TI SSUE ROLL SCAFFOLDS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to U.S. Provisional Application Nos. 61/142, 053
and 61/ 1420060y076meh fil ed on Decenber 31, 2008. This applriusativosnias so
claims priority to U.S. Provisional Application No. 61/234,692, filed on
August 18, 2009 and U.S. ProvIEBSIfAaRORDISCARFOhDNo. 61/ 238, 770, filed on
Septenber 1, 2009. Each of the foregoing applications is incorporated
herein by reference in their entirety. BACKGROUND 1. Field of the Invention

[0002] The present gh$S-NEMRERICE $© NRPAALD AFHLICAPHSNSNYI neering and
in particular to apparatuses and systens suitable for use as scaffolds in
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i ncluding faster healing and increased formation of granulation tissue.
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been particularly successful in treating wounds. This treatment (frequently referred to in the
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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, e.g., WO08/091521,
W007/092397, WO07/196590, WO07/106594. The adequacy of current scaffolds can be
evaluated in light of knowledge of wound healing. Injury to body tissues results in a wound

30 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 regards to the early phases of the

wound healing process. However, the stages of healing for various tissues begin to diverge as
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cyt oki negddigsrmanedmplaitionsduexd dhaipdtentlah irdmuhspenititgras taelli agnifficultioeinpor ous
scaffold. As such, the colonization of endogenous cells into the scaffold

is |15 t mgingginipgeelyvigblitte away from vascul ar el ements, whi ch provide
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t i sses. pakize prfbseoftendogennts protamnsy vy tdkines grdwibyiscterssardgelipRyo the interstitium
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 also
elicit an immunogenic or foreign body response that leads to an elongated repair process and
25  formation of a fibrous capsule around the implant. Taken together, these complications can all
lead to less than functional tissue regeneration at the implantation or injury site.

[0007] It would therefore be advantageous to provide additional systems for the repair

and remodeling of specialized tissues. The present invention provides such systems.



[ 0008] The systens, apparatuses, and nethods of the illustrative
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20  cylindrical shape having two end surfaces, and positioning the scaffold within the cavity of the
wound to provide reduced pressure to the wound. The method further comprises positioning a
manifold in fluid communication with the scaffold to provide reduced pressure to the scaffold
lamina and the wound, and then covering the scaffold and the manifold within the wound with
a substantially impermeable material to maintain the reduced pressure within the wound when

25  provided by the manifold. Reduced pressure may likewise be maintained within the wound by
closure of the soft tissues and skin over the wound or application site.

[0010] Other objects, features, and advantages of the illustrative embodiments will

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



mani fold; [0012] FIG IBis a cross-section of the conposite scaffold taken
on the line IB- IBin FIG IA [0013] FIG 2 is a schematic cross-section
of a secowd idwsigwati ve enbodi ment of a system for treatirng26996dyG81t aneous
wound on a patient including a conposite scaffold and a si de-nounted

mani fol d; [0014] FI G 3BRIEX BESERAPTEONSF JFEE DRAWING of the conposite

scaffold and i nted,mani.fol d o 1 FILG. 4 is a
schemt | o cr ol WAEERFORY By enpRRicSoR Ferpnots B A uRhe e Ry feaem o
treati ngsgstehl fdracatindy Bk AR voudd tonel YatieftGheldiling adofpariesichfforiGatifagidé-and an
endnount ed manlfol d; [0016] FIG 5 is a schematic cross-section of a fourth

i | | ust r afpoyated msifoldent of a system for treating a subcutaneous would on a
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FI G is as perspective view, e scat t he
endnmount €8Gnexyi fold of FIGS. 4 and 5; and [0018] FIG 7 |s a schemati C view
of a fluid contr stemfor the system shown in, Fl GS. DEAILED
DESCRI PTI ON [8@3] FI¢k 4 e sehrmes (H@SSCP@F%(PI} AP e li“BFtF%We %9 fment of a
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that forma part hereo These e S are In sufficlent
det ai | t sidemabingedtthasfléki |l ed in the art to practice the invention, and it

i s under st ood odi rent s be ut i zed an | o |caI
strullon o b PR A LR Persudta Ve Riwh Chine cAIRGRL weagoue idibide-
wi t hout depafedinmifol OO RIS, $RhaDt or scope of the invention. To avoid
detail not necessar\éato enabl e those skilled in the art to practice the
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ther f or &b for e sadade ouion o i pufold PPl Lafi R dphice
illust ramouﬁteemm%mgnts are defined only by the appended cI ains. [0020]

The term "reduced gressure as used herein fgenerally refers to a pressure
| essl?han t he [MHB] EHe- Hisassherpatip crassrsestiqpeots fourth piistragvarembeylimgnj @t ed t o

treat mamsys’te!nrl1 fdﬂ?e%tlﬁé‘é §bcutaneous would on a patient including a composite scaffold and an
end-mounted manifold;
[0017] FIG. 6 is a schematic, perspective view, of the composite scaffold and the end-
mounted manifold of FIGS. 4 and 5; and
20 [0018] FIG. 7 is a schematic view of a fluid control system for the system shown in

FIGS. 1A and 4.



