SYSTEMS FOR INDUCING FLUID FLOW TO STIMULATE TISSUE GROWTH CROSS-REFERENCE
TO RELATED APPLICATIONS 5[0001] This application claims the benefit of U.S. Provisional
Application No. 61/238,770, filed September 1, 2009, U.S. Provisional Application No. 61/142,053,
filed December 31, 2008, and U.S. Provisional Application Nn. 1/142,065, filed December 31, 2009, all

of which ar, ' m f . S{QID 1. Field of the Invention [0002]
The presert s OBARD NG B E B AL R RN B B SRR Sk e oy rems,
and methods suitable for use in treatment of tissue. 2. Description of Related Art 15[0003] Clinical
studies and practice have sﬁ] %ﬁ% r %m r re ILEE a tissue site
augments and accelerates %\Mg%\}v%ﬁ I %ﬂg mﬁggﬂﬁﬁ% égﬁons of this
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drawn frgbm(?%h%'fﬁcgtgﬁvé} Q%waerep%%%g pgécc?%é%t?é) w?i:%#&?%‘fgd into a dressing having other components
that facilitate 25 treatment. A scaffold can also be placed into a defect to support tissue growth into the
dej%ct. The scaffold is usually bioabsorbablﬁAlr&?e/&E issue in its place. [0004] Scaffolds for

or exaréﬁg,

reduced pressure treatment are described in, 008/091521, W007/092397,
W007/196590, Kicdd ofiheInventienndequacy of current scaffolds for reduced pressure treatment can

be evaluated in i rrent knowledge of 30 wound healing. Injury to body tissues results in a
wound hea\Iingr[rdezlésﬁp?(l(;:I:;,%fJ ﬁﬁéslgqaggnlﬁ% g arg?e%tegf 108 %gyt{?ag?ﬁ%%edy&‘%%‘éét&%i1&%%‘6‘&8 o hours),
inflamméaisraifoddsssistengs pnd paith(eisysiable fhs)satrermellivfyiéaeeks to months). A high level

of homolpgy exist 0SS t tissue types with regard to the early phases of the wound healing
proces:.bO Howé%%r,c 1 85‘55’2?8%%%‘3‘ for various tissues begin to diverge as timepasses, with the

15 [0003] 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 application of reduced pressure has
been particularly successful in treating wounds. This treatment (frequently referred to in the
medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or

20 “vacuum therapy”) provides a number of benefits, including faster healing and increased
formation of granulation tissue. Typically, reduced pressure has been applied to tissue through
a porous pad or other manifolding device. The porous pad contains pores that are capable of
distributing reduced pressure to the tissue and channeling fluids that are drawn from the tissue.
The porous pad often is incorporated into a dressing having other components that facilitate

25  treatment. A scaffold can also be placed into a defect to support tissue growth into the defect.
The scaffold is usually bioabsorbable, leaving new tissue in its place.

[0004] Scaffolds for reduced pressure treatment are described in, for example,
WO008/091521, WO07/092397, WO07/196590, WO07/106594. The adequacy of current
scaffolds for reduced pressure treatment can be evaluated in light of current knowledge of

30 wound healing. Injury to body tissues results in a wound healing response with sequential
stages of healing that include hemostasis (seconds to hours), inflammation (hours to days),
repair (days to weeks), and remodeling (weeks to months). A high level of homology exists
across most tissue types with regard to the early phases of the wound healing process.

However, the stages of healing for various tissues begin to diverge as time passes, with the
1



involvement of different types of growth factors, cytokines, and cells. The later stages of the wound
healing response are dependent upon the previous stages, with increasing complexity in the temporal
patterning of and interrelationships between each component of the response. [0005] Strategies to
facilitate normal repair, regeneration, and restoration of function 5 for damaged tissues have focused
on meth URPOFt ment particylar. steps within this healing r nse, especially the latter
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healing and tissue growth. The present invention providessuch Sy [0008] The
scaffoldsaptstioms, cehloviabitiods of the illustrative embodiments described herein are designed to

prade active iS5 AhUseuR SASRErPUanAER N AL ImRlaned Aoptoidimage embodiment 2

system for trea sUe at a tissue site in a mammal is 5 provi des a scaffold adapted to
be dispohiegrsijask freroetierks sovasigmaning dnddghunscelb kithebmdnio ol grasiosl efidhe mammal for
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controllable between an open position and a closed positionfor regulating t ow of the blood from

the bloothadsstiewerkhwiBrariziiy. hivleey sysesitionsd seatfeldingvsdameolsgisd, thokesvelroil xiea Bieod vessel
into the ﬁgﬁﬁ%‘i’n‘ﬁﬂﬁ '4f endogenous proteins, cytokines, growth factors, and cells into the interstitium

20  of the porous scaffold. As such, the colonization of endogenous cells into the scaffold is
limited by the distance away from vascular elements, which provide nutrient support within a
diffusion limit of the scaffold, regardless of tissue type. In addition, the scaffolds can elicit an
immunogenic or foreign body response that leads to an elongated repair process and formation
of a fibrous capsule around the implant. Taken together, these complications can all lead to

25  less than functional tissue regeneration at the injury site.

[0007] It would therefore be advantageous to provide additional systems to further

direct healing and tissue growth. The present invention provides such systems.



10 in the open position and prevents the blood from flowing into the scaffold when in the closed
position. [0009] In another embodiment, a system for facilitating growth of tissue at a tissue site of
a patient is provided that includes a scaffold adaptable for implantation at the tissue site for providing a
structural matrix for the growth of the tissue and further adaptable for being 15fluidly coupled to a
blood vessel of the patient, a valve controllabgm%?n open position and a closed position for
regulating the flow of blood from the blood ve caffold, and a controller operably coupled to
the valve to vai¥@if8]vihesstefoleanstiseenpeandasiithodand i ot positibodindints digsterad the valve

allows the blood tq flow from the bjood vessel.into the scaffold when in the open position gand prevents
8 fl(()) fetls olt%l

the blood Trom Howing i t?n%r%)l sec%(f%‘fa %\/%%ahn?ﬁ ec ggé%gs%esri%%r} 86]] llrrl%%ﬁnée ditional
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reduced ngre ﬁre therapy system, with a portion shown in cross-section, for treating a tissue site using

a scaffo Sé?(? 14] FIG. IA is a cross-section view of the system of FIG. 1 taken on the line 1A- 1A,
[0009] In another embodiment, a system for facilitating growth of tissue at a tissue site

of a patient is provided that includes a scaffold adaptable for implantation at the tissue site for
providing a structural matrix for the growth of the tissue and further adaptable for being

15  fluidly coupled to a blood vessel of the patient, a valve controllable between an open position
and a closed position for regulating the flow of blood from the blood vessel to the scaffold,
and a controller operably coupled to the valve to vary the valve between the open position and
the closed position. In this system, the valve allows the blood to flow from the blood vessel
into the scaffold when in the open position and prevents the blood from flowing into the

20  scaffold when in the closed position.

[0010] In an additional embodiment, a scaffold suitable for implantation into a bone
defect or fracture is provided that includes a charged surface comprising a streaming potential,
wherein, when implanted in a bone defect, electrolytic fluids comprising blood or interstitial
fluids from tissue adjacent to the scaffold are drawn across the charged surface of the scaffold

25 by the streaming potential.

[0011] In a further embodiment, a method of treating a bone having a defect or fracture
is provided that includes implanting the above scaffold into the defect or fracture. Also, a
method of modifying a scaffold that is suitable for implantation into a bone defect or fracture
is provided that includes inducing a charge onto a surface of the scaffold.

30 [0012] Other objects, features, and advantages of the illustrative embodiments will

become apparent with reference to the drawings and detailed description that follow.



