of Figures 2-4, the
protrusions 275 define channels 280. The channels 280 are interconnected, and are formed between
the protrusions 275. The channels 280 include slanted channels 280a and 280b, which have an
angled or diagonal orientation, as well as lateral channels 280c, which, in the illustrated embodiment,
are substantially perpendicular to at least one edge of the membrane 270. The channels 280 intersect
at intersection portions 282. The protrusions 275 may form discontinuous wall members that define
channels according to various patterns. In the embodiment of Figures 2-4, channels radially emanate
from the intersection portions 282 in six directions. However, channels may emanate, radially or
otherwise, from intersection portions 282 in any number of directions.       [0035] The channels 280 are
operable to transfer reduced pressure, and the flow of any fluids due to the application of reduced
pressure, along the first, tissue-facing surface 272. The reduced pressure may be provided by a
reduced-pressure source, such as reduced-pressure source 110 in Figure 1A. The reduced pressure
may be delivered to the membrane 270 via a delivery tube, such as conduit 118 in Figure 1A. The
channels 280 may also transfer liquid, such as exudate, along the first, tissue-facing surface 272 of the
membrane 270. The liquid may be drawn into the delivery tube using the reduced pressure, and may
be stored in a fluid collection apparatus, such as canister 140 in Figure 1A.       [0036] The delivery
tube or conduit may be at least partially disposed in a groove 284 disposed on the tissue-facing side
272 of the membrane 270. For example, the groove 284 may be a curved groove having a partially
circular cross section such that a cylindrical delivery tube may fit into the groove 284. The groove 284
and cylindrical delivery tube, e.g., conduit 118, may cooperate to form an interference fit to hold the
delivery tube in the groove 284. Alternatively, the conduit may be adhesively or otherwise secured to
the membrane 270. The groove 284 may alternatively have a partially polygonal or partially elliptical
cross section such that a delivery tube having a polygonal or elliptical cross section, respectively, may
be disposed in the groove 284. The presence of the groove 284 may facilitate the placement of the
membrane 270 over a tissue site by allowing a greater proportion of the first, tissue-facing surface 272
to make contact with the tissue site, including those portions of the tissue-facing surface abutting or
adjacent groove 284. In one illustrative embodiment, the delivery tube may be coupled to the
membrane 270 via the groove 284. The groove 284 may be shaped to receive at least a portion of a
delivery tube. The groove 284 may be an open or closed passageway.      [0037] In one embodiment,
the delivery tube, when disposed within the groove 284, may extend to or near a first end 277 of the
groove 284. In another embodiment, the end of the delivery tube may be located anywhere between
the first end 277 and a second end 279 of the groove 284. 



[0038] Although the groove 284 is shown to be perpendicular to an edge 286 of the membrane 270,
the groove 284 may have any orientation, such as an angled orientation, relative to the edge 286.
Also, although the groove 284 is shown to be substantially centered along edge 286, the groove 284
may be located anywhere along the edge 286. The groove 284 may also be located along any of the
other edges of the membrane 270. In another embodiment, the membrane 270 may have more than
one groove 284. Also, the groove 284 may have any length, including a length that equals the length
288 of the membrane 270.      [0039] The membrane 270 may be made from any material, including
any polymer. The membrane 270 is preferably biocompatible and may be either non-biodegradable or
biodegradable (or bio-absorbable), or a combination thereof Non-limiting examples of
non-biodegradable materials from which the membrane 270 may be made include a Teflon(r) material
and other fluoro polymers (which can be thermoplastic or thermoset), polyethylene 10  terepthalate
glycol (PETG), acrylic, polyethylene (PE), polyurethane (PU), polypropylene (PP), a thermoplastic
(including all of the forgoing), silicone, a thermoset, latex , a dipped or cast material (as is latex and as
PU can be) or any combination thereof Non-limiting examples of bioabsorbable materials from which
the membrane 270 may be made include PGA-polyglycolide, PLA-polyactide, PLA-PGA copolymers,
including PLG-poly(lactide-coglycolide) or DLPLG, PDS-poly(dioxanone), or any other bioabsorbable
polymer, or any combination thereof       [0040] Membrane 270 may be porous or non-porous.
Non-limiting examples of porous membranes include foams and woven or non-woven fabrics
(including mats and felts). Fabrics may use a variety of filaments including, for example, braided and
extruded. Nonporous membranes, for example, may be cast, blown, molded, vacuum formed, dipped,
or extruded.       [0041] The membrane 270 may further serve as a scaffold for new cell-growth, or a
scaffold material may be used in conjunction with the membrane 270 to promote cell-growth. A
scaffold is a substance or structure used to enhance or promote the growth of cells or formation of
tissue, such as a three-dimensional porous structure that provides a template for cell growth.
Illustrative examples of scaffold materials include calcium phosphate, collagen, PLA/PGA, coral
hydroxy apatites, carbonates, or processed allograft materials.       [0042] In the embodiment in which
the membrane 270 is composed of a bioabsorbable polymer, the membrane 270 may be applied to a
subcutaneous tissue site, where the membrane 270 may remain and eventually degrade. In one
embodiment, the membrane 270 may be configured for in-vivo detachability from a delivery tube, such
as conduit 118 in Figure 1A. For example, the groove 284 may be coated with a rapid-release
adhesive that adheres the delivery tube to the groove 284 during application of the membrane 270 to a
tissue site. The rapid-release adhesive may also adhere the delivery tube to the groove 284 during
reduced pressure treatment. After a period of time, the rapid-release adhesive may release the
delivery tube such that the delivery tube may be removed from the tissue site area while allowing the
membrane 270 to remain and degrade at the tissue site.       [0043] When a bioabsorbable material is
used to form membrane 270, it may be desirable to minimize the mass of the membrane, or at least
control the distribution of mass throughout the membrane, to ensure that controlled bioabsorption
takes place. In the 11  



