SYSTEMS FOR | NDUCI NG FLUI D FLOW TO STI MULATE Tl SSUE GROMH CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains the benefit of U S
Provi si onwb 20ppl78358t i on No. 61/238, 770, filed Septenber ptr/R0@9/069725.

Provi sional Application No. 61/142,053, filed Decenber 31, 2008, and U.S.
Provi sional Application No. 61/142,065, filed Decenber 31, 2009, all of

whi ch ar 8YRFEMY FOR tNPUGING FRUTDEFEOM G0 SBAHGRODRITISSUE € ROWTH he

I nvention [0002] The present application relates generally to tissue
engineering and in particular to scaffolds, systems, and nethods suitable

for use intreat Tent CNOSS REUBRENCIEPO/RPLAEIN MR EFNS [0003]
VI al

Cinical studies and practice have shown that pro ng a reduced pressure
in proximty to a tissue site augnents and accel erates the growth of new
ti ssue at t H90l] Fhiseppli¢ation Thema el tienefit af 1& S oProvisichapApplivaion Noar e

nuner o catipon o ressure has been rticularly
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the nmegegsthbe: STMROVS! ¥ndS.S. PROALONE APpHESNNNGINA2IRS! f1RY De elrgsalsq,ed
pressure therapy,” or "vacuum therapy”) provides a nunber o enefits,

i ncl ud?29Ry, el of wihichewt hergbningoipotatebbertfdrenarat i on of granul ation tissue.
Typically, reduced pressure has been applied to tissue through a porous pad
or other manifol ding device. The porous pad contains pores that are capable
of 1@i stri buting reduced pressuregAekKdErOUNPUe and channeling fluids that
are drawn fromthe tissue. The porous pad often is incorporated into a

dr essi hg haliclyobthednvensigionent s that facilitate treatment. A scaffold can

al so be pla ' . i rowh into the defect. The
ceatford i o2 Thonstfabiicalifn RAROEInCIG 3 B0l b et yid 5 pRistY (000
Scaf f otodssaffalds, rsgstemetindmestbodsssuitalda forant imreataesicafitkag. i n, for exanpl e,

W08/ 091521, WOD7/ 092397, W07/ 196590, WDX07/106594. The adequacy of current
scaf f ofds fBeseriitoncf Related At ¢ r eat ment can be evaluated in |ight of

CLLT S oy MRS AN, BB M oty RS MR 1
henost prokanifys@cotirdse site dugures)s, anidat tdenes tanerOwiLsfnetotisday af) 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



repair (days to weeks), and renpdeling (weeks to nonths). A high |evel of
honol ogy exi sts across nost tissue types with regard to the early phases of
t he woundVASAIYHEBr ocess. However, the stages of heali ﬁ&”‘@?“‘\?’&?ﬂéﬁs

ti ssues begin to diverge as tine passes, with theinvolvenent of different
types of growh factors, cytokines, and cells. The |later stages of the
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framewor ks  for augnmenti ng endogenous cel ment, mgration, and
col oni amtindie cofectienoedinatecy pajtert. | Thedatrodiotion Ioﬁv:sagaee\m atlls algnéad:ew th the
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pr ot ei MgintGyihgkelNembil@y.om h factors, and cells into the interstitiumof the
porous scaffold. As such, the col oni zati on of endogenous cells into the
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process and formation of a fibrous, capsule around the inplant. Taken
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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.



direct healing and tissue growth. The present invention provides such
systens. SUMVARY [ 0008] The scaffolds, systens, and nethods of the

i |l ustratwoeosnbessments descri bed herein are desi gned toTpsesvdey7att i ve
gui dance of tissue regeneration through an inplanted scaffold. In one
enbodi ment, a systemfor treating tissue at a tissue site in a mammal is
provi ded that includes a scaffol dSABMMARYt 0 be di sposed adjacent to the
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position for regulating the flow of the blood fromthe blood vessel to the
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site of a patient is provided that includes a scaffold adaptable for
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and a bl thisesystpms itei vaivef ablows elgtibladd tofldvadrobd thebbfodblessdlirfto e sciffold vded
vessel .to the scaffold, and a contraller operably co ed to the valve to
vaf@ ¢ e aPSTePasEL Priventsiha bioad Bomyflowiog inaelic lﬁwb@} initgmelosed t hi s
syst en},%sq{\iml.val ve allows the blood to flow fromthe blood vessel into the
scaffo en in the open position and prevents the blood fromflowing into
t he scaf f ol D0AAEM danvthen embbdineatt, poystemdior fAci4thig drowtnofathdig atarteskue site

mbodi nent , . £ 1.0l i tahl e for. jnml tion into.a bone. defect. or
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conpri sing bl ood or |nterst|t|§¥ fluids fromtissue adjacent to The
schy f ofldidiyr eoupledtn adboasisessseh of thepatient, s yrivacentodllableebatwad:f @1 epebypositien

bone. new hEoK erdiop By o hied rE 1Y BGhe R hEP R RrREl FipRkRld ng the -
above sfpd Eatudllbnéperdtle colglletto e vAlvaRS wir theAlab, betweat tho dp& pd¥Ribnfaning a
scaffold that is _suitable for inplantation into a bone defect or fracture
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.



is provided that includes inducing a charge onto a surface of the scaffold.
[0012] Ot her objects, features, and advantages of the illustrative

enbodi merVO 2W478358cone apparent with reference to the ®CANSAYS/06HA7
detail ed description that follow BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013]
FIG 1 shows an illustrative enbodi nent of a reduced pressure therapy
system with a portion shown in cross-section, for treating a tissue site

using a scaffold; [00 i = i iew of the system of
FIG 1 taken on the | #ﬁﬁﬁSbﬁgigﬁégﬁﬁWg&% lustrative

enbodi ment  p§013] POG!1 sHdvwafandlliREAHCE BmBbERRHT 6F 4 lRBGAYprégtic@herapy §yitem,
portion shown in cross-section, for treating a tissue site using a
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illustnative enbodi ments, reference is made to the acconpanying draw ngs

that forma part hereof. These enbodi nents are described in sufficient
detail to et¥dsk ﬁ&@l@%.qrulaastraﬁ\f@ pabadimeptofy pastipp af @ rAUCSL RIS, and it
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known tpillkessvsdhbd@deatn the art. The fol l ow ng det ailed description is,
therefore, not to be taken in a limting sense, and the scope of the

illustrative enbodinents are defined only by the appended clains. [0018]

Referring to FIGS. 1 and IA, herapy system 100 for

appl yi ng reduced pressure arBﬁTéiﬂme@FS{?Sﬁ?ﬁ‘% romh of tissue at a tissue

site 102 inj6¢19) bothe BflowinpdetafBd dSdEiPtidSof the IhAKARA @mbddimaentk, refereked of

the patient, is shown. The reduced pressure thera {gﬁ/‘ system 100 conprises a
L4
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vessel 108 is fluidly coupled taq ) ) .