[0015] FIG. 2 shows an illustrative embodiment of a portion of a reduced pressure therapy system,
with a portion shown in cross-section, for treating a tissue site using a scaffold; and 10[0016] FIG. 3 is
a cross-sectional view of a scaffold at a tissue site in accordance with an illustrative embodiment.
DETAILED DESCRIPTION [0017] In the following detailed description of the illustrative embodiments,
reference 15 is made to the accompanying drawings that form a part hereof. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention, and it is
understood that other embodBRARE BESCRIPTHON HF THREIDRANINGSRIral, mechanical, electrical,

and chemical c be made without depatting from the spirit @r scope of the invention. To
avoid detail notm%jssls:g%%osg%gﬁlaent%ge& %%Fe%l}hot e glr]f[t(z) Srrgcﬁgg tﬁéeiiﬁlgm eé%?%gﬁ%lgéscribed
herein, théttlegaripibarsimay omitasrtairt mfofon aketingwtissuo stiossisgilledaffdlt art. The following

detajled descrigfjan 4 refore, not to be taken in aclimiting sen capg of.the illustrative
emgﬁodiments gr%ﬁgg{ﬁrﬁggorﬁyl%%? (()-:-Ssa-f)%célr? e eglvaﬁfnésﬂé[%%%fﬁz%‘g%% ﬁ%ﬁﬁ@é’ﬁf glr}llgeké: a reduced
pressureltherapy system 100 for applying reduced pressure and facilitating the growth of tissue at a
tissue site 102 | f a patient such as, for example, in a.limh 103 of th tient, is shown.
The reduced pr@s&stfug |]e t%r%&g@gt%“nﬁ%%%%ﬂ%ﬁﬁé’é’g? a Sf:r%ﬂg?dp f% o?f]]%% ?srleré)% gcr?[é%gslsn ée tissue site
102 to fabititapg syrserth witthe piedion ahtventisswessitectoD, fortinsatingm pkspthetissingsite 102 may
have res&lgﬁ% f&o%ﬁa defect or wound 106 in a bone 107 of the patient's limb 103 which contains blood
vessels inc udlm’g ood vessel 108. The blood vessel 108 is fluidly coupled to 30 the scaffold 104 via a
veddel-scaffold PREHREEGL BOis@ prosdciedisngphicuf tlecdaialdat edifoit siveimarsoatincedvittessure

therapy S¥sh 99 f B% I Qﬁprises a valve 112 to control the supply of blood from the blood vessel
108 to the s?gﬁéd fOLél a?g%?cohtroller 114 electrically coupled to the valve 112 which is varied

between an open and closed position by the controller 114. The blood pressure within the blood

vessel 108 forces the blood into the s%@@li%aﬁ]ﬂeémygﬁite 102 when the valve 112 is

opened. Growth and healing of the bone tissue at is enhanced by the various

components of plBldodiadkltimang/ittieilcd ésstiption ofithg Bresemiy armbadiiactdssrefisemein, and
lymehocyles, d0e ale a%ldgf?llbea%};ﬁléhgrawings that form a part hereof. 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
20  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.
[0018] Referring to FIGS. 1 and 1A, a reduced pressure therapy system 100 for
applying reduced pressure and facilitating the growth of tissue at a tissue site 102 in the body
25  of apatient such as, for example, in a limb 103 of the patient, is shown. The reduced pressure
therapy system 100 comprises a scaffold 104 that is implanted in the tissue site 102 to
facilitate growth of the tissue at the tissue site 102. In this example, the tissue site 102 may
have resulted from a defect or wound 106 in a bone 107 of the patient’s limb 103 which
contains blood vessels including blood vessel 108. The blood vessel 108 is fluidly coupled to
30 the scaffold 104 via a vessel-scaffold interface 110 to provide a supply of blood to the scaffold
104. The reduced pressure therapy system 100 further comprises a valve 112 to control the
supply of blood from the blood vessel 108 to the scaffold 104 and a controller 114 electrically

coupled to the valve 112 which is varied between an open and closed position by the controller
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5scaffold 104 and the wound site 102 as the blood begins to flow through the valve 112. [0019]
The reduced pressure therapy system 100 may also comprise a reduced pressure source 116 for
providing a reduced pressure to the scaffold 104 to draw blood from the blood vessel 108 into the
scaffold 104. The reduced pressure source 116 is fluidly coupled to the scaffold 104 via a conduit 117

that is flui upled to the scaffold. 1 a conduit- old 1Qinterface, or gradient i 118. The
conduit-éggflfo #llgt%)r %’f éregi%?%%ﬂé lg%ema%?%l\éﬁﬁ%!tl iStrbu %]Egreeﬁﬁggdﬂﬁ?e%%us%ﬁ%l]t%niﬁécaffoId 104.
The redueddhsresame ste 143y vdystehe YAl durtRas openpdis€xrevchnisdercaiogdlofdhe tonplassbetween
the condyitysc, inter d reduced pressure squrce 116 to collect bodily fluids, such as
blood or%&%gé, t aqégrfegg%\%g %%Eﬁg ‘t/i%rslaléssclge)mf&.enl%a%%ei%%gsl rcgl\}\(/llfhngf’b%lglé}@r{om the blood
vessel 1@&im@015ﬂiet‘@nammgthwﬂgﬂm@d,pﬂme mmaﬂmmythmm@umﬂﬂ:w@tbwide
reduced QRS fNERANKI QNG HSALG B4 512 blood WRNAS HSSNSIER RS AR j50uPled
includes direct coupling or indirect coupling via a separate object. The téfm "coupled” also
encompasses 0% Mhbeaabregsbpresssihthesapycoystinn (6 miali dee comophise byradrters piesateof the
compon i iec ial. A y " may jnclude
chemica?,gn@g%ﬁgﬁi@ éﬁéﬁ%&?%é@%?ﬂ?%%l |§gg4gr%§éjﬁ§@0@§ i(rewogﬂjrrﬁggtﬁls;[ﬁ?gt ul etlseiﬁioxcf
communigasidr O intedhethentiokighdte d pareshareidpations: sourfedd 6)is/floidpeniplgdite thalve 112,
blood floys | IQuS direct indicat s 121.. T troller
14 and e L e A S SR e e
1020sucintgréacheobiyedidnitindetalllr dhorvndwi-teaffuldiiotdrfed hwmedlydss portioifoldf et wound

106. HO‘H%Y&BulQ?%&H&%Fgg%S%e g %%g%ﬁ%ﬁ%%.th&%%‘@éﬁygﬁ%%ﬁg%%%ﬁﬁ ffoe blood

pressure within the bloo sel 108. Consequently, vV open and the blood
pressureiigthso somprisesedanistepidésiivediy opupled betvesen thesonduitppiffel dduigcidepté8sure to the

30 scaffqli 04 foveuppiFmEnt s ovel load Riessis, MRaneBand dualinnolisdyeed

pressure applied to the 'sca y the reduced pressure source 116 may be regulated to achieve

the desiididphdsenrthe tidshowithidilghlins deesittisl drowingdd oibitcm &g/ blegdoedsstd §8umsaherapy. In
somg emodimeis; éﬁ?tﬁg?éﬁll%e S%%éék?l%@?oﬁt%"‘i P@WA&S’E& &J&‘a"i’%ﬁﬁhgy&ﬁk@? blood to

specific areas of the scaffold 104, such as those areas where faster sca colonization is desired.
[0022] TheesmmecticranyomBrisissueectiapb@ssion member 122 that pushes against the blood vessel 108

to close the blogghygsag! A Hi A0 P&rﬁ“‘é‘é{&}ﬁﬁd hahdae ﬁ?égpégﬁﬁiﬂ& or indirect

coupling via a separate object. The term “coupled” also encompasses two or more
components that are continuous with one another by virtue of each of the components being

20  formed from the same piece of material. Also, the term “coupled” may include chemical,
mechanical, thermal, or electrical coupling. Fluid coupling means that fluid is in
communication between the designated parts or locations.

[0021] Upon opening the valve 112, blood flows into the scaffold 104 in various

directions as indicated by the arrows 121. The controller 114 and the valve 112 may be used

25  toregulate the volume of blood being supplied to the tissue site 102, such that the blood bathes
all or a portion of the scaffold 104 as well as portions of the wound 106. However, the volume
of blood flowing through the valve 112 ultimately depends on the blood pressure within the
blood vessel 108. Consequently, when the valve 112 is fully open and the blood pressure is
too low, the reduced pressure source 116 may be used to apply a reduced pressure to the

30  scaffold 104 to supplement the lower blood pressure. The magnitude and duration of reduced
pressure applied to the scaffold 104 by the reduced pressure source 116 may be regulated to
achieve the desired pressure and flow through the scaffold 104 in addition to any reduced

pressure therapy. In some embodiments, the scaffold 104 includes flow channels (not shown)
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5 member 122 may be any type of closure mechanism known to those skilled in the art. Additionally,
the valve 112 may be operable between the open and closed position using any type of actuating
stimuli, such as pressure (e.g., injecting air or a liquid into the controller 114 through a conduit to close
the valve), chemicals such as an oxygen generating reaction, osmotic stimulation, electrical device, an
electricall o IRd YRS LBAMARLGR NS IR IV AMEN AR JRAU AR ARG ROt shown)
through which the external stimulus is applied. The valve 112 is operatively connected to the controller
114 via aoeéfols solansratinmisidesiseduch as, for example, an electrical conduit, mechanical conduit, or

fuid condut depipsginiecyvs B e, 0Ra) Thres e ArpssHIE AEIaPSYStom 100

can be used to engineer tissue by 15 p rom the blood vessel 108 to the scaffold 104.