embodiment shown in Figures 3 and 4, the membrane 270 may have a membrane wall 289 with a
substantially uniform membrane wall thickness 290. The membrane wall thickness 290 may be
contrasted to the membrane thickness 291. Providing a substantially uniform membrane wall thickness
290 is one way to help ensure that each portion of the membrane 270 degrades in approximately the
same amount of time (assuming a constant bioabsorption rate).       [0044] The membrane wall
thickness of a particular membrane will not always be substantially uniform. One particular method of
manufacturing the membranes described herein involves vacuum forming. While vacuum forming may
be particularly cost effective, the manufacturing technique will sometimes result in "low points"
between protrusions being thicker than the "high points" associated with the protrusions. A similar
circumstance may occur if the membrane is formed by a dipping process. Although in these
circumstances the membrane wall thickness may not be substantially uniform, the benefit of having the
membrane material mass well-distributed can still be obtained. As mentioned previously, and as
illustrated in Figure 4, for each protrusion 275 formed on one side of the membrane 270, a
corresponding recess 276 exists on the opposite side of the membrane 270.       [0045] Stated another
way, the membrane 270 may be associated with a medial plane 295 (illustrated as a line in Figure 4)
that substantially bisects the membrane thickness 291. In one embodiment, deviations from the plane
295 on one side of the membrane are substantially matched by similar deviations on another side of
the membrane as illustrated in Figure 4 to improve the distribution of mass throughout the membrane.
In another embodiment, the membrane may not be associated with a medial plane, but still may
include non-planar, matched deviations on opposite sides of the membrane. Matched deviations will
typically be similar (but not necessarily exact) in shape and size and will be located relative to one
another such that a positively extending structure on one side will correspond with a negatively
extending structure on the opposite side (e.g. a projection and a recess).       [0046] The presence of
matched or similar deviations on opposite sides of the membrane is different than membranes that
include a substantially planar sheet from which projections extend on one side of the planar sheet.
Substantially matched deviations or substantially matched projections and recesses allow
customization of the force pattern applied to tissues on each side of the membrane. Reduced pressure
may be communicated to both 12  sides of the membrane 270 by either using a porous membrane
material, by providing apertures in the membrane, or by providing a delivery tube or conduit on each
side of the membrane.       [0047] In one embodiment, it may be desired to expose tissues on one side
of the membrane to a different force pattern than tissues on the other side of the membrane. Typically,
the exposure of a tissue to reduced pressure in the presence of a projection subjects the tissue to
compressive forces as the tissue is pulled against the projection. Tissues exposed to reduced
pressure near a recesses will typically experience tensile forces as the tissue is stretched and pulled
into the recesses. It should be noted, however, that certain areas of tissue on a "projection" side of the
membrane may also be subjected to tensile forces if these areas of tissue are pulled into the channels
or depressions between projections. Similarly, the channels or depressions may act similar to
projections on the "recess" side of the membrane, thereby subjecting tissues adjacent the areas
between recesses to compressive forces.       [0048] Projection and recess geometry may be selected
for increased or reduced tissue compression or increased or reduced tissue tension. Sharper
projections can increase compression over a small area while broader projections can distribute the
compression over a larger area. Similarly, larger recesses can increase the tension seen be tissues.
These effects will be dependent on tissue mechanical properties as well as geometry. It should be
noted that the projections on one side of the membrane may be shaped to be more sharply defined or
pointed, and the recesses corresponding with each of these projections could be shaped to be more
rounded or dull. Similarly, the projections could be shaped more broadly or rounded, and the recesses
shaped more sharply to further customize the force profile applied to tissue on each side of the
membrane.       [0049] While embodiments have been described in which different force patterns may
be applied on each side of the membrane, it should also be noted that the membrane may be
designed to ensure a substantially symmetric force distribution on each side of the membrane. For
example, offset projections may be provided on each side of the membrane that are similar in shape
and size and that include recesses between the projections (on each side of the membrane) that are
similar in shape and size. As one example of this configuration, a membrane may be provided in which
the projections and recesses are defined on each side by  



a substantially sinusoidal cross-sectional profile. Other examples of providing a symmetric force
distribution are also possible.      [0050] It should be appreciated that matching deviations on one side
of the membrane with deviations on another side of the membrane (e.g. a recess associated with each
projection) does not necessarily require a substantially uniform membrane wall thickness. Rather,
variations in membrane wall thickness may occur. In either situation, the matched or similar deviations
still assist in more evenly distributing the mass of the membrane material. This more even distribution
of mass may assist in controlling the absorption of the membrane if bioabsorbable material is used.
[0051] The bioabsorbable material from which the membrane 270 may be made may also include
antibiotics or growth factors. The antibiotics or growth factors may be released at the tissue site as the
membrane 270 degrades. In one embodiment, the bioabsorbable material in which the antibiotics or
growth factors are embedded is selected such that the antibiotics or growth factors are released at a
predetermined rate. For example, a bioabsorbable material having a relatively slower rate of
degradation may be selected such that the embedded antibiotics or growth factors are released at the
tissue site at a relatively slower rate.      [0052] In another embodiment, the membrane 270 may
include radio opaque markers 299 made from a radio opaque material, such a gold, platinum, or an
alloy such as Pt/Ir. In one example, the radio opaque markers 299 may be discrete metal radio opaque
markers. The radio opaque markers 299 may be applied to the membrane 270 in any manner For
example, the radio opaque markers 299 may be bonded, printed or painted on the membrane 270.
The radio opaque markers 299 may also be located anywhere on or in the membrane 270. The radio
opaque markers 299 facilitate the detection of the membrane 270 using x-rays. In one example, the
radio opaque markers 299 may help to determine whether a membrane made from a biodegradable
material has degraded. The membrane 270 may be transparent, opaque, or have both transparent and
opaque characteristics.      [0053] In another example, the membrane 270 may include a radio opaque
compound, such as barium sulfate or bismuth carbonate, in the resin or material used to form the
membrane. Such a radio opaque compound may also be used to form the radio opaque markers 299.
The radio opaque material from which the membrane 270 or the radio opaque markers 299 may be
made may optionally include compounds that the body can readily 14  absorb, degrade, or excrete
(e.g., iodine or iodine compounds). The radio opaque material may also include compounds that are
visible by magnetic resonance imagining (MRI), such as chelated gadolinium.       [0054] The
membrane 270 may have any membrane wall thickness 290, and the thickness 290 may be chosen to
achieve a desired effect. For example, if a particular duration (Ti) is desired for membrane 270 before
the membrane 270 is absorbed and if the bioabsorption rate of the material is high, the membrane wall
thickness 290 may be increased to achieve the desired duration (Ti) or if the bio-absorption rate of the
material is relatively low, a small membrane wall thickness 290 might be used to achieve the desired
duration (Ti). As another example, if a certain desired flexibility is desired for the membrane 270 and if
the material from which the membrane wall thickness 290 is formed is relatively stiff, a relatively thin
wall thickness 290 might be used to achieve the desired flexibility or if the material from which the
membrane wall thickness 290 is made is relatively flexible, a thicker member wall thickness 290 might
be used to achieve the desired flexibility. Controlling the material variables and properties, e.g.,
absorption rate, thickness, and stiffness, may be particularly applicable to clinical situations in which
the resistance to collapse when exposed to a therapeutic level of reduced pressure is required and a
particular duration may be desired.       [0055] In the embodiment in which the membrane 270 is made
from a bioabsorbable material, the membrane wall thickness 290 of the membrane 270 may be
chosen to adjust the length of time needed for the membrane 270 to absorb. In another embodiment,
the membrane wall thickness 290 of the membrane 270 may also be chosen to adjust the amount of
antibiotics or growth factors that may be contained by the membrane 270. In another embodiment, the
membrane wall thickness 290 of the membrane 270 may be chosen to adjust the surface area to
volume ratio of the membrane 270, thereby changing the rate at which the membrane 270 absorbs. As
mentioned previously, the membrane wall thickness may or may not be substantially uniform (i.e.
substantially the same thickness) throughout the membrane. In one illustrative embodiment, the
membrane 270 was formed from polypropylene and had a membrane wall thickness 290 in the range
of 0.005" to 0.050" and more particularly in the range of .010" to 0.040, and even more particularly in
the range of 0.015 to 0.025, and in particular a membrane wall thickness 290 of 0.020". In another
embodiment, the membrane  