this reduced pressure will be | ess than the atnospheric pressure at which
the patient is located. Alternatively, the reduced pressure may be | ess

t han a hyNP38tABEIpressure associated with tissue at t RETUSIHIHKIIE e,

Al t hough the ternms "vacuunt and "negative pressure” nmay be used to describe
the pressure applied to the tDISUAIIEDDESCRIBEYAMI pressure applied to the
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w tha conpl et e e St o U RERERYS SRRl R85 Pou
in the ake@mdefo tHeactdBsarsirg drewings tHah forhyslpashati Theasatblipenyatt t he
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i ncrease. i n absql ute, pressure. [0021] Referring.to .FIGS. |A and I B, a first
i 11 ust r dRYOBnHSdivRicHReIt Nt W&%ﬁ%_@&%ﬁ@@iﬁ# secgpilein fosorrt WrPrage g
reduced QRRRBMESSs Bbschibbd B&bf, fHeldsdribtibh Syt Odrtadn RESEMon kAo Wk BRMHosE
defect. As used herein the term"defect" rfefers to a tissue site in need of
ti ssue rskikidrindle dtl Khafplloming dstailedldescriphion dis ther¢foreaypotie ba talsunin a dingtingis a

| aceration, an,jncisio a..purn.or an .ul cer. ef ect al so n

| nuitba Bk a0 L SoRotehE S GrerBb et tre QeficeESmy PR tasrgRdiS fhims.

ot herwi se heajohhy] TheSEHE “fe@hcddReRufP @S @SedHerdit Igkhdbil} REert tSSpRsdRe kss Such
as in cosnetic surgery). Exanpl'es of tissue sites that may be bul ked by

i npl ant athawthegmbagnt ppgsavra nis tisssle sitelthaistbsingtrabieated e freaimicnt | lndeost pases.ar e

not limted the br ; t Kk neck. fac ; i hi n
or chee ktg‘)s re{l—‘%? d ;(eg%r‘e gﬁﬁlﬁ &Sg%gﬁ%ipogggeﬁ?ciggsg%gﬁ%%{% © R%t\lk;eﬁlﬁgs lg‘?\me(f
openi ng Aherhixgvetyithieretucediféssevetrandbalgsd thiup a hpérogatiopssibagbeiafedrnithng a
cavity. The surface wound may extend to different depths including into the
subclit anésuatthe dsue siet ARG the ras varaume apil snegarve REPRYE | HEY g%usffi@ 2,
a reduceg:pr 1S j ot | fis The
nound | re e g B e O L e P g i Ay T
t he epi dersigmfidddiyandre nishinthe presoughotnedlydesotiaed @dh arcbmpleteceadutizpn. wi t hi n t he

subcut aneops tissue 208. T reduced- pressure syst 200 i s otherw se
SUbst ant Ry BRI ey ALY REETRC L BSL Y Be S OE Mt B ASHE, ~as
such, ut ﬁ}l&rgst%agtictzr%@ssﬁ&%oﬁrﬁftﬁé E%E s{lg H@fr%&&fyﬁﬁfhebﬁ’ed':ﬂe@ucea Pr&SureN@e $RWE

conmponent’s. 0 Referring bac w th reference to.F1 G 2 as
wel 120 t hmay shsiledanst ths seduecd pressane s0Rercmaptiinds Unlehs oflwirwiye astienits, yalugo

ositioned over the surface wound 102 apd. . .
P ofd pressure sttated Retein e gauge pressures.a&mlﬁarly, references to increases in reduced

pressure typically refer to a decrease in absolute pressure, while decreases in reduced pressure
typically refer to an increase in absolute pressure.
[0021] Referring to FIGS. 1A and 1B, a first illustrative embodiment of a reduced-

25  pressure system 100 for applying reduced pressure at a tissue site in the body of a patient to
repair a defect. As used herein the term “defect” refers to a tissue site in need of tissue repair
or bulking. For example, the defect may be a wound such as a laceration, an incision, a burn
or an ulcer. A defect may also be an induced defect such as an incision or puncture made by a
surgeon in otherwise healthy tissue for the purposes of bulking the tissue (e.g., such as in

30 cosmetic surgery). Examples of tissue sites that may be bulked by implantation of an
apparatus according to the invention include, but are not limited to, the breasts, buttocks, neck
and face (e.g., the lips, chin or cheeks). For example, FIG. 1A shows a surface wound 102

having an opening in the epidermis 104 extending into the dermis 106 and forming a cavity.
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reduced- pressure source 112 for providing a reduced pressure to the
dressing assenbly 110. The system 100 further conprises a canister 114
havi ng a Wol20sv078339t shown) contai ned within the cani st @CTAB400064718 S
coupled in fluid comruni cation with the reduced-pressure source 112 via a
condui t Thésurfee woand stagrextebd to diffeksw depths ingludingointothe saticutmeausttissueh@ot

reduced pressure dressin O.via.a S nd conduiit 118 and a ndui t
connect ognoﬂg gel?ﬂ"et & 3%‘@? ée‘&ﬁﬁ °FRRe tﬁgﬁé il %eau9e8§§ PIPBIe SYSigh @@I 1 é?ﬂvfrb n
member, {thhhdthél exampltobfth RIUHRIER WAhdah FEG. 1 [sW SScut@Eue dolh® 01 Bfving
surface wound 102. In one enbodi nent, the canister 114 and the

r educed- it wsisional epeningan theenidesmint Moxaending thrazigh the degings H$ustoracayity uct ur e.
[ 002 . reji.n, t t "caupledy includes dinget coupling or
i ot Ve Aebleleqls R A0R, g R S e DB o i, onpasses

two or naibstaBRAIBMIRiIhStotthatedatdl-proshutd ¥iStem o KIG. 0nad Rt futiliyesvhé sdige Of
each of the conponents being forned fromthe sane piece of material. AlSso,
the ter mefesugsimeralaysedinbidel Endbg same comnongitscal , thermal, or electrical