Growth &hePReire) H8e elesadhathieodversel 108 idtehnuldceriunderttops:hastorqgeprestionf the
bloog incllucing, YS90t IiRIAUAY, CIOMINAL NOIRLAR A LRIS AT HaRcUadikOYEmigh are supplied to

the scaffold 104 and thé wound Site 102 as the blood begins to flow through the valve 112. Upon
implantafiddibpaallscheforlvieoul reasibe dpsmahlecbpivsasthssia Bydistosal oyt esaR B03 can

cause a pjgodlon iy Rifdheaor ol A0deean RLER M MeHARdRRAINGA dssue oy mation

Such accelerated clot Tormation can speed wound healing and tissue formation. In another example,

blood is Provigled eontaiisosttons thoavrivs).leAtioMs sHEMRSAMOXILER STaTARaTeRC®Nrovide growth

factors presentinibiond;thatreaRes Realingianddsny GlargmtionFeamplesatigipudhactors in
blood include EGF, TOP-a, TGF-I3, 25 PDGF, aFGF, and bFGF. Thus, these growth factors are

proMdedTiectiel e hifdmanoinclidethpditdaat shovmd sarereiariinh e rserna stinavsie pprkisdative

embodimeat,aiibg {89L6EL RECERHEGHIIRANSHRIGEh OIS ISROWN ANAUGR EBRRIISBRdRIPOS SuPply
portion 124 that includes a blood vessel 108 that is fluidly coupled to the scaffold 104 by a blood

supply 3srebrsien et rmheladhiaalcosdnicraerbarical aenthiitsenfvld aguluitticpradmg apply

conduit %ﬁ@ﬁ@%?@aﬁ’v@%ﬁi@ﬂpr any other type of biocompatible tubing. The valve 112 controls the
flow of blood through the blood supply conduit 126 in the same fashion as described above. Thus, the

valve 112 variel0823ldds reduspd arasrare dhesanyosisiens kodennhs warte sREMIETEIYA Between the
blopgl vessakdig 8RR iNeorsAiollcbX5g PiRad sirrlyrRaatins 1 ¢4 alayumbnagilp Be dndirectly

supplied to the scaffold 104. In another embodiment, the blood supply conduit 126 is not connected to

the bloodssséthomopnd HRds enbanesddy thessuicusrampeasnistat e hleedsnedwsings the patient's
body (naj, FRoYYBmiAR6R] ABRINEOHAME G IR RS AL NArB8{RCthaHER Rappliariyigelocated on or

within any type of tissue site 102, including but not limited to, bone tissue, adipose tissue, muscle

tissue, N ls£0r and theavessdeitgaktnarthe Sleod begins todl ustheovalthryealienbichs, or
ligaments. For examp'%pgﬁ%fﬂﬁfa{ﬁ%&&?cﬁatﬁé@EH{ﬂﬁd%ﬂ!,Sp}B{Bﬁig’%Mﬁ%@%o&’éﬁﬁbﬁ@é‘ﬁ&’%@dS1

ulcers, traumatic wounds, and chronic open wounds. Also, the bone 107 10 may be any type of bone,

incRédindpleng Yrsprlsl Ghert samssa taasorlet tarfer s the seaffalddl 8 a5 wpiaiahesp Thoiednd 106
may alsq, b AR PG RHE AR RTSAUN RIS I8 REiRAIEH AHLRIE I I ARG yhich it s
desired to add or promote growth of additional
tissue formation. In another example, blood is provided to the scaffold 104 later during wound
healing or tissue formation, to provide growth factors present in blood that encourage healing
and tissue formation. Examples of growth factors in blood include EGF, TGF-o, TGF-f,
25 PDGEF, aFGF, and bFGF. Thus, these growth factors are provided to the scaffold 104 with the
blood.
[0024] Referring now to FIG. 2, another illustrative embodiment of the reduced
pressure therapy system 100 is shown which comprises a blood supply portion 124 that
includes a blood vessel 108 that is fluidly coupled to the scaffold 104 by a blood supply
30  conduit 126 rather than being connected directly to the scaffold 104. The blood supply
conduit 126 may be a catheter or any other type of biocompatible tubing. The valve 112
controls the flow of blood through the blood supply conduit 126 in the same fashion as

described above. Thus, the valve 112 varies between the open and closed positions to control
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tissue, such as bone tissue. For example, reduced pressure tissue therapy may be used in certain
tissue areas to grow additional tissue that may be harvested and transplanted to another 15 tissue
location. The tissue site 102 may also include sites for maintenance of endogenous or exogenous
grafts, and supportive scaffolds for subsequent implantation into the patient 103. The patient 103 may
be any mal. such as a mouse, rat rabbijt, cat ,orppimates| in ans. L%% 6] In the
comext QIR SO B AR B B O R BB SpBR s s
than the portiveri?dredemsebbol tis hecmtiectiibyt ssrmlisid ttaticscatfatdh tod. Immmshonsmhatimdiant' nfl
pressmagh il A (654, an. e AAmosRhercRresPma A, Inealian ahenich e patisntdocged
Although the terms™vacuum™and "negative pressure™ may Be Usad to describe the pressure applied to
the tissueosites; dfidluictuthiapiedecatedpptiadetoftthe tistiont sileodyapdtskigmificantly greater than the
presguire normally AgsoRINGH. I OIRIELS: 25 VA GRBIRISnL MR dhis namenglagire. an
incréase in reduced pressure or vacuum pressu ers to a’relative reduction of absolute pressure,
while a deithemssyityrdottshwregsulre2o inchadingbptasgUimitefbts, wnertikstiveadipasagsskabsolute

. t ' ies [ -5 to -500 Hg,
ore sl oS BT T RS AR SRS e R R b A oo The
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tis in ient's K . li dified
scaffold tlﬁg&s%%%@r?%iiﬂ%@%%%ﬁg&g#%%&%ﬁ%%}%%ﬁ Eatgffn%gnl o} d%ﬁlgg ?/%k%?:ﬁ?lg(}f%l @srg()?upled to
the redu€sdgsnoss grais e shpporiaviheceBpldsifarspkecqiwnt iibpthalsbve. iMectha gatid $8affold 304
compris f i i i [ dj extensions
330 e b B T b S Ehe L CL e 107 The,
end surfaedvdinglmantarged surfaces so that they draw electrolytic fluid 15from the tissue adjacent
the intramedull tens tr | 13l harged
end surfaces 33@5}‘6@?% ?T%%?%%%%%g‘ oﬁ%ﬁéﬁ%@%%ﬁaﬁ g@ﬁtﬁ%ﬁ%@nﬁ%ﬁ%? gl é%%@%tﬁg%%d
grodith ofooseetsiarsttheCinldstihan the 200K pepssurcfor lissap icthakis ralipeisd dareitrientations or

: " £ Ay <i _ i its, 332
conoave cH? UG SRR AR BURE RS HOS ADAINIMEFHSIDE GPRENNEARR 352 or

at which the patient is located. Although the terms “vacuum” and “negative pressure” may be

used to describe the pressure applied to the tissue site, the actual pressure applied to the tissue
site may be significantly greater than the pressure normally associated with a complete

25  vacuum. Consistent with this nomenclature, an increase in reduced pressure or vacuum
pressure refers to a relative reduction of absolute pressure, while a decrease in reduced
pressure or vacuum pressure refers to a relative increase of absolute pressure. Reduced
pressure treatment typically applies reduced pressure at -5 mm Hg to -500 mm Hg, more
usually -5 to -300 mm Hg, including but not limited to -50, -125, or -175 mm Hg.

30 [0027] The reduced pressure source 116 may be any device for supplying a reduced
pressure, such as a vacuum pump, wall suction, or other source. Also, the reduced pressure
may vary in value per change in position to produce three-dimensional reduced pressure

gradients throughout the tissue site 102 and scaffold 104. A gradient is a rate of change of a
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20 in depth. [0029] The charged end surface 328 can be induced by any means known in the art.
In some embodiments, the charged surface is induced by electric polarization. See, for example,
Nakamura et at, 2006, 2007, 2009; Itoh et at, 2006. The polarization can establish a negative charge
or a positive charge on the surface. In various embodiments, the charged surface is 25 negatively

charged rge.also c e.applied to the surface by.surface treatment by, as an example, .changing
the surfej{)égé}g (?ﬁ%grﬂ%t%@ %at%agg |on§ﬁszén6’c?li;l/lr% %,&slﬁn é/a{g 39(%%3%9%%‘(8%}1}1@6% ‘élni"clf .%?018 [0030]
The tissiatiecady $psapbe3BBigaedals distikseeflratftaws ifotlotheraffpsit A0ehavitbretittics, use of reduced

pressur ' otential can be gener eci on.the .charged 30end surface 328 when an
electroli?%ﬁgémuémg% éTgél %%’i%l%g?é%ﬁg ?I%Iiedn ?Oﬁl]eﬁfrel ?fﬁjg%c% esiﬁfgﬁl&{/b%%g‘f‘[emg’ charged end
surface S@nBekgriatientanopipoditilisi pyeanutdgeatges, <34 of vehizihamgrobe paostidialcey328 can cause
the gssu&ﬂ#ﬁjez%p %\ﬂ?%%rrlgethe charged end surface 328 due to the streaming potential generated
therein. A char 3 surface can induce electroosmotic flow, whereby cations in solution migrate to a