wall thickness 290 may vary throughout the membrane such that wall thickness 290 may be, for
example, thicker along channels 280a, 280b and 280c and thinner at protrusions 275.       [0056] In
one embodiment, a method for applying reduced pressure to a subcutaneous tissue site may include
applying a membrane as described in any of the illustrative embodiments, such as membrane 270, to
the subcutaneous tissue site. The membrane 270 is applied to the subcutaneous tissue site such that
the first, tissue-facing surface 272 of the membrane 270 faces the subcutaneous tissue site. The first,
tissue-facing surface 272 may be in direct or indirect contact with the subcutaneous tissue site. In one
embodiment, applying the membrane 270 to the subcutaneous tissue site includes bending, rolling,
unrolling, or otherwise changing the shape of the membrane 270 to facilitate percutaneous insertion or
subcutaneous placement of the membrane 270.       [0057] The method may also include supplying
reduced pressure to the first, tissue-facing surface 272 of the membrane 270 via a delivery tube, such
as conduit 118 in Figure 1A, which is coupled to the membrane 270. The reduced pressure is from a
reduced-pressure source, such as reduced-pressure source 110 in Figure 1A. In one embodiment, the
method may also include transferring the reduced pressure along the first, tissue-facing surface 272 of
the membrane 270 during treatment. For example, the reduced pressure may be at least partially
transferred via the channels 280; in this example, the space that is formed by the channels 280 and
the tissue site may form a passage through which reduced pressure may be transferred. In
embodiments where a porous material is used to form the membrane 270, reduced pressure may also
be partially transferred through membrane 270 itself       [0058] In one embodiment, a method of
manufacturing an apparatus for applying reduced pressure to a subcutaneous tissue site includes
forming a membrane as in any of the illustrative embodiments disclosed herein, including the
membrane 270. In one embodiment, forming the membrane includes vacuum molding the membrane
270. The membrane 270 may also be formed using injection molding, compression molding, or
casting. Any of these methods of forming the membrane 270 may be used to create channels, such as
channels 280, in a planar membrane. Any of these methods may also facilitate the economical
manufacturing of the membrane 270.       [0059] The method of manufacturing the apparatus may also
include providing a delivery tube, such as conduit 118 in Figure 1A, for delivering the reduced pressure
to the 16  fast, tissue-facing surface 272 of the membrane 270. The method of manufacturing may also
include coupling the delivery tube to the membrane 270 such that the delivery tube is in fluid
communication with the first, tissue-facing surface 272 of the membrane 270.      [0060] Referring to
Figures 5 and 6, a membrane 570 according to an illustrative embodiment includes a tissue-facing
surface 572 having protrusions 575 that have a dome shape. Viewed from the perspective of Figure 5,
the protrusions 575 have a circular shape. In other embodiments, the protrusions 575 may have any
shape as viewed in Figure 5, including an elliptical, diamond, polygonal, or elongated shape. In the
example in which the protrusions 575 have an elliptical shape as viewed in Figure 5, the protrusions
575 may have a semi-ellipsoidal shape. In other embodiments, one or more of the protrusions 575
may have a shape that is different from the remainder of the protrusions 575.      [0061] The
membrane 570 also includes channels 580, which are at least partially defined by the protrusions 575,
and are analogous to channels 280 in Figures 2-4. The channels 580 facilitate the transfer of reduced
pressure or fluids along the tissue-facing surface 572 of the membrane 570.      [0062] In one
embodiment, the membrane 570, or any of the other membranes described herein, may include a
backing sheet 592, which is coupled to a surface 573 of the membrane 570. The flexible backing sheet
592 may be composed of a biodegradable or non-biodegradable material, and may add strength and
durability to the membrane 570. The membrane 570 may be coupled to the backing sheet 592 in any
manner, such as by using welding (e.g., ultrasonic or RF), bonding, adhesives (e.g., silicone
adhesive), cements, etc. 



[0063] In another embodiment, the membrane 570, or any of the illustrative embodiments described
herein, may include a coating 594 that at least partially covers the membrane 570. Although the
coating 594 is shown in Figure 6 to cover the tissue-facing surface 572 of the membrane 570, the
coating 594 may cover any surface of the membrane 570, including the surface 573. The coating 594
may also cover any surface of the backing sheet 592, including the surface 596 of the backing sheet
592. In one embodiment, the coating 594 may be at least partially composed of a hydrogel. In this
embodiment, the coating 594 of hydrogel may reduce friction at the surface of the membrane 570 that
is covered by the coating 594. Thus, the coating 594 of hydrogel may facilitate the percutaneous
insertion of the  membrane 570 and subcutaneous application and placement of the membrane 570 at
the tissue site.       [0064] In another embodiment, the coating 594 may be at least partially composed
of heparin. In this embodiment, the coating 594 may reduce or prevent the formation of clots at the
tissue site or elsewhere. In still another embodiment, the coating 594 may also include antibiotics or
growth factors. In another embodiment, the coating 594 may also be at least partially composed of
poly(ethylene glycol) (PEG).       [0065] Each of the protrusions 575 of membrane 570 form a
respective hollow recess 576 along the surface 573 of the membrane 570. Each recess 576 may be
filled with a material, such as the material from which the membrane 570 is made; in this example,
each recess 576 is not hollow and the membrane 570 does not have a substantially uniform wall
thickness. In one embodiment in which each recess 576 is filled with a material, the membrane 570
may absorb to result in a distributed array of degradable protrusions 575 (e.g., 0.60" x 0.060") after the
degradation of the thinner (e.g. 0.020") portions of the membrane 570. In another embodiment, each
recess 576 may include a drug, a growth factor, or an antibiotic; in this embodiment, the drug in each
recess 576 may be delivered to a tissue site as the protrusions 575 of the membrane 570 absorb. In
still other embodiments, the membrane 570 may have a substantially uniform membrane wall
thickness or may have matched or similar deviations on opposite sides of the membrane 570 as
described previously with reference to membrane 270.       100661 Referring now to Figure 7, a
membrane 770 according to an illustrative embodiment includes a tissue-facing surface 772 showing
protrusions 775a and 775b that are elongated. Each of the protrusions 775a has an end 710 and an
end 712. The end 710 of each of the protrusions 775a is adjacent a groove 784. The end 712 of each
of the protrusions 775a is adjacent at least one of the edges, e.g., edge 785, of the membrane 770.
The protrusions 775a extend radially from near or at an end 777 of the groove 784. Any number of
protrusions may extend radially from the groove 784. Also, the protrusions 775a may extend radially
from portions of the groove 784 other than the end 777.       [0067] The protrusions 775a at least
partially form elongated channels 780a, which may be similar to the channels 280 in Figures 2-4. Each
of the channels 780a has a channel end 720 and a channel end 722. The channel end 720 of each of
the channels 780a is adjacent 18  the groove 784. The channel end 722 of each of the channels 780a
is adjacent at least one edge of the membrane 770. The channels 780a are also tapered such that the
channel end 722 is wider than the channel end 720.       [0068] The membrane 770 also includes
elongated protrusions 775b, which are substantially perpendicular to the groove 784. Each of the
protrusions 775b is also substantially parallel to one another. Each of the protrusions 775b has an end
716 and an end 718. The end 716 of each of the protrusions 775b is adjacent the groove 784. The end
718 of each of the protrusions 775b is adjacent at least one edge of the membrane 770. 