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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the scaffold 104 via a vessel-scaffold interface 110 to provide a supply of
bl ood to the scaffold 104. The reduced pressure therapy system 100 further
conpri sesVQ 20HYW/835812 to control the supply of blood fr8m{U0BO6HA7 vessel
108 to the scaffold 104 and a controller 114 electrically coupled to the
val ve 112 which is varied between an open and cl osed position by the

cont r olllér Thablovd prassuse avithireths iapdaiessel h0§ foecds|thoblovd sye thelo8ffoldrifés t he

bl ood | th caffteld,104 and t wwound .site 102 1 the valve.112 is
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by a c i f ' af r.adi | .
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tissue site 102. Thus, besides drawing blood fromthe bl ood vessel 108 into
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co go néierssafiield 1§45 he medyced pressurRsasiserel 16 raesealsd beratedrtp arovidy reducedhe t er m
"coupl EQESSLE?%P%{I) ltH et?ﬂﬁé@i?eaim nmechani cal, thermal, or electrical

g. ul oup [
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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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all or a portion of the scaffold 104 as well as portions of the wound 106.
However , V(/)| unme of blood flow ng through the val ve tely

depends o‘&a?zﬂ]émﬂ?"'égd pressure within the blood vessel 1%@.% l‘ﬁ?ié’&aﬁﬂ%tly,

when the valve 112 is fully open and the bl ood pressure is too |l ow, the

reduced pressure source 116 may be used to apply a reduced pressure to the
scaf f ofhgt digeet the bloehioesspeeificrras pbihescaffdd d 0hrsushs oy thoserareasimagse fasgs and
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pressuré source nmay be regul ated to achieve the desired pressure and
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n so enbodi pent s, .the scaffo 104 i ncl udes ow channel s (not .
shown) DIea VaFFLILE toifog Hargblopd VeeicioR: &t Silf’é]gﬁlsbed_fnd%&)o_ dhatfhy PmmEssioafych as
those alGfRr Wﬁlﬁyfr?g%hﬁypé%%fo%%r&% %ﬂtblﬁ%b% tﬁﬁm‘éé%ﬁ&ﬁm thﬁ%Z] The val ve

112 conprises a conpression ne at’ pushes agail nst the bl ood vesse
108 t o Addamealihehdiaded] 12msg be dp&able bestesn it dpenand elos¢dpabitiduatsingany

conpressi on nmenber 122. may be any type.af closure mechani gm kno t.o t hose
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123 sustchas, for gxaraRlangsl decteienl eprdutit; meghanienh genduit, prldwdsradyit depsading onor

fluid ﬁ%q?ﬁé6f&?\pee&ﬂ{2gg on the type of valve utilized. [0023] The reduced
pressure erapy system 100 can be used to engi neer tissue by providing

bl ood from {6023pThe geduesd plesslBSthemply Resterah ehalbd Oded teagibhberadsudtgal i ng of
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ag
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speed wound heal i} @Rdlantation of the scaffold 104, proteins from the blood supplied by the
20  blood vessel 108 can cause a blood clot to form in the scaffold 104 as an initial step in wound
healing and tissue formation. Such accelerated clot formation can speed wound healing and
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 formation. In another exanple, blood is provided to the scaffold 104
| ater during wound healing or tissue formation, to provide gromh factors

present iWOBPHIUSIRat encourage healing and tissue for mBETAR200064BT es of
grow h factors in blood include EG, TG--a, TG--b, PDG, aFG-, and bFGF.

Thus, these growth factors are provided to the scaffold 104 with the bl ood.
[ 0024] fRit comrpwicatinn hepweintthe blood yesseler08 dndithe scaffolde]l Gdntidi bieast supplyt he

reduced pre re thera stem 100 i 0, ' rises. a bl ood supply
ort oRoisf A b Blbfte BY H Sk Gurelid MO sittchd's ELTRIAndfiS: nbodiBfnd PP
scaf f oligk H164d Qipphy ddndell 136 RPAA coEdiedito ADI6ART egbel 108 bUR edthet 16 anBLieiRT
directly to the scaffold 104. The bl ood supply conduit 126 nay be a

cat het putep obilyidpthabis lecaied @itsige etbapatisnbisdodymaighowme val ve 112 control s
t hecfl f | . | ' f ashi
e o o g AR DR ST AR e o

posi t i evithid anyctypé oblidshelsite DIRYIMhudiR brmobRinited o, bbee hissnohdyrss dbsue08 and
the scaffold 104. The, bl ood supply portjion 124 all ows blood to be

i ndi r e@Ysgledissis nedaktissug, deapal tisgicy vasgular fissug, foppestive HsBw: sEHiRge:t he Dbl ood
supply Inb 13 | at her to
an ext (taérh%g ,g%&%%@eﬂg? ?%elxg@lﬁ{éﬁg%&?% golté)lg? gﬁ h%:i}gise i Ee (’)#nct (gla%)g?%(%sf 's body
(not s keeisipnal [vaARES, ultees, maumdtid 66undsy afdbclannic wpen woondsdAdsecthe twue h0as a
fracture, .| ocated or Within any type of tissye . .site.102, including but
nof D1 | A 48 WISl bope-daeluding Jeethasty. sher bonck, e bones dTe@lentRiFn ] | ssue,
der mal sidafRifhonéds THE douhd 36¢/Bray GROMBGhY Yisue!tBa YnotGREskArAY Snjufe@dons, or

| i ganents. For exanple, the wound 106 can include burns, incisional wounds,

exci si dafgctedor dissteadlis am area i whivhtif is degitedds addavpromothgrowsipehadditionds. Al so,

t he bone 107 be any type of bone, including |o bones,, short bones,

1t oo “uof AL e Fe o e dimals Btuni] BrebSne S IRraRS IR HEB%HR "2l 50’ be
any ti gergen tibatle akdas R@ broneaRBSHal tissub fiad h2d behaflebes bed trafdplanitddstb@asthes an
area in which it is desired to add or pronote growh of additional tissue,

sudh asispiecations dbe tiswe sig Afpmay alsedulede pics saunaintenanpgoiendegspgusmiy be

g : . o . _ )
nar ves RSN Helty 308 Sulcie ‘Bl B BN el SR B PREERS, o 10
may al Jheipiidntde3 fialyde aho mdihal avans @ mdusendn gebbirisatpdoge xoptimaks grafts,

and suppcil;f{,i ve scaffolds for subsequent inplantation into the patient 103.
The patfddngbumansy be any mammal, such as a nouse, rat, rabbit, cat, dog,

or prinmate, [0026] In the context of this specification, the term “reduced pressure” generally refers