charged end, Qﬂ}mkwemiauggmﬁlﬂigiﬂ,aba@wﬂﬂﬁ%mbodi@ﬁﬂdj Beadinizigtivesiathargyced
pressure datlo0ls RS AL I 16 Seallold B0l phudi ioss described by, The

gradient provides additional flow at times S'when mcreaseci ow over greaming
potentiab¢aifieldidid, somidasim ptaoivine torthe seelfaltlebizbssHcilitite yha drihattrefitinsed idutheto the
streami tigd J ired. ©n myle, of a situation for which additional flo yb sired is
W A S N e S e R R
théfapy $Y4sm3 e condvetakaffcnzprihcthd Srodifivanikichi® il hndlyissmplsidad B2, and
induce g r 328, h. electri larization, A str in tial may
pe induca CouR ey ad S e S o R B e R e
charged’@A¢emifeises 308 sthéastseilRidiyppotehiilihcraiis te tislytiité Uil anhipisingltllaoy or
interstitig| flui the. ti ite 102 agdj t the modified.scaffol 4. |f additipnal. fluid flow is
desired thr%%ﬁ%?e%?g %1%%?#?? éﬁf%{#%%d%q&ﬁ 6 careta "eﬁﬁr%giﬁgﬁ‘Sgé%g éll S’rseucfug:ge)ééoégégsure to the
modifiedistieffate B4 ddingndeurfanifoddd a8 sharged sedfacetsprthssireystrancelddtfol Btiefinichg
Poigniiat, siegilatdse MoNIDG PRshd SNAIAGHLSIRGR; Alsa sannducs bone Jormation: Concave
surfaces of a charged material in a streaming Stential have been ghown (0 Torm bone while convex
surfacedelsstiab ivdnecfHhskanarithe charged, ca@icst 260828 p Athinaioditiel abaffol 36 £ omguit-scaffold
interface, ifold,t istributes,reduced pressure to the scaffold 10 hown more
specifica#ﬁ%%%@%@ﬁt rc&e%%%:%atg %Egi%fa%ﬂflo%%ﬁ)%.Qfﬁg%glrﬁr%aﬁﬁ%é%f%ﬁn%%ééé @ilsﬁl égl;ﬁenerally
refers tcté Subtampleor txteteind doathy piodiaeditmaesisimicanp phyiis 2eshivhcprdssof erty stkelivering
fluids to,pgremoyjp i 3 i ite 102.. Thesmanifold 318 typically includs 25 plurality
of flow cf)hanf%é?é or §<?it v%%%%%%éfﬁﬁ%?égﬁﬁ%g 1rt(%vi ed" teoign%ﬁepr%\llﬁé ?Pghm &elg[?sas(&élrgite 102
ardnd thalentinifold 318. In one illustrative embodiment, the flow channels or pathways are

manifod 318 o0 Db e beA I e bt B S R A e
site 102sam¢ eishadimagtsethectingrsssunfacoitiadismddgitdetdR: polarization. See, for example,
Nakamura et al., 2006, 2007, 2009; Itoh et al., 2006. The polarization can establish a negative
charge or a positive charge on the surface. In various embodiments, the charged surface is
25  negatively charged. Charge also can be applied to the surface by surface treatment by, as an
example, changing the surface chemistry to functionalize polymers, such as exposing a
hydroxyl (-OH) group.
[0030] The tissue therapy system 300 can also cause fluid flow in the scaffold 304
without the use of reduced pressure. A streaming potential can be generated on the charged
30 end surface 328 when an electrolytic fluid, such as blood or interstitial fluid from the tissue
site 102, flows past the charged end surface 328. See, for example, Hillsley and Frangos,
1994. The charged end surface 328 can cause the tissue fluids to flow along the charged end

surface 328 due to the streaming potential generated therein. A charged surface can induce
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30 Examples of manifolds 318 may include, for example, without limitation, devices that have
structural elements arranged to form flow channels, such as, for example, cellular foam, open-cell
foam, porous tissue collections, liquids, gels, and foams that include, or cure to include, flow channels.
The manifold 318 may be porous and may be made from foam, gauze, felted mat, or any other
material suited to a particular biglogical application. In,one embo imegtét e manijfold 318 is a porous

foam afiFFHORIRL HRVAKPERNSALMS R R WAR BISSTRIS e se AR, The porous
foam maydiens peiMuRaRehopenrcell, reticulated foam such as GranuFoam(r), manufactured by

Kinetic Concepts, Inc. of San Antonio, Texas. Other 5 embodiments mjght include 'closed cells."
These closed {09 bof#3ALaisA ?ﬁéﬁﬂ?bfﬁ@ SOt Féﬁmq‘y(%lr?g,hﬁgpr%é‘fgr??ﬁ E‘? which are not

fluidly cepretieio adiasapttols dEheiblassshoelSiagyabiseiectively addposatiflowhat timesfold 318 to
prevent transmission of fluids thjégu(%h perirpe ter surfaces, of thef\ ”}aﬁ“m'c? 318 IP sgme sf‘tauations, the
mahifol¥ P RREsRsed IR QUEHtEtREIRTRITE LIRS SRR RS R et A e riaiePeowth factors,

and 10 waeRvsheslutionsxiesh e bagdohdaaneethevidransad dhasyréasing3RGerditids tegaesimay be

included in or on the manifold 318, such.as absorptiye materjals, wicking materials rQphobic
o e AT SRR e e OGO P B S (L o bl AR
substarfel Gwisk usiprmeapphest thdheodstee siefdld23 tdat provides a structural matrix for the growth of
cells and/or the formatiqon 1§§;)f,tissu$ The scaffol%olgm maé%?(e a three-iiirﬂ%aensigg@l aorous structure
that may be inHA&8 MBS B SR A BRI EITEL A 0 BSTE S ERSI TR HACR s, ExXtracellar matrix

CamPoReati ABUER Shétiegiénstor (X haidindsiancehaigpaothondelidaoestB2 8 radrastbyd 104 can
also take on characteristics of a manifold by directing flow through the matrix., The scaffol 4 may
have a $ABIH BYEHAHRYM ART18R B%‘i}é%?i %%&%%?Sfﬁlugﬁﬁn ﬁgafirs%eéipeen%ssusr %cv?/%,ﬂg 20

substanijadly firkifesre e € sset steoven, fuves iedtshapRangtdent aurfare 328 liheg sissveng the bone 107
(not shown). In some embodiments, the scaffqld 104 is in.the shape.of a hone defect in the limb 103 of
a patierﬂ‘.’rﬁﬁf:“}u]dﬁm iﬁ%]ﬁﬁaqﬁngﬂ&cmﬂﬁ%&?ﬁfﬂd I?‘B’ftrlrtlléigf}%fgsingmc}eeeti racellilar matrix
proteins Y akjacefibfir, raoliafiensoafibid ae4tinf additsymhtinl dtavaisddbired throirgh Z8epolymers,

B e
polyfumpiAter Sepiciagidiesapifyldn ideadilysadoimtipless(irchodicg hlginStesafping, calcium
o or RS S S SR SR AN LR e e e, polyamino
acids, pobtaeetatarfolicybn oharddiestailyinetkaessipoppenizltayetegleskviny deatabensolymers
Botyviny G AOR! SR RGHT AERED 2o B DL ey LTS, polyethylens oxide. polyvinyl
aloghol, Teflonjep3aydxegetscgetaitns;eatt rylatuiiFheafohfimdi ot da8 aisp bomprsd@dtmtics such
o D e R S SR RS kR Y e ot
the abovgetenparidchlamanibsdipientThikterm “manifold” as used herein generally refers to a
substance or structure that is provided to assist in applying reduced pressure to, delivering
fluids to, or removing fluids from the tissue site 102. The manifold 318 typically includes a
25  plurality of flow channels or pathways that distribute fluids provided to and removed from the
tissue site 102 around the manifold 318. In one illustrative embodiment, the flow channels or
pathways are interconnected to improve distribution of fluids provided or removed from the
tissue site 102. The manifold 318 may be a biocompatible material that is capable of being
placed in contact with tissue site 102 and distributing reduced pressure to the tissue site 102.
30  Examples of manifolds 318 may include, for example, without limitation, devices that have
structural elements arranged to form flow channels, such as, for example, cellular foam, open-
cell foam, porous tissue collections, liquids, gels, and foams that include, or cure to include,

flow channels. The manifold 318 may be porous and may be made from foam, gauze, felted
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5scaffold comprises collagen, polylactic acid (PLA), polyglycolic acid (PGA), polylactide-co- glycolide
(PLGA), a polyurethane, a polysaccharide, a hydroxyapatite, or a polyethylene glycol. Additionally, the
scaffold 104 can comprise combinations of any two, three, or more materials, either in separate areas
of the scaffold 104, or combined noncovalently, or covalently combined (e g, copolymers such as a
polyethylene oxide-polypropylene glycol 10 block copolymers, ar terpolymers), oy combinations thereof
Suitab@#h 2 B atesTara s i irsiop RaFEaR P! a&&ﬁ%ﬁ@gbﬁﬁ %?o%?ﬁ%%‘%%mz §n, 2004.