[0069] The protrusions 775b at least partially form elongated channels 780b, which are similar to the
channels 280 in Figures 2-4. The channels 780b are substantially perpendicular to the groove 784.
Each of the channels 780b has an end 724 and an end 726. The end 724 of each of the channels
780b is adjacent the groove 784. The end 726 of each of the channels 780b is adjacent at least one
edge of the membrane 770.       [0070] Each of the protrusions 775a and 775b may have any width
714. In addition, the width 714 of each of the protrusions 775a and 775b may be uniform or
non-uniform. In another embodiment, at least a portion of the protrusions 775a and 775b may be
tapered such that one end of the protrusions 775a and 775b, such as ends 710 and 716, respectively,
may have a smaller width than the other end of the protrusions 775a and 775b, such as ends 712 and
718, respectively.       [0071] In another embodiment, all of the protrusions 775a and 775b may extend
radially from a portion of the groove 784, such as the end 777 of the groove 784. In still another
embodiment, the channels 780a and 780b may instead form protrusions that form channels; in this
embodiment, the protrusions 775a and 775b are channels instead of protrusions.        [0072] In still
other embodiments, the membrane 770 may have a substantially uniform membrane wall thickness or
may have matched or similar deviations on opposite sides of the membrane 770 as described
previously with reference to membrane 270.        [0073] Referring to Figure 8, a membrane 870
according to an illustrative embodiment includes a tissue-facing surface 872 having protrusions 875,
which are similar to the protrusions 275 in Figures 2-4. Each of the protrusions 875 is substantially
perpendicular to a groove 884. Each of the protrusions 875 is also substantially parallel to one
another. Each of 19  the protrusions 875 has an end 816 and an end 818. The end 816 of each of the
protrusions 875 is adjacent the groove 884. The end 818 of each of the protrusions 875 is adjacent at
least one edge of the membrane 870.       [0074] The protrusions 875 at least partially form elongated
channels 880, which are similar to the channels 280 in Figures 2-4. The channels 880 are substantially
perpendicular to the groove 884. Each of the channels 880 is also substantially parallel to one another.
Each of the channels 880 has an end 824 and an end 826. The end 824 of each of the channels 880
is adjacent the groove 884. The end 826 of each of the channels 880 is adjacent at least one edge of
the membrane 870.       [0075] In one embodiment, the membrane 870 also includes gap 825 between
the end 816 of each of the protrusions 875 and the groove 884. The gap 825 may be any distance, or
may be omitted altogether.       [0076] In still other embodiments, the membrane 870 may have a
substantially uniform membrane wall thickness or may have matched or similar deviations on opposite
sides of the membrane 870 as described previously with reference to membrane 270. 



[0077] It should be apparent from the foregoing that an invention having significant advantages has
been provided. While the invention is shown in only a few of its forms, it is not just limited but is
susceptible to various changes and modifications without departing from the spirit thereof  CLAIMS We
claim: Claim 1.A system for applying reduced pressure to a tissue site, the system comprising: a
reduced-pressure source operable to supply reduced pressure; a membrane having a plurality of
projections on a first, tissue-facing surface and a plurality of substantially matched recesses on a
second surface of the membrane, the plurality of projections at least partially defining at least one
channel operable to transfer the reduced pressure along the tissue-facing surface; and a delivery tube
coupled to the membrane, the delivery tube operable to deliver the reduced pressure to the
tissue-facing surface of the membrane. Wherein a membrane wall thickness associated with the
membrane is substantially uniform throughout the membrane. Claim 2.The system of claim 1, wherein
the membrane is bioabsorbable. Claim 3.The system of claim 1, wherein the membrane comprises a
porous material. 



Claim 4.The system of claim 1, wherein the plurality of projections and the plurality of substantially
matched recesses allow variation of the type of force applied to tissue on opposite sides of the
membrane. Claim 5.The system of claim 4, wherein tissue adjacent the plurality of projections is
subjected to compressive forces in the presence of reduced pressure. Claim 6.The system of claim 4,
wherein tissue adjacent the plurality of substantially matched recesses is subjected to tensile forces in
the presence of reduced pressure. Claim 7.The system of claim 1, wherein the plurality of projections
and the plurality of substantially matched recesses deviate from a medial plane associated with the
membrane.  Claim 8.A system for applying reduced pressure to a tissue site, the system comprising: a
reduced-pressure source operable to supply reduced pressure; 



a membrane having a plurality of non-planar, matched deviations on opposite sides of the membrane,
the membrane having at least one channel operable to transfer the reduced pressure along a first,
tissue-facing side of the membrane; and a delivery tube coupled to the membrane, the delivery tube
operable to deliver the reduced pressure to the tissue-facing surface of the membrane wherein a
membrane wall thickness associated with the membrane is substantially uniform throughout the
membrane. Claim 9.The system of claim 8, wherein the matched deviations form a plurality of
projections on the first, tissue-facing side of the membrane, the plurality of projections defining the at
least one channel. Claim 10.The system of claim 8, wherein the membrane is bioabsorbable. Claim
11.The system of claim 8, wherein the membrane comprises a porous material. Claim 12.The system
of claim 8, wherein the plurality of matched deviations allow variation of the type of force applied to
tissue on opposite sides of the membrane. 



Claim 13.The system of claim 8, wherein the plurality of matched deviations deviate from a medial
plane associated with the membrane.  Claim 14.A system for applying reduced pressure to a
subcutaneous tissue site, the system comprising: a reduced-pressure source operable to supply
reduced pressure; a membrane having a substantially uniform membrane wall thickness and a first,
tissue-facing surface, the membrane being shaped to form a plurality of protrusions on the
tissue-facing surface, the plurality of protrusions at least partially defining at least one channel
operable to transfer the reduced pressure along the tissue-facing surface; a coating at least partially
covering the membrane; and a delivery tube coupled to the membrane, the delivery tube operable to
deliver the reduced pressure to the tissue-facing surface of the membrane. Claim 15.The system of
claim 14, wherein the membrane includes a second surface opposite the tissue-facing surface, and
wherein each of the plurality of protrusions form a respective recess on the second surface. 



Claim 16.The system of claim 14, wherein the membrane includes a groove on the tissue- facing
surface of the membrane, wherein the groove is shaped to at least partially surround the delivery tube.
Claim 17.The system of claim 16, wherein the delivery tube is at least partially disposed in a groove
associated with the membrane. Claim 18.The system of claim 17, wherein the plurality of protrusions
are a plurality of elongated protrusions. Claim 19.The system of claim 18, wherein each of the plurality
of elongated protrusions are substantially perpendicular to the groove, and wherein the plurality of
elongated protrusions are substantially parallel to one another. Claim 20.The system of claim 18,
wherein at least a portion of the plurality of elongated protrusions have a first end and a second end,
and wherein the first end is adjacent the groove, and wherein the second end is adjacent an edge of
the membrane.  