coupling. Fluj ' t el LS, d 0 ' ' ]
dengna?ed paP@§5§$9¢§§§¥?§§§?FF%?Q%PE#ﬁ%fh§3§2?§gg§§§§§§?$9§%%@¢ﬂ¥%ﬂ§$
conpr i sesystendi &l ednprisenn drssing atsdmbR01 Hapiteced ovérahpasatidce ovomdd 402 tidea

openj ng of the surface wo 102, . .and a drape 122 adapted.to cover e
di st W butHBeFARIRTSHER Suiesg Bdors ke S el S‘}eeﬁrsﬁﬁ;&ﬁsw ¥ 1515-ape
122 wi t hirpe %‘@?err?f’o'(} Furthef %oﬁﬂér‘is%% cRsBd] OvinteH GRS shédm) BsltHESwRRin

aperture 124 through whi he conduit connector 119 extends to provide
fluid cotheennistat i bhthbeisweepled freflisid comthunasation twithiBe sddcadrpresiiust soubagtil@n

mani fold 120. Th e 122 al.so.includes.a peripher rtion 126 that

ext ends HasnadEhb{t ek it 419 sl B §oBrunatet R che Giusid Prem e a

i ncl udesdRBsiRd BBV @ seondVdd e 1 PO a ¢dHabit SHAMRIor 1199 S TR EMidthrel 1A ABEbel 22
to the healthy tissue adjacent the opening of the surface wound 102." I n one

e rrblobﬁb mefluidihgereeih os colection preseher.dn filtarohalg exudatesmangd ofwr dyisld remoyedovi de a
' i 5,104 12 i '
o essur el ARRRE ML i oR il e et PP L RediBgHERG e o,

(not showgwycesuChr@tedrated éxaaBingle loulingdrsagehredr ot her material, may be
di sposed between_the drape 122 and the epiderm s 104 to_augnment or

substitute fol002ReAssssd h%elbﬂaﬁéqm ‘squpled m_élué@m@igq%_@qup[ﬁ@e%sjndm%t drape 122
e 0 IR ity 14 S RIS D UL AP e T, 12
mat €20 al that are continuous with one another by virtue of each of the components being 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 with the
designated parts or locations.
[0024] The dressing assembly 110 further comprises a distribution manifold 120
25  adapted to be positioned at the opening of the surface wound 102, and a drape 122 adapted to
cover the distribution manifold 120 to maintain reduced pressure beneath the drape 122 within
the cavity of surface wound 102. The drape 122 includes an aperture 124 through which the
conduit connector 119 extends to provide fluid communication between the second conduit
118 and the distribution manifold 120. The drape 122 also includes a periphery portion 126
30  that extends beyond the perimeter of the opening of the surface wound 102 that includes an
adhesive or bonding agent (not shown) to secure the drape 122 to the healthy tissue adjacent

the opening of the surface wound 102. In one embodiment, the adhesive disposed on the

drape 122 may be used to provide a seal between the epidermis 104 and the drape 122 to
6



"El astomeri c" neans having the properties of an el astoner, and generally
refers to a polyneric material that has rubber-Ilike properties. Mre

speci fi caWPRO10Mi8M9e| ast oners have el ongation rates greZCEUSEHAMTBO% and a
significant anmount of resilience. The resilience of a material refers to
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ponuretﬁHﬁ@VeEVA film co-polyester, and silicones. Specific exanples of
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Drape (tm, I C dra e suc e aval very nn| son, or an
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fluid co FHPmeHs gneals MRV dheRISPFGRHO T ?%?m%fpf)‘llci/é ]éfd" Esotoﬁrpé) ¥to
the cavi Ly ﬁ'él thhena3 ?ﬁﬁb’é? ﬁk@?k@@ﬂﬂe@zwg speRifRiafY, H6st 3la3tontéed BV eldigation

pronoting the gromh of tis hin the cavity of the surface wound 102.
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cavi wal.ls of th un 12be| ted \Wh

cont 1 oregess e et A HOTyes M oot Blio e B S 0B oS
conposi t ¢ GRhdde! ButhdDndaimiRad tb] ﬁdtwl ﬁbbérb” patyiboprénd, B§roneibatadient hgbbetlr f ace
wound 102.  The corrp05|te scaffol d may be any size, shape, or thi ckness

dependi nehlotepeeng ambb@r,wabufaaimn@r @tnlg ud?beésbut}'ﬂl subbgp sthyfenernsensienstrublarng
| mpl errent gdlﬁgé %oggle{r{g g dhE maon ﬁ}é)? su fh ﬁ at&E i)%l%’&h@%{lé g)n leﬁfd?‘fﬁ?o&)\@gund 102.

[ 0027] YV e mani 20 is a

f oam mat pdilyaﬂet}iah@tE\dA iﬁllrlhl &ub61$e§tadwfcﬁﬁllwm§ sSpezificedantpl@uidegictrratedas f ol d
130 and the cavity of the surface yound 102 when the di strl bhuti on _mani f ol d

120 1% | HICB@maé&tcom fhr@p@ﬁMJ&gad%@ deapso¥iA-&- SERrars Y agylic iage pecdias one
mat eri al \%Ei-‘éblg?ro r%Agglrlylﬁy&q%hgpdrndn%g%@%géophl lic. In one nonlimting

exanpl e, on nani an open-cell, reticul ated
pol yur et hane [0826) $hedressingxiseamblyalO(fujthatrceatprises avanpasiie ecaffobdi 30 net i ¢