[0036] hafBle mlm(ijpw&&g,msaaﬁﬁmadd& SPMRIRGDhiMaEsinehad iclseasnestativet(eads to
bone deposition, provided that fully differentiated and competent os'glaj!ogenic cells are avai'illsble at the
e, tﬁﬁ%‘gf’éﬂts

site of AMPRNEhBRFlSy Jdie AreusHORTMRAYCRS HRONBYSHagiPRRY PRt R &eBgenic

cells frommnamesiEoanmictantrud 69 Rmitird CallsptsXanIes of Asteniey MduativOthaterials include
hydroxyapatite, including hydroxyapatite ceramic%%léiminu I and Bjanco 0032},“ d’LOOS?] The

scaffolBreRdEapLBighih }Bgea‘ﬁ&ﬁ?jifé’ﬁl.sf’hg gcl%gl?%%ﬁ Oﬁb?HSa?R} enf]%. %fﬂ‘} if&iding an

Alrli:ha@@g,@iﬁr?bﬁﬁgﬂgg @@wmﬁ?@@ﬂiﬁwmgﬁmiﬁmwﬁﬁmmmmeﬁm C(tell. The
cell can be naturally occurring or, alternatively, can be 5@5 %&ﬂ&} 0 express a recombinan

molecUlBe P eRlmashPeRale e yriv diPassd Rie O-PRE/ T HAREROL 84 d herein

meansafysRiesasatRm pkiviRgrissseine usivefeiliB IBaly tesucseugtionts thedrprdfidddiths thereof),
isolated cells, cell lines (in¢luding transformed celel%% and host g)ells. In somevﬁﬁntbo iments, autoiogous

cells ar@BrABRYEdsA s girby SR 25 nsteatians A é‘ﬁfg%%&é%elc M em cells are
usgd. varibd938hitldiRse eBhafinderts and tetiltripddalte tisaioBa6y Qiticldpersalisy becluded herein
are any completely differentiated cells, partially differentiated cells (e.g., adult stem cells), or
undiffetBHHdedd L8Nl A AitSs TR &S| Wﬂ’ﬁcrél&tﬁl?iﬁaégféﬁ%lgge%a?& si?.’ In some
embodiji@ishdbR eelierdB, siedmealispHilieseasdgmlscells can be embryonic stem cells. 30 Alternatively,
the stem cells can be adult stem %Il " Nonlirgigg .examples of adult stem %ell are induced pluripotent
stem cells (Ta{@ﬁé}:mhﬁﬁa@aﬁ@g § 3BT é%’é’rf???ﬁ%% %Féﬁ%%?&,%r 0S8 qéhved adult stem
cells, hgRatepoisticl B MAPioyvamnpriviaianeets, foethalgsoeth oflslleandiretiel foramtieils,
olfactory adult stem ce?!fs, Et)%oth-deriv d stem (ce%lls, interfollicular s emt ceII&E {E\nd teBQ,tic ar gtem cells.
[0539] Fhitsskits EAmSSRLEOLE 1 #6r mBa% P e PG BB SR ) SR O S S Stk £9., interstitial
fibroblagts, tendeniitig blasimpiaraalfiernh pststhiganentdiratlisks; meaidiacdiprobiésts, periodontal

fibroblasts such as gingival fihroblasts, and craniofacial fibroblgsts), myocyte, precursaor cells, cardiac
myocy 4Rk e ﬁeﬁ@%ﬁ’égﬁ'ﬁ% RS %ré)ﬁg&&ﬁ% e%r?‘?ﬁvl?%blsgt}:ee sa}%g% %ﬂi@ g it téﬁf(l'edrocytes

(e.9., meniRealehoniboey temantfiddlay divodngdites tidisapls v erieinaliDscoaffdld dPtesjaysteocytes,
oo e & aricy ot SRapes ERERE A LYSMEAD SBRREEHT e ARUIRR a2 68 SholiRA OOV S
20  substantially circular shape (not shown, or a rod-shape within the intermeddling tissue of the

bone 107 (not shown). In some embodiments, the scaffold 104 is in the shape of a bone defect
in the limb 103 of a patient.
[0035] Nonlimiting examples of suitable scaffold 104 materials include extracellular
matrix proteins such as fibrin, collagen or fibronectin, and synthetic or naturally occurring
25  polymers, including bioabsorbable or non-bioabsorbable polymers, such as polylactic acid
(PLA), polyglycolic acid (PGA), polylactide-co-glycolide (PLGA), polyvinylpyrrolidone,
polycaprolactone, polycarbonates, polyfumarates, caprolactones, polyamides, polysaccharides
(including alginates [e.g., calcium alginate] and chitosan), hyaluronic acid,
polyhydroxybutyrate, polyhydroxyvalerate, polydioxanone, polyorthoesthers, polyethylene
30 glycols, poloxamers, polyphosphazenes, polyanhydrides, polyamino acids, polyacetals,
polycyanoacrylates, polyurethanes, polyacrylates, ethylene-vinyl acetate polymers and other
acyl substituted cellulose acetates and derivatives thereof, polystyrenes, polyvinyl chloride,

polyvinyl fluoride, polyvinylimidazole, chlorosulphonated polyolefins, polyethylene oxide,
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10hepatocytes), mesenchymal cells (e.g., dermal fibroblasts, mesothelial cells, osteoblasts),
adipocytes, neurons, glial cells, Schwann cells, astrocytes, podocytes, islet cells, enterocytes,
odontoblasts, or ameloblasts. Different areas of the scaffold 104 can also comprise different cells. For
example, the scaffold 104 may be seeded with osteoblasts over most of the scaffold 104 and

chondrocytes on a surface of the scaffold 104 where cartjlage._is desi 0040],In some
embodl?ﬁé?@l’hél%%ﬂfoﬂéeﬂ@ﬂ fUiP&sn SREDS, a{Ea%‘a %?Fﬁ{ﬁ’%aj{:%gagg%%? is a compound or

element{@shisi Btk GABHRPROUe IR i) el b apttaimaltivnx phustimiactalidumtritional
supplements, antibiotics, small (<2000 mw) organic. compoynds (g.9., erotﬁninb 6osgﬁglandin,
prostacSafeSATHER CAFROTAS SR AHSY, §58 gs(é).’é’éﬁ?g’(ﬁj%ﬁﬁ?(ﬁsr’lﬁgg% i1 ﬁeér - aptamers or
ger_‘g“gd%ﬁ;@ﬁg_lﬁ}iz%_ﬁ%%ﬁﬁ&iB&cf?ﬁﬁ@feﬂté@lﬂiaﬁ@ afchfmlaee.an;?miﬁtﬂamnbpdin_emltsmhmrisiﬂg an .
antibo Inding site, Other nonlimiting exampjesg ol polypeptides tha € Inclu In the scatio
102 arg‘?ﬁffﬂgil(?%@FWS?rﬁ%eﬁeﬁ?&fﬁﬂé%ﬂ%rég[réxﬁ@@% ,OZ‘I;O lllg1 ?gﬁgﬁg&%ﬁl&ﬁ%ﬁ%ﬁeron,
interleukife ARRIMPKIBA) C ki arian HoNsiringfastohgd eheatieliofagiolyptiogéing or
polypeptide. Further examples inclu%e tragscri tion or elon ati%fj%factprs %%Lc%(ﬂceecgrnrtﬂg{éaroteins,
kinasesE1¥60bhASdiiRRaLY, BriscatBld 193 tamSOBRESE ERBLRAHNS Q1 SreRedr 8 SH IO SANTE proteins,
antiangingen i aieinsya KBpaLHIe ARBPOTSRe SitaTtidding4pmateinshicel surfanetanbptors, accessory
signaling molecules, transport proteins, enzymes, anti-bacterial or anti-viral proteins gr pglypeptides,
and theSRralAtySombyeth (h8 irrRRI¥aYS @%ﬁ%%ﬁ%ﬁégﬁﬁﬁ&%&?f 6?’@ %%ggiﬁﬂ (%c(iamples
inglide RWILHIFMRRE (SidlpEgtativyait daibinatotB Theréotl Blingte BatHL Bajeridnere
morphogenetic proteins (BMPs) such BMP-2A P- MP-3 P-4, BMP-5, BMP-6, RIV1P-7,
andrfl'l RSP ﬁ%fé%%(ﬁﬁ‘%l%) ﬁ?ﬁiﬁﬁkﬁﬁfélgpﬁyﬁé%ﬁzgln "IZQ%PZ; acidic fibroblast growth
factor (aFGF);[0036] fik xebhasirgbowitdasiahdE4o)ddrad ubmytisesalanytetiah thating factor (G-CSF);
granulocyte/macrophage-colony stimulating factor. -CSF); epidermal growth fa F); platelet
derived‘&FS?Wﬁé’é%Ye(%ﬁf’éﬁ? gﬂr}ﬁrgﬁﬁﬂ sl'i‘?gng P&%YF@Q%%%@&?}%&%%%%&% ﬁ){;[% rf %%?%(ﬁ (LIP);
vasculapgasiiiielil gray iy felsle oY Bie keafdinglentatianpiopstetimdy il (jidlistadn rhepatocyte
growth factor/scatter factor (HGF/SI%; an int%riflﬁin includi e%int?(r:leugin-So(!Ell_g% '&*Q%ffg' midicine;
plAcent LAt PR Lo QR 08B EH B A ST PG RS ES TcHor (P1° p Alet-derived
growth fagiaipBB (P& bcBiRdleinamial{ Broldy hgdaoxyapaitelifeciudingbydrespapatifactor-a
(TNF-a); nerve growth facr%rﬂé Gal?; br, 'ﬂ-ﬁ]erived neurotrophic factor (BDNF); B cell-stimulating
factor-3CABRRISE){ -3} ‘108?6 rotrophin-4 (NT-4); glia maturation factor (GMF); ciliary
neurotrophic f037{ONMEFYafibad del-daiiukd ceueisopHivihg tattoTt@ DNRY, qdrsephfranurturin;
artemin; growth differentiation factor-9 (GDF9): a matrix metalloproteinase (M : | jefin 1
(angl); %ﬁ&?f&%ﬂ&ﬁh& Mg&n ﬁc(fﬁéf’lﬁ.ﬁ#lga(‘f%ogeér?{baoe m%ﬁ?g?'th% §?S%tﬁ4%§§€§‘ﬂ%h%$§ﬁh
hozpnonge(G)a tbenearesingehetel peateire (Bivi)ljtrensionging ghewtitifediocan(OP-a), a TOP-13,