Claim 21.The system of claim 20, wherein the portion of the plurality of elongated protrusions radially
extend from a portion of the groove. Claim 22.The system of claim 18, wherein the at least one
channel is a plurality of elongated channels, and wherein the plurality of elongated protrusions form
the plurality of elongated channels, wherein each of the plurality of elongated channels have a channel
first end and a channel second end, and wherein the channel first end is adjacent the groove, and
wherein the channel second end is adjacent an edge of the membrane. Claim 23.The system of claim
14, wherein the plurality of protrusions is operable to contact the subcutaneous tissue site. Claim
24.The system of claim 14, wherein each of the plurality of protrusions has at least one of a triangular,
circular, elliptical, and diamond shape. Claim 25.The system of claim 14, wherein the at least one
channel is a plurality of channels. Claim 26.The system of claim 25, wherein the plurality of channels is
a plurality of 



interconnected channels. Claim 27.The system of claim 14, wherein the membrane has a second
surface opposite the tissue-facing surface, and the system further comprises: a flexible backing
coupled to the second surface of the membrane. Claim 28.The system of claim 14, wherein the
coating is operable to reduce friction at a surface of the membrane that is covered by the coating.
Claim 29.The system of claim 14, wherein the membrane is formed from a biodegradable material.
Claim 30.The system of claim 14, wherein the membrane is formed from a biodegradable material,
having a bio-absorption rate, and wherein the bio-absorption rate is substantially uniform for the
membrane. 



Claim 31.The system of claim 29, wherein the biodegradable material includes at least one of
antibiotics and growth factors. Claim 32.The system of claim 14, wherein the membrane is a flexible
membrane. Claim 33.The system of claim 14, wherein the membrane at least partially covers the
subcutaneous tissue site. Claim 34.The system of claim 14, wherein the subcutaneous tissue site is a
bone tissue site, and wherein the membrane is adapted to at least partially cover the bone tissue site.
Claim 35.The system of claim 14, wherein the at least one channel is further operable to transfer liquid
along the tissue-facing surface. Claim 36.An apparatus for applying reduced pressure to a
subcutaneous tissue site, the apparatus comprising: 
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CLAIMS 

 

We claim: 

 

Claim 1.  A system for applying reduced pressure to a tissue site, the system comprising: 

a reduced-pressure source operable to supply reduced pressure;  

a membrane having a plurality of projections on a first, tissue-facing surface and a  

plurality of substantially matched recesses on a second surface of the  

membrane, the plurality of projections at least partially defining at least one 

channel operable to transfer the reduced pressure along the tissue-facing  

surface; and  

a delivery tube coupled to the membrane, the delivery tube operable to deliver the  

reduced pressure to the tissue-facing surface of the membrane. 

 Wherein a membrane wall thickness associated with the membrane is substantially  

uniform throughout the membrane. 

Claim 2.  The system of claim 1, wherein the membrane is bioabsorbable. 

Claim 3.  The system of claim 1, wherein the membrane comprises a porous material. 

Claim 4.  The system of claim 1, wherein the plurality of projections and the plurality of  

substantially matched recesses allow variation of the type of force applied to tissue on  

opposite sides of the membrane. 

Claim 5.  The system of claim 4, wherein tissue adjacent the plurality of projections is  

subjected to compressive forces in the presence of reduced pressure. 

Claim 6.  The system of claim 4, wherein tissue adjacent the plurality of substantially  

matched recesses is subjected to tensile forces in the presence of reduced pressure. 

Claim 7.  The system of claim 1, wherein the plurality of projections and the plurality of 

substantially matched recesses deviate from a medial plane associated with the 

membrane.  

 

 

  

a membrane having a substantially uniform membrane wall thickness and a first, tissue-facing surface,
the membrane being shaped to form a plurality of protrusions on the tissue-facing surface, the plurality of
protrusions at least partially defining at least one channel operable to transfer reduced pressure along the
tissue-facing surface and; a coating at least partially covering the membrane. Claim 37.The apparatus of
claim 36, wherein the membrane includes a second surface on an opposite side of the membrane as the
tissue-facing surface, and wherein each of the plurality of protrusions form a respective recess on the
second surface. Claim 38.The apparatus of claim 36, wherein the membrane includes a groove on the
tissue-facing surface of the membrane, wherein the groove is shaped to at least partially surround a tube.
Claim 39.The apparatus of claim 38, wherein the tube is a delivery tube, wherein the delivery tube is
operable to deliver the reduced pressure to the tissue-facing surface of the membrane during treatment,
and wherein the delivery tube is at least partially disposed in the groove. Claim 40.The apparatus of claim
39, wherein the plurality of protrusions are a plurality of elongated protrusions. 
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Claim 8.  A system for applying reduced pressure to a tissue site, the system comprising: 

a reduced-pressure source operable to supply reduced pressure;  

a membrane having a plurality of non-planar, matched deviations on opposite sides  

of the membrane, the membrane having at least one channel operable to  

transfer the reduced pressure along a first, tissue-facing side of the  

membrane; and  

a delivery tube coupled to the membrane, the delivery tube operable to deliver the  

reduced pressure to the tissue-facing surface of the membrane 

wherein a membrane wall thickness associated with the membrane is substantially  

uniform throughout the membrane. 

 

Claim 9.  The system of claim 8, wherein the matched deviations form a plurality of 

projections on the first, tissue-facing side of the membrane, the plurality of projections 

defining the at least one channel. 

 

Claim 10.  The system of claim 8, wherein the membrane is bioabsorbable. 

 

 

Claim 11.  The system of claim 8, wherein the membrane comprises a porous material. 

 

Claim 12.  The system of claim 8, wherein the plurality of matched deviations allow 

variation of the type of force applied to tissue on opposite sides of the membrane. 

 

Claim 13.  The system of claim 8, wherein the plurality of matched deviations deviate  

from a medial plane associated with the membrane.  

 

 

 

 

 

 

 

  

Claim 41.The apparatus of claim 40, wherein each of the plurality of elongated protrusions are
substantially perpendicular to the groove, and wherein the plurality of elongated protrusions are
substantially parallel to one another. Claim 42.The apparatus of claim 40, wherein at least a portion of the
plurality of elongated protrusions have a first end and a second end, and wherein the first end is adjacent
the groove, and wherein the second end is adjacent an edge of the membrane. Claim 43.The apparatus
of claim 42, wherein the portion of the plurality of elongated protrusions radially extend from a portion of
the groove. Claim 44.The apparatus of claim 40, wherein the at least one channel is a plurality of
elongated channels, and wherein the plurality of elongated protrusions form the plurality of elongated
channels, wherein each of the plurality of elongated channels have a channel first end and a channel
second end, and wherein the channel first end is adjacent the groove, and wherein the channel second
end is adjacent an edge of the membrane. Claim 45.The apparatus of claim 36, wherein the plurality of
protrusions is operable to contact the subcutaneous tissue site. Claim 46.The apparatus of claim 36,
wherein each of the plurality of protrusions has at 
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Claim 14.  A system for applying reduced pressure to a subcutaneous tissue site, the  

system comprising:  

a reduced-pressure source operable to supply reduced pressure;  

a membrane having a substantially uniform membrane wall thickness and a first,  

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at 

least partially defining at least one channel operable to transfer the 

reduced pressure along the tissue-facing surface;   

  a coating at least partially covering the membrane; and 

a delivery tube coupled to the membrane, the delivery tube operable to deliver  

the reduced pressure to the tissue-facing surface of the membrane. 