20  to apressure that is less than the ambient pressure at a tissue site that is subjected to treatment.
In most cases, this reduced pressure will be less than the atmospheric pressure of the location
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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i ncl udi ng humans. [0026] In the context of this specification, the term
"reduced pressure" generally refers to a pressure that is |ess than the
anbi ent pwoswrEsEs a tissue site that is subjected to tceatsomiso7en nost
cases, this reduced pressure will be |less than the atnospheric pressure of
t he Iocatlon at which the patient is |located. Al though the terns "vacuunt
and " nelysidal euantissdat ‘dlangwnb’elmsiedcltaogdesmsuhm tMerepversﬂla lcenchmpstclaﬁdldt o the
tissue. S site pay

si gni flmgéé{ athy}tlgPeaé’t eflﬁﬁ?f{efﬁﬁﬁﬁpgtg f‘rﬁ ef/p é‘@ Fléatr%‘iﬁe%t‘f’ﬁ a conpl et e
vacuunincfuaig sibRgic givbdlbnth Rthérn2® BRARNA! blebiricAbrhd16hiS ARSelc bRAWARD Pressure
or vacuum pressure refers to a relative reduction of absol ite preéssure,

whi | e sheaied gradients or pesitiveipissuis gnadients, eash ol mhinhanaybeproaided dyto a

relati bsol ute pressure. Reduced pressure treatnent
typsac %llﬁtabfép%%ﬁég[sgéﬁgced pressure at -5 mMm Hg to -500 nm Hg, nore usually

-5 to -300 [ae28PRefeningidiRIG. Bldn diRinativeein®odibient §0the rddliced Pressute/ eriipy HI-
[ 0027] The reduced, pressure source 116 maé@be any device for supplying a

r educ edSpesSLFRNPriTRG? HEsug tReadRILAYSisNO ¢ mtﬂ@mle@ﬁcal sharge firea modifiede.
Al so, §é&ﬁofcﬁ§b¢§?xﬂll&r 1ﬁ§§rﬂftﬁren[g¥hé/ %ranoldnl 04al, "ffcﬂ@t e tﬁ{' gl%gﬁh LR s%g ItHH nto
uce

produce t hr ee- di nensi ona ressure I en roug e tissue

sit e 15¢healdd of e faviedt’s Geab w3gﬂ?adu®ﬂgar¢£me nﬂe@tl& appliehange nﬁi‘d1ﬁém§c51'f£61al
qu t hat . changes i er. change in positiaon. Mreover, the

Ui 10 f oGl ntesrfel 1 G Tioeninlan T8 oAe ALY éOlg?l%fhtPéh% s for
Ot her %M&d%&ssﬁfé%@ﬁfc’éqr%%d hE condift H@'aBQeQ:'rfB 29bGved rﬂ%‘rﬁ&ﬁﬁ dd
gradients, electrical gradients, magnetic gradients, em cal gra |ents or
posi t i ¥ qmeprises endyuaiceni2s, dlsimstd adjacent tohhﬂaysubelt@ﬂ@?x/amﬂenitrbmemllmyt abl e

gr adi ent, _sour 0028 Referrl to FIG 3, an aIt rnatijve ment of
t he re%fﬁ%lgﬁ)%?ggg{ﬁﬁe ‘%Pké S‘}dg’? g’r‘?f%%n H’(S‘r"rB’rellg'irﬂﬁe “@Ws%ﬁ&e S%?fg’b? system
300 t hadsusibitd 1022 STHR cp@tstiifaeds 3Q9@fe9&1af%%d%ufm5fsb afht &Wfdfrﬁbéle\%% éﬁhidar in
structure to the scaffold 104 to facilitate the growth of tissde 1n the

bohe 1figmdhe tigsge p@ﬂcwthesmtrambddm extebinns &3P res sesub ofithye dteampyg i ed to the

ot £ of iy Eb ghod Aol S oo SN RE o Uik ot BT 0B e 116
vi a t higaveanetiie 13 tFhage des&epbﬁadn allingﬁ@wtﬂ_ Bﬁodﬁ&fﬂlistse(d}r%iﬁﬁ(f aldzl J60Y) sippr i ses
and

end surfaces 328 dlsggsed adj acent to the tissue site 102
i nt r an®e AT EXRPPIExE o %ﬁ%cwevwﬂeﬁmm or epveflave titha33 yhicherebe ofrariyngize t he

intr af@%ﬂh}ke’?‘ "% sbing %Hﬁ)oﬁﬁl@en(?g, tl]iehc%ncave pits 332 are 10-120 pm in depth and 3-100 pm
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 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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tissue site 102. The end surfaces 328 are charged surfaces so that they
draw el ectrolytic fluid fromthe tissue adjacent the intramedul lary

ext ensi ong038M/@s3s8 result of the stream ng potential i rdwasdocdhesreon. The
charged end surfaces 328 of the nodified scaffold 304 nmay have a texture to
enhance the deposition and growth of osteoblasts (G aziano et al , 2007)
such  @fectrb&maaIow, vheteHyeoatiofisingblution aiyetd todeuhbrged @nd, asmotioaltyave pits 332
whi ch can_be_ of any size or shape. In sonme enbodi nents, the concave pits
332f ardéagfglglfbl)dﬁ%wﬂgmﬁ’etbﬁlﬁ- and 3-100 nmin depth. [0029] The charged end
surface . |

enbodi nent i“@?még %ﬁgﬁgggégh@%ﬁég@élcgsﬁ%ﬁ% dmt%/ﬂsg{l %}gfﬁ??‘gé ?)%qliaé??(gg?i on. See,
for exeaffilé304yakadnding thetse describdshove O gradiest provides atditiinal lowet times

polari zati.on can_establish a n tiye charge o 0si t.i we. char th
supf aé’\éhenll?Pr?ﬁéF‘?gﬂg’ %fﬁbg’m %@Wf"gg Yhire SHEY gpg{?Pﬁﬁlgl@afséreﬁegé )f%/ng‘feif/’oghar Sed.
Char g&,1RL $anGAR 0P Ex@BPIhAD e 6hd 18t RHHOVEE Budip tRaIittcating pEBAIR N ddsited.as an
exanpl e, changing the surface chem stry to functionalize gol yners, such as

erposiOrg: exai]!cmlptb_r(lfmys:ituéﬁ@-ﬁor ﬁsdmlmdd[t@ma owmaytheslssiced ig apy pf theyaitialstagss can
al so se flui .OW Lp the.scaff 4 w thout the use of reduced