cranu oA 5B i B AP e AR« ST on et e suosse
platelet glariraagrovih aeiorcell” as used herein means any preparation of living tissue (inclusive of
primary tissue explants and preparations thereof), isolated cells, cell lines (including
transformed cells), and host cells. In some embodiments, autologous cells are employed. In
25  other embodiments, xenogeneic, allogenic, syngeneic cells, or stem cells are used.

[0038] These embodiments are not limited to the use of any particular cells. Included
herein are any completely differentiated cells, partially differentiated cells (e.g.. adult stem
cells), or undifferentiated cells (e.g., embryonic stem cells or induced pluripotent stem cells).
In some embodiments, the cells are stem cells. These stem cells can be embryonic stem cells.

30  Alternatively, the stem cells can be adult stem cells. Nonlimiting examples of adult stem cells
are induced pluripotent stem cells (Takahashi and Yamanaka, 2006), mesenchymal stem cells,

adipose-derived adult stem cells, hematopoietic stem cells, mammary stem cells, neural stem
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(PDGF), insulin-like growth factor (IGF), vascular endothelial growth factor (VEGF), hepatocyte growth
factor/scatter factor (HGF/SF), an interleukin, tumor necrosis factor-a (TNF-a), or nerve growth f_actor
(NGF). The growth factor can be derived from any species, including human. 20[0041] As descrlped
above, the reduced-pressure therapy system 100 applies reduced pressure to tr?e Wo:cjfnlddld%tv_vbhlf[:h
may be distributed, uniformly through. the scaffold 104. In some embodiments, the scaffold distributes
redﬁcedcﬁﬁgsgﬂ% ?S{:afﬁﬂ%ﬁggﬂ%, %&%ﬁ%ﬁé{ ﬁ@%ém&élid&%hﬂ‘%wﬁa%m eslls tpiépllistinuted in
some ursitamediis ind tveikatdyr cteaticegl@ reduced pressure gradient. For example, the reduced

[ j j [ [ [ [ [ i long a linear
pressure is not d unjformly via a 25single point source, or via a plurality of inlets a
flow passage, J)Q%%‘ftﬁlgﬁ 865%631[5?1{\%&Wh&h%@%ﬂ@ﬁugséﬁgm%ﬁ&hmmsi ibehlastinBeiments,

the redueegl, pnésstitialgiactibhists, d?ﬁﬂontﬁhmb&ﬁsﬁd@{kialdﬁﬁ@m@t@Hﬁd&&}]ﬁﬁ?iﬁ’:ﬂ@s@,f d(;siggti? ggz;}
ime, tly, the.red ressure gradients may occur throughout the woun :
ng§at<;?:egna{%g§1§eﬁggﬁ% Clggglr oél#(’%?@?\l}gﬁﬁgfesﬁf‘g%&%‘ﬁﬁ@rﬂb&fﬁtiﬁ?ﬂtﬁr%@ﬂﬂ%d pressure
i i ittt )limitatipte, friafagisr gstidjeatdidbar adientalalsstrRl adentsRagnetic
mr(;\lgidelggmhemi )gm%gdsimnlth or po gtive! esl ure ygar)g%%nts. The mani oIds%LlS and 318 and the
gcaffoldgei%ﬂsg%\ageé Y a%/ gél&dégfﬁﬂgﬁ %@%im%i% foeRisel erdrpryishartmalaicteristics.
inchemdit@Bed, dischB, iforesebralits, disndnrpitllssdsonrd, JnsamdlitreSralialdsdds and 304
ng;g:ggm e ré%zg,ed. 1}i)re%s ee a(:]li)"bS ts and/ r?tbigj ogic gr?gigents as inldiC<§lt(§sda(f b%?he arrows 1.21
and 3217 els%rgét?\r/lgcl)‘/’fg’ a8 eéﬁéﬁ%& %Q:S%S/eea?t‘ﬁg?é ]r%lffea?ldkﬁgaﬂﬂfﬁ&eae%@ﬁﬁéﬁ‘i?p U.S. Provisional
Pa@nt Applicasizsy Giset2iERaboel 6 14142 RaRa i bebbRIa D aielHBRar BaIateg b IRIRIENCe. The

5circumfegrential scaffolds 104 and 304 draw fluid radially from the intramedullary space 336 of the
bone 10a§ 16?105 Shown) nrsogzlﬁltﬁe iPr &B‘é&ﬂ%"r‘l HarvER %%@%éﬁ@&%tﬁé@?ﬁ\‘l@sﬂl and
321 in redputoblatts toe amdlatdassreBaffiecnt atber GtiudcdIs1iN184iSe0AE0 oumfashighiepreate

e pros e AR DI & 1 T P EAtA A A CabBs o P aRer o encugiane

the present invention Bl’g\ll e'ameah _ )
implanté@4saadfobdadrodyaeodChsorfudeh i thasrafioddnisadysiées Saehaps WQlRReH06, to promote

prbvide an acth L S B RS e R L B SOt er e e
organizhitantifethgept ovisiamaponattiorwithbinqbemicah pg navsieprsve S si@shsoiylar colonization
of the Sﬁ{élgft%gﬁtl %{gnqglg’so fhc queS: Sn%?ri%%%%? s:l'l%\}’)\iié?rilgnttg,e a\flvt?lgjiro]gc]é?gﬁlall (<2000 mw) organic
compounds (e.g., serotonin, prostaglandin, prostacyclin, thromboxane, histamine), peptides
(e.g., bradykinin), nucleic acids (e.g., aptamers or genetic vectors), and proteins, for example,

20 acytokine, an enzyme, or a protein comprising an antibody binding site. Other nonlimiting
examples of polypeptides that could be included in the scaffold 104 are virtually any hormone,
neurotransmitter, growth factor, growth factor receptor, interferon, interleukin, chemokine,
cytokine, colony stimulating factor or chemotactic factor protein, or polypeptide. Further
examples include transcription or elongation factors, cell cycle control proteins, kinases,

25  phosphatases, DNA repair proteins, oncogenes, tumor suppressors, angiogenic proteins, anti-
angiogenic proteins, immune response-stimulating proteins, cell surface receptors, accessory
signaling molecules, transport proteins, enzymes, anti-bacterial or anti-viral proteins or
polypeptides, and the like, depending on the inténded use of the ultimate composition. More
specific examples include growth hormone (GH); parathyroid hormone (PTH, including

30  PTH1-34); bone morphogenetic proteins (BMPs) such as BMP-2A, BMP-2B, BMP-3, BMP-4,
BMP-5, BMP-6, BMP-7, and BMP-8; transforming growth factor-o. (TGF-a), TGF-1, and
TGF-B2; acidic fibroblast growth factor (aFGF); basic fibroblast growth factor (bFGF);

granulocyte-colony stimulating factor (G-CSF); granulocyte/macrophage-colony stimulating
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[0043] References Anderson EJ et at, Tissue Eng. 13:2525-38 (2007). Anderson EJ and Tate MLK,
Tissue Eng. 13:2525-2538 (2007). Brody S and Pandit A, J Biomed Mater Res B Appl
Biomater. 83:16-43 (2007). 20Gemmiti CV and Guldberg RE, Tissue Eng. 12:469-79 (2006). Graziano
Act al., PLoS ONE 2(6):e496 (2007). Hillsley MV and Frangos JA, Biotechnol, Bioeng. 43:573-581

1994). Itoh S : if. Tissue Int. 78;133-42 (2006). Ma PX and Elisseeff J, ed. Scaffolding
i Tios b ERE ST GRS BSOS AT B0 PN
22: 3155 G200 Wik facesin@OPE; RuktnBiDikititias 26E03 1136386300 ehdveetial @bakh

med. Mater. Res. 27:183-189 (2004).