 

Claim 15.  The system of claim 14, wherein the membrane includes a second surface 

opposite the tissue-facing surface, and wherein each of the plurality of protrusions form 

a respective recess on the second surface. 

 

Claim 16.  The system of claim 14, wherein the membrane includes a groove on the tissue- 

facing surface of the membrane, wherein the groove is shaped to at least partially 

surround the delivery tube. 

 

Claim 17.  The system of claim 16, wherein the delivery tube is at least partially disposed 

in a groove associated with the membrane. 

 

Claim 18.  The system of claim 17, wherein the plurality of protrusions are a plurality of 

elongated protrusions. 

 

Claim 19.  The system of claim 18, wherein each of the plurality of elongated protrusions 

are substantially perpendicular to the groove, and wherein the plurality of elongated 

protrusions are substantially parallel to one another. 

 

Claim 20.  The system of claim 18, wherein at least a portion of the plurality of elongated 

protrusions have a first end and a second end, and wherein the first end is adjacent the 

groove, and wherein the second end is adjacent an edge of the membrane.  

 

least one of a triangular, circular, elliptical, and diamond shape. Claim 47.The apparatus of claim 36,
wherein the at least one channel is a plurality of channels.  Claim 48.The apparatus of claim 47, wherein
the plurality of channels is a plurality of interconnected channels. Claim 49.The apparatus of claim 36,
wherein the membrane has a second surface on an opposite side of the membrane as the tissue-facing
surface, and the system further comprises: a flexible backing coupled to the second surface of the
membrane. Claim 50.The apparatus of claim 36, wherein the coating is operable to reduce friction at a
surface of the membrane that is covered by the coating. 
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Claim 21.  The system of claim 20, wherein the portion of the plurality of elongated 

protrusions radially extend from a portion of the groove. 

 

Claim 22.  The system of claim 18, wherein the at least one channel is a plurality of 

elongated channels, and wherein the plurality of elongated protrusions form the 

plurality of elongated channels, wherein each of the plurality of elongated channels 

have a channel first end and a channel second end, and wherein the channel first end is 

adjacent the groove, and wherein the channel second end is adjacent an edge of the 

membrane. 

 

Claim 23.  The system of claim 14, wherein the plurality of protrusions is operable to 

contact the subcutaneous tissue site. 

 

Claim 24.  The system of claim 14, wherein each of the plurality of protrusions has at least 

one of a triangular, circular, elliptical, and diamond shape. 

 

Claim 25.  The system of claim 14, wherein the at least one channel is a plurality of  

channels. 

 

Claim 26.  The system of claim 25, wherein the plurality of channels is a plurality of 

interconnected channels. 

 

Claim 27.  The system of claim 14, wherein the membrane has a second surface opposite 

the tissue-facing surface, and the system further comprises:  

a flexible backing coupled to the second surface of the membrane. 

 

Claim 28.  The system of claim 14, wherein the coating is operable to reduce friction at a 

surface of the membrane that is covered by the coating. 

 

Claim 29.  The system of claim 14, wherein the membrane is formed from a biodegradable 

material.  

  

Claim 51.The apparatus of claim 36, wherein the membrane is formed from a biodegradable material.
Claim 52.The apparatus of claim 36, wherein the membrane is formed from a biodegradable material,
having a bio-absorption rate, and wherein the bio-absorption rate is substantially uniform for the
membrane. Claim 53.The apparatus of claim 51, wherein the biodegradable material includes at least one
of antibiotics and growth factors. Claim 54.The apparatus of claim 36, wherein the membrane is a flexible
membrane. Claim 55.The apparatus of claim 36, wherein the membrane at least partially covers the
subcutaneous tissue site. Claim 56.The apparatus of claim 36, wherein the subcutaneous tissue site is a
bone tissue site, and wherein the membrane is adapted to at least partially cover the bone tissue site. 
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Claim 30.  The system of claim 14, wherein the membrane is formed from a biodegradable 

material, having a bio-absorption rate, and wherein the bio-absorption rate is 

substantially uniform for the membrane. 

 

Claim 31.  The system of claim 29, wherein the biodegradable material includes at least 

one of antibiotics and growth factors. 

 

Claim 32.  The system of claim 14, wherein the membrane is a flexible membrane. 

 

Claim 33.  The system of claim 14, wherein the membrane at least partially covers the 

subcutaneous tissue site. 

 

Claim 34.  The system of claim 14, wherein the subcutaneous tissue site is a bone tissue 

site, and wherein the membrane is adapted to at least partially cover the bone tissue site. 

 

Claim 35.  The system of claim 14, wherein the at least one channel is further operable to 

transfer liquid along the tissue-facing surface. 

 

Claim 36.  An apparatus for applying reduced pressure to a subcutaneous tissue site, the 

apparatus comprising:  

a membrane having a substantially uniform membrane wall thickness and a first,  

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at 

least partially defining at least one channel operable to transfer reduced 

pressure along the tissue-facing surface and;  

a coating at least partially covering the membrane. 

 

Claim 37.  The apparatus of claim 36, wherein the membrane includes a second surface on 

an opposite side of the membrane as the tissue-facing surface, and wherein each of the 

plurality of protrusions form a respective recess on the second surface. 

 

Claim 38.  The apparatus of claim 36, wherein the membrane includes a groove on the 

tissue-facing surface of the membrane, wherein the groove is shaped to at least partially 

surround a tube.  

Claim 57.The apparatus of claim 36, wherein the at least one channel is further operable to transfer liquid
along the tissue-facing surface.  Claim 58.A method of manufacturing an apparatus for applying reduced
pressure to a subcutaneous tissue site, the method comprising: forming a membrane having a
substantially uniform membrane wall thickness and a first, tissue-facing surface, the membrane being
shaped to form a plurality of protrusions on the tissue-facing surface, the plurality of protrusions at least
partially defining at least one channel operable to transfer the reduced pressure along the tissue-facing
surface and wherein informing the membrane includes vaccum molding the membrane. Claim 59.The
method of claim 58, wherein forming the membrane includes forming the membrane using one of injection
molding, compression molding, or casting.  Claim 60.The method of claim 58, further comprising: 
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Claim 39.  The apparatus of claim 38, wherein the tube is a delivery tube, wherein the 

delivery tube is operable to deliver the reduced pressure to the tissue-facing surface of 

the membrane during treatment, and wherein the delivery tube is at least partially 

disposed in the groove. 

 

Claim 40.  The apparatus of claim 39, wherein the plurality of protrusions are a plurality of 

elongated protrusions. 