pr essuf (.’Wlﬂgélppgﬁ{?flﬂﬁot)ﬁ‘teéﬂﬂlg?&%cgﬁéogieﬁ%enerat ed on the charged end surface
328 when ar[o@zqqysﬁ,% e kigsiel thérdpy Sy 360, l carghler camipplpthetmadifiéd ui d from
the tissue sité 102, flows past the charged end surface_328. See, for

eﬁﬁnp!se@ffdlﬂffétcgsheaiﬁweﬁi@dﬁ sandindupe aphatgsghihgend sWdacss SESHCBIBO an cause
the tissue ui to,fl e

st eafiRl R e g g e ey 85 oAl il e PREge ChaiFraL O34

l ngUC&ﬂ{eﬂ;-ﬂ_\ﬁ@lﬁ?sﬁﬂgé €isdueGite fl}mﬁgﬁ’b?baﬂamd ﬂmﬁgeidﬁndehnfadecﬁ%mlgrs&bmmg a charged
end, osnotica ragging fl ui 1N ith. t ) G adj. .

t han rrg@énm@ehdrpwggkeﬁrglg‘g? ideispmprape Bla %@tsﬁgglﬁl[efg’%%&?fﬁéﬁ%ﬁ%?‘% S 2851,

| ncl ”Ci:,(\)ggg}a,@&ﬁ‘?héjﬁﬁgi@fep%gaf?&%64. TMAd%AL fRRE 1BWAY b8 daridubh gral flow at

times I NCrease ow over that generated by the streamng potential is
dasi r adedified scaffeliod 04, thetvaretalemmaglalsofapplycesduddduiresshesyto thi mhéi%ed enoved due

toth t ' tential i.s desired. On - - .
nddi { GNEI BB AR PaReR B 18 R e tetused prres Py | LS SO O g
i mpl a;ﬁog%%igﬂ ef%t:tr&lg‘tf'eg sl Cg ﬁéﬂst s eRib& SlrBRé . al{B3hduds bbae fdMatibssue t her apy

syste a car ker cah apply-the nodified
Concave surfaces of a charged material in a streaming potential have been shown to form bone

while convex surfaces absorb bone (Hillsley and Frangos, 1994).

20 [0033] As indicated above, the conduit-scaffold interface 118 may be a manifold that
distributes reduced pressure to the scaffold 104 as shown more specifically in FIG. 3 with
reference to the manifold 318. The term “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

9



scaffold 304 to the tissue site 102, and induce a charge at the end
surfaces 328, such as by electric polarization. A stream ng potential may
be i nducestoupmn7sise charged end surface 328 when fluid feenstéentirasue site
102 flows past the charged end surface 328, the stream ng potential draws
electrolytic fluids conprising blood or interstitial fluids fromthe tissue
site HaR opshypsBat mhdalnsted toeedpatiailhodidiogiddl applicatibe tIn@nabmbbahmd:nf Itlmw | s
desired through the nodified scaffold 304, the careta (E may aI
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and renbved fromthe tissue site 102 around the mani fold 318. In_ one
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pressure to the tissue site 102. Exanples of manifolds 318 :l“gl ude, for
exanpl e, \/\/[Q‘Héhffhﬁ temint "seaftid WP@E@etméferh&Pé@?%Q}rsgium@ﬂee%é’ £& Wy r anged
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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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contain a plurality of cells, the majority of which are not fluidly
connected to adjacent cells. The closed cells may be selectively di sposed

in the n&nbfzoimh7§3;158_ to prevent transm ssion of fluids tpcoughooessimet er
surfaces of the manifold 318. In sonme situations, the manifold 318 may al so
be used to distribute fluids such as nedications, antibacterials, growth
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20 cell is a mammalian cell. The cell can be naturally occurring or, alternatively, can be

transformed to express a recombinant molecule, for example, a protein or nucleic acid (such as

amiRNA). The term “cell” 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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conprise ceram cs such as hydroxyapatite, coralline apatite, calcium
phosphate, calciumsulfate, calciumcarbonate or other carbonates,
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ost eocapillacy, iavié veiateadmablsal icBlgd) UshethB Al rc@Hé’%%tkerrﬁmobﬂE% lag ﬁ&g;{%ydr oxyapatite

ceram cs (R m_nucci and Bi anco, 2003 e scaff 4 can al so

coffor i Re@atgeytes); mgsenghymaloghls (4 &i méﬁbrobhﬁtsbaewlmhahmmmmiasmb i ncl udi ng

, th |
2 ey RO ARl Gt S B L S Gl SRRV RGBT Sl y,

can berdontwhkkey mterdndloblast@rbﬁﬁeraltraﬁsa@ ﬁbtheaeiffdmllett Uzl,u?alsd; e6mpAR B Eren@
protei n,.or_nucl ei fg ch as a mMmRNA). The term"cell" as used herein
means &HY E‘?reeﬁﬁ?Iqu’ SG¢# ‘PIH\}pﬁglatYﬁ@sSG%de@lVﬁéh Q%mbéasaerowr mmtqu the swffeld

I t I e | i,;nes (including
Cranor o g ChBPO LM kBt kearf1® 18 Whe et et desitd o1 ogots. cel 1 o
arlé enpl oye[604(l] dn@omelenbnﬂmhnmhe scaffolh b@yefuethes coalhlbrisgﬁa bfoacﬁver@%ﬁel £ cells,

t | ed 038] These enmbodi nents are not limted to the use
81[ Zn;elo 1%a§ﬁy g %%%W@“LEHEP et K& -dio) CWR%Yﬁ)‘IhétOéIO?H@quﬁl@r enti at ed

e T e
st em ¢empaynds|(ags @mt@mb@mmlmhn phestacgtling tlrombekare, histantine) Tpgsidest em
cells (ggnbgﬁyﬁrﬁpn) uclle(ic gélgsme. ., ap%amers 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 intended 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);

b

granulocyte-colony stimulating factor (G-CSF); granulocyte/macrophage-colony stimulating
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Alternatively, the stemcells can be adult stemcells. Nonlimting exanples
of adult stemcells are induced pluripotent stemcells (Takahashi and
Yamanaka,wdQ0fiyorsssesenchymal stem cel |'s, adi pose-deri vegcadishoomsem cel | s,
hemat opoi etic stemcells, mammary stemcells, neural stentells, endothelial
stemcells, olfactory adult stemcells, tooth-derived stemcells,

i nt er f factor (GMRECSE}; epideahhlgrowthdiaties (HGHE); pl’at@ét@lﬁi‘ﬂ?i %ﬁwttjlli ﬂﬁﬁﬁ](PDTGiB? ;cal I S Can
al so be, exanpl bl asts, .chondrocytes, fibroblastic ce