07 ot 1 buRRAPTISARGR e £aBY o Shee Mo S0P APPIEIARLig P the tmanifold
thedi strifyfd ??% P’%@'r&ﬂic@d g?ég Bk Ptk QQ@E}’ 6’f[tﬁe b Gouhb Uod aadvay Zplfo{/fa@‘at he

conposite sca 130 an e cavity of the surface wound 10
cont 2Gui stoactare ﬁquxbmmimgﬁluwwhrdmwmmnttlkﬁecaanyrpﬁﬁletsgrfa%‘fvﬁmchwﬂsﬁ hgs a

mani f ol dcor;ll-lg]oes1t\émsgalﬁo|ﬂ9 13 r%%? l’bte pgﬁlaﬂgf o} Eﬁlydln Séglgtaauvhﬂ?&er{:g\r}llt; waﬂs otztge surface
wound 102 being treated. When the composite scaffold 130 is in contact with the walls of the
surface wound 102, the composite scaffold 130 may partially or fully fill the void of the
surface wound 102. The composite scaffold 130 may be any size, shape, or thickness
25  depending on a variety of factors, such as the type of treatment being implemented or the
nature and size of the cavity of the surface wound 102.

[0027] In one illustrative embodiment, the distribution manifold 120 is a foam material
that distributes reduced pressure to the composite scaffold 130 and the cavity of the surface
wound 102 when the distribution manifold 120 is in contact with or near the composite

30  scaffold 130. The foam material may be either hydrophobic or hydrophilic. In one non-
limiting example, the distribution manifold 120 is an open-cell, reticulated polyurethane foam
such as GranuFoam® dressing available from Kinetic Concepts, Inc. of San Antonio, Texas.

In the example in which the distribution manifold 120 is made from a hydrophilic material, the
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draw fluid away fromthe cavity of the surface wound 102 by capillary flow
or other w cking nechani sns. An exanple of a hydrophilic foamis a

pol yvi nylwel2ew58349open- cel | foam such as V. A C. Wi t eFBEF{USPO006T3S ng

avai l abl e from Kinetic Concepts, Inc. of San Antonio, Texas. O her

hydr ophi dipteibpisemmanisgld il 3¢ plse éuIICﬁ@B%tOrm@lé ﬂﬂrcbwqmﬁrcgmttmommsﬁ@ peafiolthH3Q hat

may exhi o] have
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of the condujt_ connector 119 positioned between the drape 122 and .t he

epi der mi ¥awdhudapanirem;they C%ﬁmf ithe sigce wepRd { Qbypeapil ﬂ?éy ﬂP&’eré’ﬂi&% Miskapg 219
and t enef e The
Feduced. el A Sl AN ot o DU RHPSKDRIEND. AR 0ehp S 520
f1uidly aoupl.@dWhicKdamtdusking avaiable ttoar Kinkfic @oacd;ime Indhiof Barc Antbnid, T24:8. The
di stribufion nifold 220 is suhstantially sim|l t di stribution

mani f ol aéti%h (depiifia foaits ppas R gR et eede o rom e Qb oras et A ' s ¢ hat
do not Myt BydasoHIRINUER ISR Bemal hEdlbpRotAOmbks Ohd A &1kckisRafl ot Bated

dr essi ng assenbl y 210. Suitable bioresorbable materials may include,

wi t hout toipmditide hystrophaligith. yneri ¢ bl end of polylactic acid (PLA) and

PoL Y Y°0L € 5 0 PGP AR TN 30 BTt R

di stri busdr@tn PENGL 1R BodtB d&ﬁﬂed‘téﬂﬂb?fosﬁ@ﬁé@b@ﬁeﬁl th6 atdpel1d2 fana tRRedidermis
cell-growth, or a scaffold material be used in conjunction with the

di st ri butQdommdrethird eorsluptsy Stwpmrmddwyéhe amgewommﬁl%a@@esmdm thereomipot ance
or strucg 8§V1§'S e%b@&hg OS0s v?ounﬁrzﬁﬁmtrﬁe fddfic r}g‘é% U eJys ﬁ{ ) OVI rmation of

t1ssue, ree-di nensi onal porous s es a

t enpl at ecdm;fnseeé Hlsgrbcuvibﬂ mahifblds320atiidle cevqﬂaabtoeme obndudtedohaédomHit9evia ehles
i ncl ude cal ci um phosphate, .collagen, PLA/ PGA coral ydrox;/h rfgatl
e

car bonat ©&d cap %%&e&é@dilwb‘wndﬂm%@ €44 ig)sybstandighiy pintidar do SEUNG 3,
the Conpﬂﬁxg?oqdﬁﬁé‘{ﬁl@ & %%Plsﬁgﬂllﬁle%‘ﬁt o LJrés% t%he%&t%ﬂ?ls %ﬁh@?o%ﬁt 4\%'&%%

exa ose tissug san er wth a stri sca

mat eri al r,emoved from 'cipfmeﬂés bady fooddd \aadf thesitesbingladselnéhty EhO 1S@ifable
respectiyvely, rn1n Ianin e 136. The |.am nate 136, ma n be rolled
into a g@ﬂ@ﬁgﬁ)ﬁ@ me%mC%pwa@tlwaﬂow ARGHE WA oF PolgS R

I nsi de t 138, and
the ot h @Aﬁﬁmgﬂy@é‘éfﬁ%‘%‘%@é@%ﬁ‘?S.T%éep? e e RS, T2 The

ext ettnal hmrtnhqmp@lymbdr&ﬂes polyfumarates, and capralactones. The distribution manifold 220
may further serve as a scaffold for new cell-growth, or a scaffold material may be used in
conjunction with the distribution manifold 220 to promote cell-growth. A scaffold is a
substance or structure used to enhance or promote the growth of cells or formation of tissue,
such as a three-dimensional porous structure that provides a template for cell growth.