 

Claim 41.  The apparatus of claim 40, wherein each of the plurality of elongated 

protrusions are substantially perpendicular to the groove, and wherein the plurality of 

elongated protrusions are substantially parallel to one another. 

 

Claim 42.  The apparatus of claim 40, wherein at least a portion of the plurality of 

elongated protrusions have a first end and a second end, and wherein the first end is 

adjacent the groove, and wherein the second end is adjacent an edge of the membrane. 

 

Claim 43.  The apparatus of claim 42, wherein the portion of the plurality of elongated 

protrusions radially extend from a portion of the groove. 

 

Claim 44.  The apparatus of claim 40, wherein the at least one channel is a plurality of 

elongated channels, and wherein the plurality of elongated protrusions form the 

plurality of elongated channels, wherein each of the plurality of elongated channels 

have a channel first end and a channel second end, and wherein the channel first end is 

adjacent the groove, and wherein the channel second end is adjacent an edge of the 

membrane. 

 

Claim 45.  The apparatus of claim 36, wherein the plurality of protrusions is operable to 

contact the subcutaneous tissue site. 

 

Claim 46.  The apparatus of claim 36, wherein each of the plurality of protrusions has at 

least one of a triangular, circular, elliptical, and diamond shape. 

 

Claim 47.  The apparatus of claim 36, wherein the at least one channel is a plurality of 

channels.  

providing a delivery tube for delivering the reduced pressure to the tissue-facing surface of the
membrane; and coupling the delivery tube to the membrane such that the delivery tube is in fluid
communication with the tissue-facing surface of the membrane. Claim 61.A system for applying reduced
pressure to a tissue site, the system comprising: a reduced-pressure source operable to supply reduced
pressure; a membrane having a plurality of projections on a first, tissue-facing surface and a plurality of
substantially matched recesses on a second surface of the membrane, the plurality of projections at least
partially defining at least one channel operable to transfer the reduced pressure along the tissue-facing
surface; and a delivery tube coupled to the membrane, the delivery tube operable to deliver the reduced
pressure to the tissue-facing surface of the membrane; wherein the plurality of projections and the
plurality of substantially matched recesses deviate from a medial plane associated with the membrane.
Claim 62.A system for applying reduced pressure to a tissue site, the system comprising: a
reduced-pressure source operable to supply reduced pressure; a membrane having a plurality of
non-planar, matched deviations on opposite sides of the membrane, the membrane having at least one
channel operable to transfer the reduced pressure along a first, tissue-facing side of the membrane; and 
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Claim 48.  The apparatus of claim 47, wherein the plurality of channels is a plurality of 

interconnected channels. 

 

Claim 49.  The apparatus of claim 36, wherein the membrane has a second surface on an 

opposite side of the membrane as the tissue-facing surface, and the system further 

comprises:  

a flexible backing coupled to the second surface of the membrane. 

 

Claim 50.  The apparatus of claim 36, wherein the coating is operable to reduce friction at 

a surface of the membrane that is covered by the coating. 

 

Claim 51.  The apparatus of claim 36, wherein the membrane is formed from a 

biodegradable material. 

 

Claim 52.  The apparatus of claim 36, wherein the membrane is formed from a 

biodegradable material, having a bio-absorption rate, and wherein the bio-absorption 

rate is substantially uniform for the membrane. 

 

Claim 53.  The apparatus of claim 51, wherein the biodegradable material includes at least 

one of antibiotics and growth factors. 

 

Claim 54.  The apparatus of claim 36, wherein the membrane is a flexible membrane. 

 

Claim 55.  The apparatus of claim 36, wherein the membrane at least partially covers the 

subcutaneous tissue site. 

 

Claim 56.  The apparatus of claim 36, wherein the subcutaneous tissue site is a bone tissue 

site, and wherein the membrane is adapted to at least partially cover the bone tissue site. 

 

Claim 57.  The apparatus of claim 36, wherein the at least one channel is further operable 

to transfer liquid along the tissue-facing surface.  

 

  

a delivery tube coupled to the membrane, the delivery tube operable to deliver the reduced pressure to
the tissue-facing surface of the membrane; wherein the plurality of matched deviations deviate from a
medial plane associated with the membrane. Claim 63.An apparatus for applying reduced pressure to a
subcutaneous tissue site, the apparatus comprising: a membrane having a substantially uniform
membrane wall thickness and a first, tissue-facing surface, the membrane being shaped to form a
plurality of protrusions on the tissue-facing surface, the plurality of protrusions at least  partially defining at
least one channel operable to transfer reduced pressure along the tissue-facing surface; wherein the
membrane includes a groove on the tissue-facing surface of the membrane, wherein the groove is
shaped to at least partially surround a delivery tube; wherein the delivery tube is operable to deliver the
reduced pressure to the tissue-facing surface of the membrane during treatment; wherein the delivery
tube is at least partially disposed in the groove; wherein the plurality of protrusions are a plurality of
elongated protrusions; and wherein at least a portion of the plurality of elongated protrusions have a first
end 
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Claim 58.  A method of manufacturing an apparatus for applying reduced pressure to a  

subcutaneous tissue site, the method comprising:  

forming a membrane having a substantially uniform membrane wall thickness  

and a first, tissue-facing surface, the membrane being shaped to form a 

plurality of protrusions on the tissue-facing surface, the plurality of 

protrusions at least partially defining at least one channel operable to 

transfer the reduced pressure along the tissue-facing surface and 

wherein informing the membrane includes vaccum molding the membrane. 

 

 

Claim 59.  The method of claim 58, wherein forming the membrane includes forming the 

membrane using one of injection molding, compression molding, or casting.  

 

 

 

 

 

  

and a second end, and wherein the first end is adjacent the groove, and wherein the second end is
adjacent an edge of the membrane. Claim 64.The apparatus of claim 63, wherein the portion of the
plurality of elongated protrusions radially extend from a portion of the groove. Claim 65.An apparatus for
applying reduced pressure to a subcutaneous tissue site, the apparatus comprising: a membrane having
a substantially uniform membrane wall thickness and a first, tissue-facing surface, the membrane being
shaped to form a plurality of protrusions on the tissue-facing surface, the plurality of protrusions at least
partially defining at least one channel operable to transfer reduced pressure along the tissue-facing
surface; wherein the membrane includes a groove on the tissue-facing surface of the membrane, wherein
the groove is shaped to at least partially surround a delivery tube; wherein the delivery tube is operable is
operable to deliver the reduced pressure to the tissue-facing surface of the membrane during treatment;
wherein the delivery tube is at least partially in the groove; 



29 

 

Claim 60.  The method of claim 58, further comprising:  

providing a delivery tube for delivering the reduced pressure to the tissue-facing  

surface of the membrane; and  

coupling the delivery tube to the membrane such that the delivery tube is in fluid  

communication with the tissue-facing surface of the membrane.  

Claim 61. A system for applying reduced pressure to a tissue site, the system comprising: 

a reduced-pressure source operable to supply reduced pressure; 

a membrane having a plurality of projections on a first, tissue-facing surface and a 

plurality of substantially matched recesses on a second surface of the 

membrane, the plurality of projections at least partially defining at least one 

channel operable to transfer the reduced pressure along the tissue-facing 

surface; and 

a delivery tube coupled to the membrane, the delivery tube operable to deliver the 

reduced pressure to the tissue-facing surface of the membrane; 

wherein the plurality of projections and the plurality of substantially matched 

recesses deviate from a medial plane associated with the membrane. 