SoN eI W Bl BIGARELE R PRE A 1516 DR RO RS P9SE (2007),
NakamuizhdrglHGFISRio aneititdvlgakiiNakhmingsi Seelabki -8 aers 5 tiptateididae. @8:88:103 (2009).
Norgnan G R, L A o S SRSt B L0 W&k (PD-ECGF); platelet-derived

growth factor-BB (PDGF-BB); pleiotrophin (PTN); progranulin; proliferin; tumor necrosis

factor-o, (TNF-a); nerve growth factor (NGF); brain-derived neurotrophic factor (BDNF); B

cell-stimulating factor-3 (BSF-3); neurotrophin-3 (NT-3); neurotrophin-4 (NT-4); glia

maturation factor (GMF); ciliary neurotrophic factor (CNTF); glial cell-derived neurotrophic

10 factor (GDNF); persephin; neurturin; artemin; growth differentiation factor-9 (GDF9); a
matrix metalloproteinase (MMP); angiopoietin 1 (angl); ang2; and delta-like ligand 4 (DLL4).
In some embodiments, the growth factor is growth hormone (GH), a bone morphogenetic |
protein (BMP), transforming growth factor-o. (TGF-c), a TGF-P, a fibroblast growth factor
(FGF), granulocyte-colony stimulating factor (G-CSF), granulocyte/macrophage-colony

15  stimulating factor (GM-CSF), epidermal growth factor (EGF), platelet derived growth factor
(PDGF), insulin-like growth factor (IGF), vascular endothelial growth factor (VEGF),
hepatocyte growth factor/scatter factor (HGF/SF), an interleukin, tumor necrosis factor-a
(TNF-0), or nerve growth factor (NGF). The growth factor can be derived from any species,
including human.

20 [0041] As described above, the reduced-pressure therapy system 100 applies reduced
pressure to the wound 106 which may be distributed uniformly through the scaffold 104. In
some embodiments, the scaffold distributes reduced pressure discontinuously through the
scaffolds 104 and 304 rather than being distributed in some uniform fashion thereby creating a
reduced pressure gradient. For example, the reduced pressure is not delivered uniformly via a

25  single point source, or via a plurality of inlets along a linear flow passage, or through a
substantially homogeneous distribution manifold. In some embodiments, the reduced pressure
gradient is discontinuous spatially, discontinuous in magnitude, or discontinuous over time.
Consequently, the reduced pressure gradients may occur throughout the wound 106.

[0042] A gradient is the rate of change of any variable physical quantity in addition to

30  reduced pressure including, without limitation, biologic gradients, thermal gradients, electrical
gradients, magnetic gradients, chemical gradients, or positive pressure gradients. The
manifolds 118 and 318 and the scaffolds 104 and 304 may be designed to distribute gradients
for these other physical characteristics. Referring to FIGS. 1 and 3, for example, the
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Riminucci M and Bianco P, Braz. J. Med. Biol. Res. 36:1027-1036 (2003). Saltzman WM, Tissue
Engineering: Engineering Principles for the Design of Replacement Organs and Tissues, Oxford
ISBN 019514130X (2004). Sachlos E and Czernuzka JT, Eur. Cells and Mat 5:29-40 (2003). 5Segvich
S et at, J. Biomed Mater Res B: Appl. Biomater 84B:340-349 (2008). Shimko DA et at, J Biomed Mater
Res B: Appl Biomater 73;315-24 (2005). Takahashi K and Yamangléa S. Cell 126: 663-76 (2006). Tan
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fashion to create gradients to further promote tissue growth and/or tissue healing. Thus, the
methods and systems of the present invention provide a means for active guidance of tissue
10  regeneration through the implanted scaffolds 104 and 304 or within a compromised site, such
as wound 106, to promote functional recovery utilizing these physical quantity gradients. As
such, these methods and systems provide an active mechanism by which to promote the
endogenous deposition of proteins and organization of the provisional matrix with biochemical
and physical cues to direct cellular colonization of the scaffolds 104 and 304 or tissue space
15  within the wound 106.
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The discussion of the references herein is intended merely to summarize the assertions made by the
authors and no admission is made that any reference constitutes prior art. Applicants 30 reserve the
right to challenge the accuracy and pertinence of the cited references. [0045] In view of the above,
it will be seen that the several advantages of the invention are achieved and other advantages
attained. As various chag%;? could be made in the above methads and corgﬁ]@aions without

departing fronFaFaRees) A Banedfo Bz il EiokRes f nLired Lot n the above

description and $henun iIWVIDE PRSAS PRV fsaRiRacehall Parbisinr aipthaDiligiiative and not in a
limiting sense. CLAIMS We claim: Claim_1.A system faor treatinj) tissu}sg%ggzﬁéige site in a mammal,

the system compRiRECeRAHIANS AH LB TRB VISP AS, 2ehé! ite and to be fluidly
coupled to a binpdive$seh@ Charmam TRl Bk rectiving Mans:t9esof@po3nnd a valve adapted to be

coupled to the blood vessel and controllable between an Qpen posifi n I osition for
requilating the T8V ishi&/tbolt ﬁb‘?ﬁlﬁm&%&e‘f‘ﬁ?ﬁlgmlé?gb%ﬁé%%?ﬁ&glve allows the
blood to flow freyihiie HlQed MEISBl dRtedMeatsatia BwWASP] IBitigaeRers Basidan 2005 pre-vents the blood

from flovving into the scaffold when in the closed position. Claim 2.The system of claim 1, further
comprising a c%%‘?é?lﬂdfd?ﬁl@mmesbﬁ% 128665 16 &%6%)

Tan SD et al., Bone 41:745-751 (2007).
Tan SD et al., Biochem Biophys Res Comm 369: 1150-1154 (2008)/
10 Walsh JF et al., Tissue Eng. 11:1085-1094 (2005).
Wen X et al., pp. 1-23 in Handbook of Nanostructured Biomaterials and Their
Applications in Nanobioechnology, H.S. Nalwa, ed. ISBN 1-58883-033-0 (2005).
PCT Patent Publication WO06/004951.
PCT Patent Publication WO07/092397.
15 PCT Patent Publication WO07/106594.
PCT Patent Publication WO07/196590.
PCT Patent Publication WO08/091521.
U.S. Patent Publication US 2003/0225347.
U.S. Patent Publication US 2008/0033324.
20 U.S. Patent Publication US 2008/0208358.
U.S. Patent 4,787,906.
U.S. Patent 6,103,255.
U.S. Patent 6,365,146.
U.S. Patent 6,696,575.
25 U.S. Patent 7,160,553.
U.S. Patent 7,384,786.
[0044] All references cited in this specification are hereby incorporated by reference.
The discussion of the references herein is intended merely to summarize the assertions made
by the authors and no admission is made that any reference constitutes prior art. Applicants
30  reserve the right to challenge the accuracy and pertinence of the cited references.
[0045] In view of the above, it will be seen that the several advantages of the invention
are achieved and other advantages attained. As various changes could be made in the above

methods and compositions without departing from the scope of the invention, it is intended
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vessel to the scaffold. 15 Claim 3.The system of claim 2, wherein the valve is coupled to the blood
vessel indirectly by being coupled to the catheter. Claim 4.The system of claim 1, wherein the system
further comprises a gradient inlet that provides a gradient to the scaffold. Claim 5.The system of claim
4, wherein the gradient inlet is a reduced pressure inlet. 20 Claim 6.The system of claim 1, wherein the
valve opﬁ}ninq; closes in respﬁnse to an external stimulus. Claim 7.The system of claim 6, wherein the
external S AL LRSI, HiS ARV R dessuplim P ShAWR Ex the AGcOmRARYAR S FHAWEESN . Claim
8.The syslalirbefintaiprebedutibuganipsisitonatiad fohidpg!yimgdhe external 25stimulus. Claim 9.The
system of claim 8, wherein the external stimulus is positive pressure. Claim 10.The system of claim 1,
further comprising a reduced pressure system fluidly coupled to the scaffold for providing a reduced
pressure to the scaffold. Claim 11.A system for facilitating growth of tissue at a tissue site of a patient,
the system
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comprising: 5a scaffold adaptable for implantation at the tissue site for providing a structural matrix for
the growth of the tissue, and further adaptable for being fluidly coupled to a blood vessel of the patient;
a valve controllable between an open position and a closed position for regulating the flow of blood
from the blood vessel to the scaffold; and 10a controller operably coupled to the valve to vary the valve
between the open position and the closed position; wherein the valve allows the blood to flow from the
blood vessel into the scaffold when in the open%éi and prevents the blood from flowing into the
scaffold Weeaimthe closed position. 15Claim 12.The system of claim 11, wherein the valve is coupled
to the blood vessel and further comprises a compression member adapted to press against the blood

Fostioto T Mowing ITSLah e VENGE CASH L3 HRASSin PR 8 HAEPbomprising 2 biooc
supply condwimpdajgd to_20f|ui.dlycouple the blood ves_sel to the sca_ffold, wherein the valve is_ coupled
Comoreseion merie SA A b R e A R s LR o HEUaFORAE T e
closed SILLUI1 Alen matWwhodsvesseltof ¢ite mpamnahforreecivigg tleodthercZflaind 15. The system of
claim 13, Whereina{[%l%o%&%g RY b%ocr})%lf)ilteg B ﬁlaet%%gcrl' vessel and controllable between an open

position and a closed position for regulating the flow of the blood from the

blood vessel to the scaffold;

10 wherein the valve allows the blood to flow from the blood vessel into the scaffold
when in the open position and prevents the blood from flowing into the

scaffold when in the closed position.