25  Tllustrative examples of scaffold materials include calcium phosphate, collagen, PLA/PGA,
coral hydroxy apatites, carbonates, or processed allograft materials.

[0029] Referring to FIG. 3, the composite scaffold 130 comprises a strip of tissue such

as, for example, adipose tissue sandwiched together with a strip of scaffold material, i.e., a
tissue lamina 134 and a scaffold lamina 132, respectively, forming a laminate 136. The

30 laminate 136 may then be rolled into a generally cylindrical shape as shown with one end
portion rolled inside the composite scaffold 130, i.e., the internal end portion 138, and the
other end portion rolled outside the composite scaffold 130, i.e., the external end portion 137.

The surfaces of the scaffold lamina 132 are in fluid communication with the surfaces of the

8



The surfaces of the scaffold lamna 132 are in fluid communication with the
surfaces of thetissue |amna 134. I n one enbodi nent, the scaffold | ani na

132 is reva2dipdl7§349hi n and best suited for nmintaini ng PRETHRBIPIAY of t he
ti ssue |l am na 134 before and after being transferred to the cavities of the

wounds 16Bue pomna | 3. dnemn embediseaithnscatipkiamans 33| ioralatiteHsthiraand best

relative

soue el RitBhafod 82 videsti O g AR DoelclE il B4r b Glnsfeied

| am na 1@34hgennsesioftiee whendsd82f202d Th andther ehddimartgths seuffoldlantihaid® snd bul k
while in the caw{(l es of .the wounds 102, 20 |t houl d . be quersto d that
t he corrp‘i? tively dhigksrsp dhat 30nas enlyApRRtns th%eaﬁ%t{fy ofthe pissyedeming lofshusa
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wounds lid2readf@ inovolwine hndbulkrwiileun de @sitie st thelyainds [ 02y 207. l‘.tcshpuiddtl on with

th t h 7. [0 th
posi £ oneTER e dh PyPO T T L g et TpPeRLE HERES rufio hARds he
mani f ol doriBO apichifor tedhicbdGREIFURI FRE: t&nelﬁ\%traqstfaedqe@l@espment Ry sGavhelvith

| am na 132 as descri bed above and shown arrows 139 IGS. | A and 3.
The scaf hasivd fluidsifrom tigavisiep péthervetyings k0% al@% or ithlothes flgids s slgedibeg b¢lowe
absoybed. as the tls n the,cavi.t f t he surface wound 102 and the
tlss{f}e) | Br° H&m‘i%%‘atﬁﬁ?s YR %?S“Pdnﬁ ‘the cavity. As indicated above, the

conposi te scafohzhdwhin tﬁ%nﬂﬁ)sit@bdaﬁdld TB0Gs pO3itiSheddn &ivccavapetHeGuffhdd or
partially the fill the cavit he surface wound 102 and the subcut aneous

wound 2owour[d)t1@1qs depraibeq! @b@.‘ee, ﬂ"eemimfoiehﬂheee ﬂatdr@ntraunlﬁ?émwehthie@ﬁg%mf

t
gg)r/t ayP\ enbo Oﬁ HSmQE? # Efdéég{hbeédo B@ﬂ&@% glhggﬁle l'am n3‘3?§ﬁ@?§§t t‘%agdja?rerr%@pe
of t i ss u&affbhltlamurarlda rislpreferaldf embscﬁbgale andbassirh siill be abdoebdd ssthietidsaerima 134

e allograft, aut raft og t.tissue or beatls ener at ed
T ot CERRECTIBE T oyt BF GRd Beisthe BB R Owe i M i e E T ne
tissue | gt igealedthbood éé&ﬁ Ritd @&f’fto@dttmnhy bk %lﬁﬁtlnt%lah§‘§1zgfan3 kB i@k 1S

shaped to fit a scaf fo na 132. In certain other aspects, the tissue
| am na 1@411aibythbé‘ﬂldhﬂpmewcbf(blﬁe suafgce wpua@ |1)<i)2 adetho suhretdnsowepmm fromthe

| i poaspirate. The | ui d n bet ween t mapi f o | am na
D e et 103D T thotia lantnd L SRR LR GRimEdST het BE ol Bos t BB Tl T
in the agispes forﬁtn%ﬁa‘ﬂ%u%ﬁ SRS adlysbs%msale/wthlcentlﬁenibaairn%tg:qsta fidsGSofthe
undergoes neovascul ari zation (or revascul arization in thé case of graft
ti ssik) . tigsne fparing £34 iwrthe samg tgpé bﬁﬂssuhﬂet:gh*rqmés 2 defseie(esge ronnad) piter absl i ¢

waste pr P gsltjlg }amma 134 may be allograft, autograft, xenograft tissue or may be a tissue generated in

vitro from a population of pluripotent cells. In certain aspects, the tissue lamina 134

comprises a substantially intact slice of tissue that is shaped to fit a scaffold lamina 132. In

certain other aspects, the tissue lamina 134 may be composed of raw lipoaspirate or cells
25  separated from the lipoaspirate.