i nt er s%“is‘tﬂ?‘b[‘k? grlgggtb?aggqrg C?@el?ﬁg?mﬁ 1B]i“gﬁ1)%(sfﬁ%t°r AdF ypsouias eadothelial grawt arre nt
fi br obfg} SVEGRS; GngfogbhiR! -0 fh@i B?es Swittifa gival
fi brobl astgV angf crgar% olf a%%l(?p% a%lrgﬁeas’?@ sartrlfllbc Gt e%'ursorgtge (fa%"e{‘

car di afaCWdeQfé&F) akiatezlenkinripduding sterdankot-8 (u8)s leptinpiidkines placaitald nuscl e

arth cuPE esios Gl Ser GRCRRO PRI ER Y b edS R R B e ety e
endot h iwﬁi fa@ﬁJrJBB (HDGF-:BB)@bfeicﬁropﬁﬁﬂPmr og@Nli:§rifARAURRE hédroge! | S)

epit he cel | e.g., ker at i nocyt es, | pocytes, hepat ocyt es),
nesenciy Wﬁ'la (&Nﬂ-@ perve grovdthfartor (Ef)obltaasd@‘lvemmphlalfa@@i (BONF); B

podacyt el B35S BerPE AN e Al ST S oM A ST eSO

Di f f er maturaioadactof (GVIB); etk ﬁéldotl@ﬁn@watoal(snwwgml &l- a%rfdea&l@mrotr@ its. For
exarrpoieaetthe scaffol d 104 may be seeded with osteoblasts over nost of the

scH¥ f ofagtoy (2D hlﬁés R,eﬁi?ﬁhmowmmeﬁrtqn@ugmb differentiation ﬁﬁCiQiﬁj((lilgW)Mer e i
t her
conpr i B gl Sfhasd A0 LRI ARLHTRIS ohdEIBOR sy MU ¢

(e.g.,Ini soma)emﬂmdimmm thengroonde factoe mgtbgzﬂ{rborﬁfonb HeH, rﬁl&irmzng% Oh@@?@@d es
I d nut onal pl ements, antihiotics < my)  organic
Lgﬁpﬁuﬁa@z B W bR ae R ARG o). BTOL Reyfiroblastary SRasthe.

hi st anipes) C%rQﬁHBéﬂ@-E%ﬁ@ Qtlmuﬁﬁﬁ‘g?&{&'(G)CSEé(Qrﬁlu(fo&e{(ﬂﬁcrgﬁh ercoftiiy2Mer s or

genetlc vVeéctors oterns,“for exa I ne enzyrme, or a
priét ei siinndatprg factng((&M @&F) bpidyrnizl gehiwit fmtdne(ECfH)h;ﬂatem démvedtgrmgﬂeﬁaawpl es of

Por Mo DGO RHER BrobeR FalRa e h Vaseblsf gt heroseh Bk EBbDy

i nt er figpatdcyte Rk thTakbiscagemBikt {T@GF/‘S‘F? oklinRrle®8h Otﬁﬂm?héd?‘b’él??a'cﬂﬂ factor or
chenot acti c factor protein, or B ide. Further exanples Incl ude

t r ansciNt e ar nerve Btsm}htfamr 0 rTshe g@Mh fagtot eandweriterived fromt amyrspecids, nases,
phosph%lﬁa% ’h repair proteins, oncogenes, tunor suppressors, angiogenic
pr ot ei Nns, ! 1 ogeni ¢ proteins, inmune response-stinulating proteins,

calol surf aC[QMIE]C&@ﬂéSbﬁbecBMé,Stﬁé Yeduced-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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signaling nol ecul es, transport proteins, enzynes, anti-bacterial or
anti-viral proteins or polypeptides, and the |ike, depending on the

i nt ended weeonfo783%8 ul ti mate conposition. Mre specificpexaspdscime! ude
growt h hornone (GH); parathyroid hornone (PTH, including PTHL-34); bone
nor phogeneti c proteins (BMPs) such as BWMP-2A, BMP-2B, BWMP-3, BMP-4, BMP-5,

BVP- 6, m&BMB1ds, 1 18ned BB asd tHersaarsdlas 10nghdp0avhdy disgibote-radulde pegssurd G- bl , and
TGF-b2; acidic fibroblast gromh factor (aFGF);_ basic f.ibroblast growh

f act orgr@m:r@ynd/@rrtaﬁl@g@cg}@@e@é %Wg‘l@terlrbm g #igvy bk and 324 psspsctively, as
gra”“'d%%é%?%gf ﬁ@ﬁ&gdgﬁl%ﬂx hirf Mﬁés:pﬂgédafﬁtlﬁ’ ﬁxg%s%ﬁipat&ﬁ' dermal growth

factor erived act or an insulin-like growh
f act orAdplichtionslearikdr0sa andl6il HARO6Y, Which are l(etdbﬁ)mcmatsvﬂdw refecesceieThal growt h

o ut b&ﬁé%%m@i‘g%% {orbrlathent Sotemeiyid Tacheith i e ermiedy Riry ey T30 o2 ©
terl AceRhA
Iplnat(:areltﬁ rlﬁ)g(e(h&g% Lﬁ? g{l‘lth@ir %gfﬁv‘\fﬁiof act or 1% I%ErDl-Q é%%t%%fg]{eéﬂgrsderl ved

gr owt H2fl ant 621 BBreSIRB@uBm): redhiced pteswﬁonot(lémtf}nulpb@fgmalrdwqonﬁnwléI iferin;

t unor Grosi s fact ner.v rived
neur otlf §’b 0 Feals g ;‘\“m@remots?lﬁsﬂﬁ|gé?wﬁgm?‘}é’6%‘8 e %ﬂgé% %dg fler! v
neur ot QRbA N s&Mm@))f tH@%‘és@ﬁtr 1ﬂ%ﬂtiﬁbn‘br&\fiﬂ_e #incatl fod astleWwuadanodof istor ( GVF) ;
ciliary neurotrophic factor g@l al cell-derived neurotraophic, factor

( GiDNF)rpgqmraslep hhmuglnélgnmlantﬁd Saaftf@ldfﬁ 4 Wﬁrd’i’lﬂﬂéﬁéﬁmpﬁ%mlé‘?ﬁ filgetush- 9