Claim 62.  A system for applying reduced pressure to a tissue site, the system comprising: 

a reduced-pressure source operable to supply reduced pressure; 

a membrane having a plurality of non-planar, matched deviations on opposite sides 

of the membrane, the membrane having at least one channel operable to 

transfer the reduced pressure along a first, tissue-facing side of the 

membrane; and 

a delivery tube coupled to the membrane, the delivery tube operable to deliver the 

reduced pressure to the tissue-facing surface of the membrane; 

wherein the plurality of matched deviations deviate from a medial plane associated 

with the membrane.  

Claim 63. An apparatus for applying reduced pressure to a subcutaneous tissue site, the  

apparatus comprising: 

a membrane having a substantially uniform membrane wall thickness and a first, 

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

wherein the plurality of protrusions are a plurality of elongated protrusions; and wherein the at least one
channel is a plurality of elongated channels, and wherein the plurality of elongated protrusions form the
plurality of elongated channels, wherein each of the plurality of elongated channels have a channel first
end and a channel second end, and wherein the channel first end is adjacent the  groove, and wherein
the channel second end is adjacent an edge of the membrane. Claim 66.An apparatus for applying
reduced pressure to a subcutaneous tissue site, the apparatus comprising: a membrane having a
substantially uniform membrane wall thickness and a first, tissue-facing surface, the membrane being
shaped to form a plurality of protrusions on the tissue-facing surface, the plurality of protrusions at least
partially defining at least one channel operable to transfer reduced pressure along the tissue-facing
surface; wherein the at least one channel is a plurality of channels; and wherein the plurality of channels
is a plurality of interconnected channels. Claim 67.An apparatus for applying reduced pressure to a
subcutaneous tissue site, the apparatus comprising: 
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partially defining at least one channel operable to transfer reduced pressure 

along the tissue-facing surface; 

wherein the membrane includes a groove on the tissue-facing surface of the 

membrane, wherein the groove is shaped to at least partially surround a 

delivery tube;  

wherein the delivery tube is operable to deliver the reduced pressure to the tissue-

facing surface of the membrane during treatment;  

wherein the delivery tube is at least partially disposed in the groove;  

wherein the plurality of protrusions are a plurality of elongated protrusions; and 

wherein at least a portion of the plurality of elongated protrusions have a first end 

and a second end, and wherein the first end is adjacent the groove, and 

wherein the second end is adjacent an edge of the membrane. 

Claim 64.  The apparatus of claim 63, wherein the portion of the plurality of elongated  

protrusions radially extend from a portion of the groove. 

 

Claim 65. An apparatus for applying reduced pressure to a subcutaneous tissue site, the 

apparatus comprising: 

a membrane having a substantially uniform membrane wall thickness and a first, 

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

partially defining at least one channel operable to transfer reduced pressure 

along the tissue-facing surface; 

wherein the membrane includes a groove on the tissue-facing surface of the 

membrane, wherein the groove is shaped to at least partially surround a 

delivery tube;  

wherein the delivery tube is operable is operable to deliver the reduced pressure to 

the tissue-facing surface of the membrane during treatment; 

wherein the delivery tube is at least partially in the groove;    

wherein the plurality of protrusions are a plurality of elongated protrusions; and 

wherein the at least one channel is a plurality of elongated channels, and wherein the 

plurality of elongated protrusions form the plurality of elongated channels, 

wherein each of the plurality of elongated channels have a channel first end 

and a channel second end, and wherein the channel first end is adjacent the 

a membrane having a substantially uniform membrane wall thickness and a first, tissue-facing surface,
the membrane being shaped to form a plurality of protrusions on the tissue-facing surface, the plurality of
protrusions at least partially defining at least one channel operable to transfer reduced pressure along the
tissue-facing surface; and wherein the membrane is formed from a biodegradable material. Claim 68.The
apparatus of claim 63, wherein the biodegradable material includes at least one of antibiotics and growth
factors. Claim 69.An apparatus for applying reduced pressure to a subcutaneous tissue site, the
apparatus comprising: a membrane having a substantially uniform membrane wall thickness and a first,
tissue-facing surface, the membrane being shaped to form a plurality of protrusions on the tissue-facing
surface, the plurality of protrusions at least partially defining at least one channel operable to transfer
reduced pressure along the tissue-facing surface; and wherein the membrane is formed from a
biodegradable material, having a bioabsorption rate, and wherein the bio-absorption rate is substantially
uniform for the membrane.  Claim 70.A method of manufacturing an apparatus for applying reduced
pressure to a subcutaneous tissue site, the method comprising: 
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groove, and wherein the channel second end is adjacent an edge of the 

membrane. 

Claim 66.  An apparatus for applying reduced pressure to a subcutaneous tissue site, the 

apparatus comprising: 

a membrane having a substantially uniform membrane wall thickness and a first, 

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

partially defining at least one channel operable to transfer reduced pressure 

along the tissue-facing surface; 

wherein the at least one channel is a plurality of channels; and 

wherein the plurality of channels is a plurality of interconnected channels. 

Claim 67.  An apparatus for applying reduced pressure to a subcutaneous tissue site, the 

apparatus comprising: 

a membrane having a substantially uniform membrane wall thickness and a first, 

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

partially defining at least one channel operable to transfer reduced pressure 

along the tissue-facing surface; and 

wherein the membrane is formed from a biodegradable material. 

Claim 68.  The apparatus of claim 63, wherein the biodegradable material includes at least 

one of antibiotics and growth factors.  

 

Claim 69.  An apparatus for applying reduced pressure to a subcutaneous tissue site, the 

apparatus comprising: 

a membrane having a substantially uniform membrane wall thickness and a first, 

tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

partially defining at least one channel operable to transfer reduced pressure 

along the tissue-facing surface; and 

wherein the membrane is formed from a biodegradable material, having a bio-

absorption rate, and wherein the bio-absorption rate is substantially uniform 

for the membrane.  

forming a membrane haying a substantially uniform membrane wall thickness and a first, tissue-facing
surface, the membrane being shaped to form a plurality of protrusions on the tissue-facing surface, the
plurality of protrusions at least partially defining at least one channel operable to transfer the reduced
pressure along the tissue-facing surface; and wherein forming the membrane includes forming the
membrane using one of injection molding, compression molding, or casting. 
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Claim 70. A method of manufacturing an apparatus for applying reduced pressure to a 

subcutaneous tissue site, the method comprising: 

forming a membrane having a substantially uniform membrane wall thickness and a 

first, tissue-facing surface, the membrane being shaped to form a plurality of 

protrusions on the tissue-facing surface, the plurality of protrusions at least 

partially defining at least one channel operable to transfer the reduced 

pressure along the tissue-facing surface; and 

wherein forming the membrane includes forming the membrane using one of 

injection molding, compression molding, or casting. 

 