[0032] The fluid communication between the manifold lamina 132 and the tissue
lamina 134 composed of adipose tissue allows the cells in the adipose tissue to remain viable
while the introduced tissue undergoes neovascularization (or revascularization in the case of
graft tissue). In particular, fluid flow through the tissue removes metabolic waste products

30  from the tissue and draws nutrients such as oxygen from the surrounding tissue into the
introduced tissue. Thus, fluid flow not only maintains the viability of cells in the tissue lamina
134, but also promotes proliferation of the cells and bulking a tissue defect such as the surface

wound 102.



fromthe tissue and draws nutrients such as oxygen fromthe surroundi ng
tissue into the introduced tissue. Thus, fluid flow not only maintains the
vi abi i t yWOR0047839i n t he tissue | am na 134, but al so pPOFAIS2N9/069718

proliferation of the cells and bulking a tissue defect such as the surface
wound 102. [005@]33RB¢@1’Y#H§1@ K. fl aghird illgstnative embodimentrofta reducsdipoeiswent of a
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conpri seaufdaemﬁmopmheafﬁtaﬁdas ngﬁs?es&wmompbasm gs ﬁﬁéi‘ré(ﬁﬁfb geskute FI G 1
as i ndicated Eé/ the reference nunbers. Referring to FIG ourth

r educed- psess {PGingIG ér@ﬁmaﬁﬂbh@smmgcq wembast Referingte FtIG § racfourth
subcud angays. e&qr q JOHREd B & Ca{fz d;ﬁg@@oc%&%p&;w&ﬁm%zwe

reduced- press e Sys em 0 |n as | y the reference
nunber s. shblwa anrelcburrg:dnsq*xthe smecaypdr&ms i 13 md@bedQﬁemue systomt20tin FIG )2 e

I 00 and t , _oth fold d
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dressi ngs@'éﬁﬁﬁmwthé éQn@Qché%Qsterm@@&{d YR, Yesp&@BlyO e PlhaifleGhadiftids @S @
di stribution manifold 320 and a conposite scgffolg 330. [0034] The

conposi t eorspastte etadfoddo Hiesgdlm@dwressws spstena B @ 1480 camprise B@2ssnglassemblysue

wonel Cath dntthor R tup el ohe AR R dp s S TN SRk T R0 R E 536

al so hascahipdit S¢afifdlld 8301 portion 337 and an internal end portion 338 within
the conposite scaffold 330. In this enbodi nent, however, the distribution
mani fol d 320 [0934] Ghmqmwaps@qifoﬂ@%m@lsgmpmea alseaffold lamgna 332 enba tissuer nal

The bons PRt M b8 HTRHRIR 1 FERLRL frat 108400 L AR RO, O
fluidly dapeanitoaicntfie. 6.elle adlelastues36aldiHas hﬁtektbﬂial snd ;bmémm ahgt h

of the tjssue lam na 334. The scaffold |am na 332 may have a gorosmy t hat
i ncr Bas edtepalspd Povion 338 vithip therqqmposisgesaftold 330afn mlae@hqdlﬂ@n hayevergthe

r educedpg; fbHﬁ@n g@f}bl@ bW h{ﬁ'di\/ édﬁ?leﬁqmcgﬁolﬁqiﬁh{ng 1345 %fgxle gge?&’l e

scaffold amna 3 I's substantially simlar to e sca am na 132
When t hepartiopd37 bﬁths«:exfnbodntt s’ésﬁfold§3ﬁ®&hen thareat thereddet béthetsygfoldlantima 382.102,

i st 11 buTRegeg i ledind Bdies ol pibxBriscBiql cobpiriedr BSoeeshieerroy
above. | gikiah§alBRe ﬁumﬁ% th JTMENR e lahﬁﬁa STPPRI &foéﬁqgﬁmﬁla@ 3338y vl ent ed
within the cavities of the wounds 102, 202 such that the |ongitudinal axis
of t2k cpoerpsiti thet incraddfes tavagthd igside of the composite scaffold 330 to create a reduced-
pressure gradient within the composite scaffold 330. Otherwise, the scaffold lamina 332 is
substantially similar to the scaffold lamina 132. When the composite scaffold 330 is
positioned in either type of wound 102, 202, the manifold 320 is fluidly coupled to the third
conduit 218 for distributing reduced pressure to the composite scaffold 330 as described
25 above. In this embodiment, however, the composite scaffold 330 is oriented within the
cavities of the wounds 102, 202 such that the longitudinal axis of the composite scaffold 330 is
aligned generally parallel with the epidermis 104 rather than perpendicular. The structure and
orientation of this distribution manifold 320 and composite scaffold 330 may be better suited
for different types of wounds such as, for example, a surface or subcutaneous wound with an
30 incisional cut through the epidermis 104 and the dermis 106.
[0035] Referring to FIG. 7, the reduced pressure therapy systems 100, 200, 300, and

400 (collectively, the “systems”) may further comprise a pressure sensor 140 operably

connected to the second conduit 118 to measure the reduced pressure being applied to the
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aligned generally parallel with the epiderm s 104 rather than
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wounds such as, for exanple, a surface or subcutaneous wound with an
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156 positioned in the second conduit 118 between the reduced pressure
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[0036] In the embodiment illustrated in FIG. 7, the reduced-pressure source 112 is an
electrically-driven vacuum pump. In another implementation, the reduced-pressure source 112
may instead be a manually-actuated or manually-charged pump that does not require electrical

25  power. The reduced-pressure source 112 instead may be any other type of reduced pressure
pump, or alternatively a wall suction port such as those available in hospitals and other
medical facilities. The reduced-pressure source 112 may be housed within or used in
conjunction with a reduced pressure treatment unit (not shown), which may also contain
sensors, processing units, alarm indicators, memory, databases, software, display unites, and

30  user interfaces that further facilitate the application of reduced pressure treatment to the
wounds. In one example, a sensor or switch (not shown) may be disposed at or near the

reduced-pressure source 112 to determine a source pressure generated by the reduced-pressure
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may instead be a manual | y-actuated or manual | y-charged punp that does not
require electrical power. The reduced-pressure source 112 instead nay be
any ot herWPepw/ag34peduced pressure punp, or alternativePgTASARMI06KELEL I on
port such as those available in hospitals and other nedical facilities. The
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mani fold can transmt flow to the scaffold and tissue; in the context of
reduced trsaftaw to g seatiold andidssueyin thy epniexhobredpepdimressaretiafitdBe i on wit h

the scaffal:giq @hlgg‘etiﬂighﬁg gg@%ﬁ%iecp%{)/vrp{%ttgglée;ﬁ%ﬁﬁéﬁl qﬁ?ﬂ&%& QSLiptRGrRE | 51&1] ng

to the invention i s provi suc e 1 nvention cl osed
her €0di soidabesuseeicbadmgan dhaippentanis povided below.