(GDF9) ; xrretal ! einase i apg2; and
del t a- qsl"Y(Oém 8 pﬁoTﬁf%E?c iofig] rgcor?{gg% s %@9 qu1 %ﬁgﬂ (gl W%%I%t%rﬂlgs
gr owt hybe rtﬁssem(t@zbs an@d stasmﬁs RRegeraid mectianisei by (BMA)to ptoraots tler m ng
growth factor-a( TG a) b a fibroblast growth factor tlgglocl)lemlcal

gr anul deyg@ogs)dmlt@mq&mq@mﬁgn g{g@l@}zat(cg_(éghf) provisional matrix wi

granul g o , | growth
fact orm’%@&ilf ﬁhgﬂélacgﬁcg%rl @\%885% oth ﬁﬁ {?gtgte g@% g%@?? ﬁ I0|r ﬁ%“?%féé%r owt h
f act orwithigthe wyast1dgar endot helial growt h factor (VEGF) hepat ocyte grow h

factor/scatter factor (HG-/ SF), an interleukin, tunor necrosis factor-a
(TNF-a), orl0R3] %_fgssm factor (NGF). The growth factor can be derived

fromany Spefidim &'dzﬂdmguéﬂﬁgg@gz[ﬁ%&] (ofr)descri bed above, the

reduced- pressure t erapy syst l'i"es reduced pressure to the wound
106 whi ch MddﬁmrcEBmmeMMﬁflﬁmrﬁng 13125)25@21518I'(é0@73affol d 104. In some

? LT‘;)SS:JLTE{I LZBrody andaHanglt% qllegrgecli) Ma?esr I{eeé\(ﬁlg (pjl fotiiater. §3: ijé 15 %d,]sluousl y
20 Gemmiti CV and Guldberg RE, Tissue Eng. 12:469-79 (2006).
Graziano A et al., PLoS ONE 2(6):e496 (2007).
Hillsley MV and Frangos JA, Biotechnol. Bioeng. 43:573-581 (1994).
Itoh S et al., Calcif. Tissue Int. 78:133-42 (2006).
Ma PX and Elisseeff J, ed. Scaffolding in Tissue Engineering, CRC, ISBN
25 1574445219 (2005).
Manwaring ME et al., Biomaterials 22:3155-3168 (2001).
Manwaring ME et al., Biomaterials 25:3631-3638 (2004).
Mercier et al., Biomaterials 26:1945-1952 (2005).
Mikos AG et al., J. Biomed. Mater. Res. 27:183-189 (2004).
30 Nakamura M et al., J. Biomed. Mater. Res. A 79:627-34 (2006).
Nakamura M et al., J. Biomed. Mater. Res. N Appl. Biomater. 82:29-36 (2007).
Nakamura S ef al. J. Mater. Sci. Mater. Med. 20:99-103 (2009).
Norman JJ and Desai TA, Ann Biomed Eng 34:89-101 (2006).
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scaffolds 104 and 304 rather than being distributed in some uniformfashion
thereby creating a reduced pressure gradient. For exanple, the reduced
pressure we 200078k vered uniformy via a single point Powuse090697¢7 a a
plurality of inlets along a linear flow passage, or through a substantially
honbgeneous distribution manifold. In sone enbodi nents, the reduced
pressure grragiifitei Moardi BigRdd P,/Biaxl9. Mead! Bil.|Res. 36:$62M1036UQ083)L N magni t ude,

or discontinuous over tinme. Consequent|y, .t he,reduc#e?(g pressure. gradients

may occur tSekaugh oM Tsuabnspeats: EngugaingPrinciplpetor thesDesgn ¢hht e of change

of any variab ' Y AN J trd essure

i ncl uéi ng, w #ﬁ%ﬁ%%ﬁn%@tr%a&g%ﬁ&ﬁﬁn %%Sbg?iggg?%%ﬁe(ﬂ? g[zﬁ? ﬁm@{)gr adi ent s,

el ectri cal Qekids Enind ,Czeamnakd iT, Ryraléibrind Mailfe28-4¢@(20§8ndi ents, or positive
pressure gradients. The manifolds 11 nd 8 and f 104 and 304
may be defsisﬁ’_%’élhtsc?f @l st QI%F%W%ﬁeé%t: 2@&?8119%"55 8%%6333&&2‘#@; _

characteri ?h![irﬁgo ﬂ%%lec{l i Borh&d ﬁa@-Re%B@%?;p?BiJn%tele?S%L@l (2obsyreni fol ds 118

and 318 an scaffolds 104 and 304 may distribute reduced pressure
gr adi ent s &raftAlshibK and famanelkad$ . c0dlb126s 667 diod30@®. by t he arrows 121 and 321,

respectively, descri bzg. I re detail and as further described in
U.S. Provi i eftle Eigpe 8?3%&@%1{ 142,053 and 61/142, 065, which are
her eby i ncorpaTRted. BiodiRhEBRPAR RIS Corhin 309 £5R 1480088 f 0l ds 104 and 304
draw fluid radially fromthe intranedull a&gﬁ)space 336 of the bone 107 (not

sHéwn) t hr dVgishRei ¢l ,rasspe Engvel :1085n @M4A0)s as represented by the arrows

121 and 321.in.respons . the reduc ressur [ i i, but in a
di sconti nuot§® &@ﬂ?oﬂp.ﬁéﬁgpﬁ?@a%aﬁﬁﬁ? ql%t%egirlgﬂr@%{egggsﬁ%?ﬂ irssue growt h
and/ or ti ssueARgRtdtidds inNefobiddBndlBE OIS, Milthasyd t ISBN 04588860p3-052005).

invention provide a neans for active guidance of tissue regeneration

t hr ough t hGhBatant Rublisatigrf WQ$/00385hnd 304 or within a conpronised site,
such as V\Dlt[‘t(:‘lr J qﬂ&@ ) bonal recovery utilizing these physi cal
quantity gradi %%?rsltl;‘%sheétgc , iese%?rg‘t hods and systens provide an active

maghani sm [BCTVRiteht PublicatsrdWOIME6EHogenous deposition of proteins and
organi zation _of the provisignal nmatrix wth biochem cal and physical cues
to direct d&FT Bpignt RuehlisationW I/ B105P%e scaffol ds 104 and 304 or tissue

space W thi . V{(ﬁ%@d ferences Anderson EJ et al, Ti e
" Z%gggtfw{c;&%der son El\?BF > ; 525..

Eng. 13:25 and Tate MK, Tissue Eng. 13:2525-2538
(2007) . 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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PX and Elisseeff J, ed. Scaffolding in Tissue Engineering, CRC, |SBN
1574448241 81l (20©bJontdibedrarthe gbdvie description Bhé SIvat inths adbdinphPing 48MviAg001) .
Nhnmariﬂﬁ MVE et al Biqgg%enials 25:3631- 3638 (2004). Mercier et al,

Bi ormt SPHLpesinGEpretedas ilisstrativepnshnot i a Bmities spseal . J. Bi oned. Mater. Res.
27:183-189 (2004). Nakanura Met al , J. Bioned. Mater. Res. A 79:627-34
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Ti ssue Engi neering: Engineering Principles for the Design of Replacenent
Organs and Ti ssues, Oxford I SBN 019514130X (2004). Sachlos E and Czernuzka
JT, Eur. Cells and Mat 5:29-40 (2003). Segvich S et al, J . Bioned Mater
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PCT Patent Publication WX07/106594. PCT Patent Publication WO07/196590. PCT
Pat ent Publication W008/091521. U.S. Patent Publication US 2003/ 0225347.