Claim 2. The system of claim 1, further comprising a catheter fluidly coupling the blood

vessel to the scaffold.

15  Claim 3. The system of claim 2, wherein the valve is coupled to the blood vessel

indirectly by being coupled to the catheter.

Claim 4. The system of claim 1, wherein the system further comprises a gradient inlet

that provides a gradient to the scaffold.
Claim 5. The system of claim 4, wherein the gradient inlet is a reduced pressure inlet.

20  Claim 6. The system of claim 1, wherein the valve opens or closes in response to an

external stimulus.

Claim 7. The system of claim 6, wherein the external stimulus is at least one of pressure

b

electrical, mechanical, and chemical stimulation.

Claim 8. The system of claim 6, further comprising a port for applying the external
25 stimulus.
Claim 9. The system of claim 8, wherein the external stimulus is positive pressure.
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Claim 16.The system of claim 11, further comprising a vessel-scaffold interface adapted to fluidly
couple the scaffold to the blood vessel. Claim 17.The system of claim 11, further comprising a source
of reduced pressure fluidly coupled to the scaffold, the source of reduced pressure supplying reduced
pressure to the scaffold to draw the blood through the scaffold. Claim 18.The system of claim 17,

further c%n%%is]ciﬁg a canister quidI¥ oupled. to the 5scaffqld, wherein the source of requced pressure
draws the' BBt from tHe SXSRBIP S HHETESIATF. CTaRHSIRE PHE WS RTSPUS IS IHE n the

scaffold furtbauptedrprisescalfeainppeiritiglastrddpeasadjacenrtdaffsidissue site. Claim 20.A
scaffold suitable for implantation into a bone defect or fracture, the scaffold 10comprising a charged

surface adapted to haye a streamipg.potential, wher when implanted in-a bqne defect, electrolytic
Tids comainy bloot SV e St AL s OE 8 gt o FRAEGE f F poiag RS eRe
charged sudenpnfitigs scaffold by the streaming potential. Claim 21.The scaffold of claim 20, further

comprs g i U AR B s et R el of o
the charged surface is inohatexi foy tlegnaevth of the tissue, and further adaptable for being fluidly
coupled to a blood vessel of the patient;
a valve controllable between an open position and a closed position for regulating
the flow of blood from the blood vessel to the scaffold; and
10 a controller operably coupled to the valve to vary the valve between the open
position and the closed position;
wherein the valve allows the blood to flow from the blood vessel into the scaffold

when in the open position and prevents the blood from flowing into the

scaffold when in the closed position.

15 Claim 12. The system of claim 11, wherein the valve is coupled to the blood vessel and
further comprises a compression member adapted to press against the blood vessel when
the valve is varied from the open position to the closed position such that blood is

restricted from flowing through the valve.

Claim 13. The system of claim 11, further comprising a blood supply conduit adapted to
20 fluidly couple the blood vessel to the scaffold, wherein the valve is coupled to the blood
supply conduit.

Claim 14. The system of claim 13, wherein the valve further comprises a compression
member adapted to press against the blood supply conduit when the valve is in the closed

position such that blood is restricted from flowing through the valve.
25 Claim 15. The system of claim 13, wherein the blood supply conduit is a catheter.

Claim 16. The system of claim 11, further comprising a vessel-scaffold interface adapted

to fluidly couple the scaffold to the blood vessel.
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polarization. Claim 24.The scaffold of claim 20, wherein the charged surface is induced by surface
20treatment. Claim 25.The scaffold of claim 20, wherein the charged surface is negatively charged.
Claim 26.The scaffold of claim 20, wherein the surface of the scaffold further comprises concave pits.
Claim 27.The scaffold of claim 26, wherein the concave pits are 10-120 j.tm in depth and 253-100 Rm

in depthe1Glain 28. Thassafial of alaimi20ruvieieipibe seafialsueamprisasBy rexvanatitrigr
polylactide-co-glycolide (PLGA). Claim 29.The scaffold of claim 20, wherein the scaffold further
comprises a c&fUbisthiostersraidelhrdhs sprichinf sedurRe R e SBRRY e sedusriduesiscde hiccell.

SClaim 31.ThessgadialebafalaitRedovh@ioubthescalfelgifurther comprises a bioactive agent. Claim
32.The scaffold of claim 31, wherein the bioactive agent is a growth factor or an antibiotic.

Claim 18. The system of claim 17, further comprising a canister fluidly coupled to the
5 scaffold, wherein the source of reduced pressure draws the blood from the scaffold to the

reservoir.

Claim 19. The system of claim 11, wherein the scaffold further comprises streaming

potential end surfaces adjacent to the tissue site.

Claim 20. A scaffold suitable for implantation into a bone defect or fracture, the scaffold
10 comprising a charged surface adapted to have a streaming potential,
wherein, when implanted in a bone defect, electrolytic fluids comprising blood or
interstitial fluids from tissue adjacent to the scaffold are drawn across the

charged surface of the scaffold by the streaming potential.

Claim 21. The scaffold of claim 20, further comprising a gradient inlet that provides a

15 gradient to the scaffold.
Claim 22. The scaffold of claim 21, wherein the gradient inlet is a reduced pressure inlet.
Claim 23. The scaffold of claim 20, wherein the charged surface is induced by electric

polarization.

Claim 24. The scaffold of claim 20, wherein the charged surface is induced by surface

20 treatment.
Claim 25. The scaffold of claim 20, wherein the charged surface is negatively charged.
Claim 26. The scaffold of claim 20, wherein the surface of the scaffold further comprises

concave pits.

Claim 27. The scaffold of claim 26, wherein the concave pits are 10-120 um in depth and
25 3-100 pm in depth.
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Claim 33.The scaffold of claim 31, wherein the bioactive agent is growth hormone (OH), 10a bone
morphogenetic protein (BMP), transforming growth factor-a (TOE-a), TOE- 13, a fibroblast growth
factor (FOE), granulocyte-colony stimulating factor (G-CSE), granulocyte/macrophage-colony
stimulating factor (GM-CSF), epidermal growth factor (EGF), platelet derived growth factor (PDGF),
insulin-kgigrowth factae (eEIMeseIar endoHelial GO QHYEGEhyrnatgsR sowth
factor/scatter factor (HOE/SE), an 15interleukin, tumor necrosis factor-a (TNF-a) or nerve growth
factor (NGF). RN sAethsal sttty a scaffold that is suitable for implantation into a bone
defect or fracture, the method comprising inducing a charge onto a surface of the scaffold. Claim
35.The ggthorbof clarpe3¢arybrrsirtthenclin@gdsinducechiyelagiieROApzREOR & Claim 36.The
method of claim 34, wherein the charge is induced by surface treatment. Claim 37.The method of
claim 34, wherein a negative_charge is induced onto the surface of the scaffold.

Claim 30. The scaffold of claim 29, wherein the cell is an osteoblast or a stem cell.
5 Claim 31. The scaffold of claim 20, wherein the scaffold further comprises a bioactive
agent.
Claim 32. The scaffold of claim 31, wherein the bioactive agent is a growth factor or an
antibiotic.
Claim 33. The scaffold of claim 31, wherein the bioactive agent is growth hormone (GH),
10 a bone morphogenetic protein (BMP), transforming growth factor-a (TGF-a)), TGF- B, a

fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an

15 interleukin, tumor necrosis factor-a (TNF-a) or nerve growth factor (NGF).

Claim 34. A method of modifying a scaffold that is suitable for implantation into a bone
defect or fracture, the method comprising inducing a charge onto a surface of the

scaffold.
Claim 35. The method of claim 34, wherein the charge is induced by electric polarization.
20 Claim 36. The method of claim 34, wherein the charge is induced by surface treatment.

Claim 37. The method of claim 34, wherein a negative charge is induced onto the surface

of the scaffold.
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