[0039] As such, the invention disclosed here discloses methods and apparatuses for
controlling cellular-level based patterns of fluid flow that would allow for control of patterned
protein organization at a microscopic, nanoscopic, or mesoscopic scale amenable to provide a
structured manifold and, optionally, a scaffold material for cellular migration, differentiation,

25  and like behavior necessary for functional regeneration of tissues. In comparison to the
passive nature of the current state of the art with regards to tissue repair and regeneration, the
methods, scaffolds, manifolds, flow sources and systems disclosed herein 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 a

30  scaffold or tissue space. The present invention thus enhances current technology by exploiting
the active force of directed fluid flow, providing a framework upon which to design manifolds
and scaffolds based upon the need of the biology under the influence of fluid flow. Flow

vectors and pathways are utilized to enhance protein deposition and cellular colonization. The
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controlling cellular-level based patterns of fluid flow that would all ow
for control of patterned protein organization at a m croscopi c, nanoscopic,
or nmesoscW¥fi2e10478348 anenabl e to provide a structured naRCTAISA004460718
optionally, a scaffold material for cellular mgration, differentiation,
and | i kesyblemaprondaddieeeis areydesigned tmpronetradstabliglanent af p rovational suties . | n

i . ' : f |
Coonr s bR ifite RARRGt Sl hih roRl ik AEU s f cdbp Pl d RS or bl

mani f ol dste t6 bom@ o finrsoadldissyesdodtifmgh.scl osed herein provide an active
mechani sm by which to %r onote the endqogenous depgsition of proteins and
or gani zat i on [894QInEhus, ¢ rppasaEsesnEHOdS did sysisms disstased hergRPTpKle A &Bfang yes

to dig ech, ‘ﬁivlseLé'g?}c{}mE@&ﬂms&@%ég%rﬁionﬁh&ﬁgg%ﬂElﬁpl%tefl lsSaFHd SPR%Rn aﬁﬁ%u@o%i?es ent

i nvention thu ances currént techno y exploiting the active force
of di r ectbgaorhbtaifehdiional, requversi. diigactive rgaidance éccupahrongh ofechaishesofyn

mani f ol ds an af f ol ds _based ,upon,the. need of the biolo under .t he,

"0 uencerBRied fe (RPN G HORRL LT SACRMEICRS FEL e P0G Bimance
protei n AepAsifal BEh1aR gr&%ké; Yot QR #§iiOhe AlRHESYHUAITE nREQVIr] eslclogEal N
are designed to pronbte establishnment of a provisional matrix network with

a seanl esstrpHehBuidiflorw. f Speeificaly.Hhatetpllied Sowevecthgethat the meagifolds pretfidetad or

tissye sjite rompt e a.fungtional.tissue conti.nuum Thus. . t he
ppelti oieabet f BRERE S duteyler un RGeS SR RS sohal Pred Bidor o
active Oipecifio ERwWOPathwHBUALHIS 8 R eRite @R sdalffoRLIcHH 184t forfattamibe desosion@fd or
within a'tissue site to pronote functional recovery. This active gui dance

occurs tHpsinghsushehaeliages and fibonMvidin &g manifoldl, s¢adiRld oniisshe spese-be used to
initiateyQr LY. S : ; r . in
br oceqs, PREIMPES b3 SRIGNEsbBIRF oo, 36 BARLGRRE MR ibil6R 00,

cont r ol I agkriklcdh evokk Bveonfpetion withlthy nattdakplpaivhl aleks eftiel ppuwivieaslanariklhad t he
mani f ol ds praovide can be used to facilitate the qdi rected_influx_ of cells
and 19r ot &straseljular gafnix g gyide the sepseghend anigratiep of prdogerqusreln dyrmg e §eHi n a

tissue Sgt%%%s gfr”] géaﬁﬂ%f Hheke GRS 5&%& atf&’rrp?ﬁ %%r{ﬂeg ABRARE FoRANhE he ARHRERS anguch

as col |l ag rin within the man scaffold or tissue space.

Bi ocheni maseschresgh thencafiilding e sissugrspadetio fadlitates, coativuasigusiaboapathwiy forn t he
provi si onal |, (ix can wotk in conjunction with the natural physical cues
of the pP&MEILIHEPe IFEERTYIMd extracel lular matrix to gui de the subsequent

mgration of @UNORSMHPe LS IAMOLIE pldid HRRE ntkABRInOlechiftbliBicsTigse

cues act as a formof trac at emanates fromthe heal ti ssues an
passXs tfor spegifict Hielogicaf Hestsibasgd opon p¥saiples phfbeid tflow. dpideiteiataspestss st i nuous
gui dancein g&tﬁ)\{lvac%née%s Lhee Q}i)pzr%gcht ‘go%sol{l%drh%gl‘ienr:g? %\tzvi (8? gradient) activated tissue
engineering. In rudimentary form, this approach involves a source or generator of flow that
forms a gradient for controlled movement of either endogenous or exogenous fluids into, out
of, or through a tissue space for the organized deposition of proteins and/or spatial
25  concentration of cytokines and growth factors, with subsequent formation of a directionally
oriented provisional matrix. The tissue space being defined here includes, but is not limited
to, the region surrounding a site of tissue deficit or damage, including a wound or incision.
[0042] Fluid flow into, through, or out of the tissue space can be refined and directed
through the inclusion of additional elements to the system including manifolds and/or
30 scaffolds. The coordinated elements of the system are designed to create flow parameters,
pathways, and patterns sufficiently detailed in scale as to be able to influence and direct the