U. S. Pat ewd 2Pwinl78338t i on US 2008/ 0033324. U. S. Pat ent Pulpcirasteonsdssr

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. U S. Patent 7,160,553. U S. Patent
7,384,786. [0044] Al references ci¢edIMs this specification are hereby
incorpg\%eat ed by reference. The discussion of the references herein is

i nt end¥f MBIy to sunmarize the assertions made by the authors and no

adm ssion is made that any reference constitutes prior art. Applicants

reserverhife. ri ghly orerhiak ke L sgse %%%é@ﬁé?é{te%q Epﬂ{%%?ﬁtg{n the cited

references. [0045] "In view o above, 1t Wl be séen t he several
advant agewmpfismge i nvention are achi eved and ot her advantages attained. As

vari ous changes d, b e Ln the above, net hods an onposi tions. w t hout
dep%rti ng frgﬁf?aﬁéﬁji%%ﬁgedg? %f‘ (sPPfdadiacent the tissug S}%{l@ﬂ@j}#ﬂﬁiygw&ﬁ%{q er
contained in the aheupddesel bitht Manihal f51Q¥AVInG HIQR BECRBRARYI NG dr awi ngs

shall be interpreted as illustrative and not in alimting sense. CLAIMN5S W
clai m d ai m aVvalge sdapteshiorbsrconpled to thg bldaslsuesschandicaritodlable dietvecen an aperanmal |,

the system conprisjng.: . a scafifol.d adapted tq be di spos adj acent the

tissue site and tob (E%ru% Wt %llo%egtPrS)F@aB&%rrgg@?tg%t%i@gve‘%qh‘? g{‘)ﬂg | for

recei ving bl ood t hbloed vedstl tdAke &affaldye adapted to be coupled to the bl ood
rol | abl e between an open position and a cl osed position for

vessel and con% | |
r egfhl ating t hwheremghevalypallows the Heasotilesw Hrmabe bloed wpssebintnthe seadfold| d;
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,

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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wherein the valve allows the blood to flow fromthe bl ood vessel into the
scaffold when in the open position and prevents the blood fromflowng into
t he scaf fwbdowhgssssn t he cl osed position. Caim2. The systwmoiecebai m 1,
further conprising a catheter fluidly coupling the blood vessel to the
scaffold. Cdaim3. The systemof claim?2, wherein the valve is coupled to
the bl Qdmvi@ssel Thasgystea bl ylainy 1 pofarther comiplsag 4 edided passtretsgstem@adlin 4. The

systemof claiml, wherein the system fyrther conprisgs .a gradient inlet
that provioyRlsdip éﬁé@@& ferprovidingaedyge .pr@ﬁlaﬁmgi.%w@déyst em of claim 4,
wherein the gradient inlet is a reduced pressure inlet. Caim6. The system

of cl aip@ik 1wher @ Y ' ROSTSEpatien@the®yitemnal
sti mul Egg.lﬂ%llai m %ég]‘?'trﬁglefgygcgﬁa%y%?ﬁmoﬁggﬁérde%ﬁﬁfﬁe ext earlngl’ set ?rrtul us is

at | east comprisingpr essure, el ectrical, nechanical, and chem cal stinulation.

Claim 8. The syst 0 Laim 6, furt.her conprising a port for applying the
ext®rnal sti nﬁ%ﬁ?sfﬁ)%éﬁp?ﬁbge %?ng]@?@%?nato egl};’)séﬁeﬁ*tg?or\ﬁﬁ(&lgﬁnﬁ atsﬁélc@%ler nal
stinmulus is positi ¥RuPf R W Goidéithd Bssubhddsufth@mdaptable dbibelng fluidtyher
conprising a reduced pressure systemfluidly coupled to the scaffold for

provi di ng a reducegoypledsortloedvesse of thefiatient; Cl aim 11. A system for
ot 10 GRS LN B TP b6 e PR e R

conprising: a sca e Tor Ion a iI'ssu for

provi ding a struct tHedlowsf blo¥d from the 8lapdowsdel oftht beaffoidisue, and further
adapt abl e for beinq fluidly coupled to a blood vessel of the patient; a
val@e cont r ol paprEollssepmably sauplsd i the yaive do varmdhavalyeRewepnderpen f or

regulating the flo : . bl.ood vessel to the scaffold; and a
control |l er operabl 053{%%‘% ed ?fgfolgﬁae%\}gtf(g{é to vary the val ve between the open
posi ti on and whereir the evdlvpaibtvs die; blodtetociow from thabloedakebselhintd the sbaffudd t o
flow fromthe bl ood vess%l 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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when in the open position and prevents the blood fromflowng into the
scaffold when in the closed position. Caim21l2. The systemof claim11,
wher ei n twe 29alo7e3sss coupl ed to the bl ood vessel and furChars:@onpyeses a
conpressi on nenber adapted to press against the bl ood vessel when the val ve
is varied fromthe open position to the closed position such that blood is
restri Clag If7r om Thewystan bhelaing b tfogtheradowprisidgai souicd of Tdimcsd/priesswafluidlyai m
11, further conprising . a blood supply conduit adapted to fluidly couple the
bl ood vesgapled & théc%t%‘ﬁfotBF dourGeh el Eve tPéeS%‘F\ﬂépﬁﬁgm&é CE‘EJP’EGSS‘F%E) t&sood
suppl y cqugiliti 1o ﬁa@“ﬁb%‘fbodﬁﬁﬁu@ﬂﬁﬁ%@éldpl aim 13, wherein the valve further
conpri ses a conpression nenber adapted to press against the blood supply
conduit when the valve is in the closed position such that blood is

restri Clan 18 om Thosystan ohcloiny 7 tfagheraomprisidiga qanissr fnkdly squnledvoghe ¢l ai m

13, . wherei n..t.he bl ood, suppl ondui.t is a catheter. ai T st em of
claim 11,5 fé‘?@h‘@ﬁer@&ﬂh? F‘gﬁﬁ%"%"%‘?gé’F‘?Sé‘érﬁdeaong‘?‘F H"S?S&%m&lfg%frﬁég?? | G y
coupl e thesepe@ffold to the bl ood vessel . aim 17. The system of claim 11,
further conprising a source of reduced pressure fluidly coupled to the
scaffol d, the source of reduced pressure supplying reduced pressure to the
scaf f oClpimol %dr awThesysigre 6 cleim élgibergia ﬂ?ﬁ:%ﬁa?fgldgfmgﬁ"réiom%.es $FHeMN&t em of

claim17, oftéfﬁitapﬁ{d ﬁl?f;épérsiaglﬁj%g%tqo?m%ﬁggit ‘luidly coupled to the scaffold,

wherei n the source 0 e pressure draws the blood fromthe scaffold to
the reservoir. Caim19. The systemof claim1ll, wherein the scaffold

f urt heCldiot) i sed mtthed ot trgatinpttsstd iala madmal) thiamnethod dpapasing applying thé ssue
site. Caim?20. A nethod of treating tissue.in.a mrel., the net hod

cobbri si nysEPRLAR ]tWetgg Eid‘Fa ?ﬁsl‘?ﬁ%e‘%qﬁ%tr%r 1%1{1§siuﬁ' a manner
sufficient to treat the tissue. Caim2 1. The nethod of claim 20, wherein
the valygm 8. opengd nthd ¥ fReAm 100 Whelell the VaReSE dhdnell dnd BRYE ifldGrsantbithy ous
clot to formin the scaffold. daim22. The nethod of claim 20, wherein the
syst em f uceffield, cosipgiaddyous Jotddiferm in the eeaffohdt provi des a gradient to the
scaffol d.

Claim 22. The method of claim 20, wherein the system further comprises a gradient inlet

that provides a gradient to the scaffold.

15  Claim 23. A scaffold suitable for implantation into a bone defect or fracture, the scaffold
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.

20  Claim 24. The scaffold of claim 23, further comprising a gradient inlet that provides a
gradient to the scaffold.

Claim 25. The scaffold of claim 24, wherein the gradient inlet is a reduced pressure inlet.
Claim 26. The scaffold of claim 23, wherein the charged surface is induced by electric
polarization.

25  Claim 27. The scaffold of claim 23, wherein the charged surface is induced by surface

treatment.
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Claim23. A scaffold suitable for inplantation into a bone defect or
fracture, the scaffold conprising a charged surface adapted to have a

st ream ngwpevsnt7gszs, wherein, when inplanted in a bone defrastoosmbeetrol ytic
fluids conmprising blood or interstitial fluids fromtissue adjacent to the
scaffold are drawn across the charged surface of the scaffold by the

st r eaniCigmp2R. ent iThk scaffcdd of Adim Thewlstcih fled chacfedchiethen i2 Begdtivelyhvbargednpr i si ng
a gradient inlet that provides a gradient to the scaffold. Caim25. The

scaffol 4 .of,, cl ai m 24 rein t radient inlet . is a ced pressure
het a7 6. Taf scagklf pEoiain o5 oftieroin 3% supfles of e st BrBen bt i s
i nduced hynedwgifsi ¢ pol arization. O aim27. The scaffold of claim 23,
wherein the charged surface is induced by surface treatnent.C aim28. The
scaffold of claim 23, wherein the charged surface is negatively charged.

d ai m £8inmHe scdhe seadfodd ot¢lainn? % 3vheydie thei qoncavs pitgrafeaate 129 wrhis depthfaind| d
further conpti cave pits. Caim30. The scaffold of claim?29, wherein
thegconcg){\?gwpprt%gﬁg(ré@ﬂlo- 120 mmin depth and 3-100 mmin depth. Caim 31.
The scaffold of claim 23, wherein the scaffold conprises hydroxyapatite or
pol yl a€lldine31c 0- glTYie sdaffbdd §RL&A) 23, Gitriein 8. scdiieldsoaiphiotchydkoxghpitite 88,
wherein the scaffold further conprises a cell COaim33. The scaffold of
claim32,P %‘P@F'ﬁof e IPLEAIn osteobl ast or a stemcell. Caim34. The
scaffold of claim23, wherein the scaffold further conprises a bioactive

agent . CfliAi P, 35. TROSea¥ol] 60LisinP33 %}ﬁ&&?égé,s% &H%%{&gmg%@&%ée‘ﬂe agent is a

growth factor or an antibiotic. Claim e scC claim 34, wherein
t he bioactive agent is growh hornmone (GH), a bone norphogenetic protein

( BVWP) , ClaimrdSt or mlheseitiold of ¢laiot 32, vehetelGrheae]l iT@Fostegblast bf dstemml callt gr owt h
factor (FGF), granul ocyte-colony stimulating factor (G CSF),
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agent.

Claim 35. The scaffold of claim 34, wherein the bioactive agent is a growth factor or an

antibiotic.

Claim 36. The scaffold of claim 34, wherein the bioactive agent is growth hormone (GH),
15 a bone morphogenetic protein (BMP), transforming growth factor-o. (TGF-o), 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
20 interleukin, tumor necrosis factor-a (TNF-a) or nerve growth factor (NGF).

Claim 37. A method of treating a bone having a defect or fracture, the method comprising

implanting the scaffold of claim 23 into the defect or fracture.

Claim 38. The method of claim 26, wherein the scaffold further comprises a gradient inlet
that provides a gradient to the scaffold, and the gradient is applied to the scaffold through
25 the inlet.

Claim 39. The method of claim 38, wherein the gradient inlet is a reduced pressure inlet.
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(EGF), platelet derived growh factor (PDGF), insulin-like growh factor

(I1GF), vascul ar endothelial growh factor (VEGF), hepatocyte growth

f act or/ somptero/dresssor (HG/ SF), an interleukin, tunor necras:e9/069727

factor-a(TNF-a) or nerve growth factor (NG-). Caim37. A method of

treating a bone having a defect or fracture, the nmethod conprising

i npl an€Claig 40he sAafidtbddlofxhodifdhgn Gffold that isesudafle for iowplantaion imte .a bOhai m 38.

The nethod_ of claim 26, erein the scaffold further conpri a di ent
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to the scaffold through the inlet. Cdaim39. The nmethod of claim 38,

wher ei p14i@ 19" adTEMneihidl S clafin 30! RHMERGhPEIRSSFs endutk @ by Sledir® pblrizAtisret hod

of nodifying a scaffold that is suitable for inplantation into a bone

defect or fracture, the nethod conprising inducing a charge onto a surface

of theChmfol d. Ths arqthod of clammettywheisin B chrgp iy mducaghhyr wrface irat@malr ge i s

i nduced by electric polarization. Caim42. The nmethod of claim40, wherein

t he; ch hS i n . ' . | ai m
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of the scaffold.
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