controlled adsorption of proteins, the organization of matrix, and organized colonization of

specific cell types. Individual elements of the system are as follows.
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[0041] To that end, this disclosure provides uni que manifol di ng

t echnol ogi es desi gned for specific biological needs based upon principles
of fluidwbawmo/d7s34gertai n aspects, the invention concer RETAISR@W06PS oach t o
wound healing, flow (or gradient) activated tissue engineering. In

rudi ment ary f §H043] Bhirce apenerator phlflow ddow isimdnesd into, eoughavooutof tied tisand hat

forms a gradient f controlle vengnt .of either.endggenous .or exogenous
Ul s i e b et of Rty Andl Rt g Bt ERlE e SR ot et ¢ 1 on
of pr ot ekRstridalfointiaallihate %@e@w}k bAflbR Hréfidevitlek h BeRlichn 8r JERMeB if act or s,

w th subsequent formation of a directionally oriented provisional matrix.
The ti sshetesidonpiiesye qeraservairiof eedaggaouscasxogsnpus Buidsto the placemento, t he

regi on SYLL: b j i LG . d i N und or
et o onto B ARG Slehfratt of 1S BB Letballh ol RARRS RGNS Bl 000
be refi nembadichedi, thecdoartetdf flomgdonigrizes asdursd eirediced heiskuronSlystemeamit s to the

system i ncl udi ng nmani fol ds and/ or scaffol ds. The coordi nated el enents of
the syst BPRAEHBSCYACIEHAE 19 thedrwatian Maywls9ompsisevalvesRianay of valis thalt t er ns
suf fici eggdabl bli€Rio (of=1 toi: §j .t he
controlled adgﬁ%kjilgﬂmggn %r otoginﬁ?sf,ﬁeg?itg% &? §asﬁrleza§f) llléognﬁog Qﬁrr%???@ (ig%%?atm

or gani zedspeotsowafalids amd/of memidali$ descildd hargipesmptiswia picssnat sambenélritus, iof t he
syst are as fol.l ows.[0043] Source.or GCenerator of Flow . Flow.is. inguced
e of0L nF S AmPGHTENE: B apRbnt fidieaa & Pt PRt S G e L besef Al

i ntr oducgheGRANAEST egaliRCHRMuEAhat i BETELE & the ARMMBIA &l seofts1l 6B bt ROLRNGE al s.
These generators of flow provide either a gradient or a change in potenti al
from t hetissupdampge-eser voi r of endogenous or exogenous fluids to the

pl acement posSida Of . I enerator _or it.s.extension elenme . €.
mani f ol d or SL(L(.)P ? Eu 2 ?ftoiaﬁ f&‘ﬁ%@%ﬁmﬁgﬁta,re {hﬁgngg’&)r%%eg r sftllnbwtbr@%? ﬁgg’s(’fa
sour ce ofluidedMeaifolds agsapparatBs fr Fefiding tiRRRAEA M TR Bt®eétihB Gotliree bhe

invention may al so conprise valves or arrays of valves that control the
appl I at easraeridlayumd be tistgspacee Theasacpssalgpenel etiflew it teéinpdihy sRrciplized

t ai . f : i f.ol. SCI 2] hse a
o eseur o RanoiS uifER P ANALALATRMS £3ifiR BB 6 ASIGIE G EROMATE 2
appl i ed pysitwored poies fos creag?g ?ﬁﬁii@&ﬁeﬁw%tﬂo&%ﬂohﬁtpamma@eg?ﬂﬁmepr e;sur e
t hat i n in.t ni.fo r scaffo Qr at . ite of ti e danmge.
[ 0044 NRMRGI AR Sp s Hedie cainacs EndPrIg magralis Se0te SRR | ng
the flowepfind lehiodst of'Rad ﬂénﬁ%na%@aﬁ%a%;ﬁﬁlﬁﬁ%hefcgeqitvﬁngdf!eka%nwgﬂﬁﬂg E@Fﬁlg of

fl ow between the source or generato ow an ti ssue space.
macr Y& catissubepask. of flow is refined by specialized

[0045] A manifold generally refers to a physical substance or structure that serves to
assist in applying and translating a mechanical, chemical, electrical or similar alterations into
changes in the flow of a fluid, herein defined as the movement of liquids, gases, and other
deformable substances such as proteins, cells, and other like moieties. As such, this physical

25  device includes a single point or plurality of points for the egress or evacuation of pressure,
fluids, and like substances capable of translating the movement of fluids in a scaffold, as
defined above. This can include, but is not limited to, the introduction of exogenous factors
such as cells and/or therapeutic moieties into the scaffold through the lumen or plurality of
lumens present in the manifold. In addition, as used herein, a manifold includes a single point

30  or plurality of points for the ingress or introduction of fluid from the scaffold back towards the
point source of flow.

[0046] Flow distributed by the manifold can direct the movement of endogenous

proteins, growth factors, cytokines, and cells from their resident locations within the host to
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mani folds utilized for directed localization to a single point or to a
plurality of selectively positioned points for creating initiation sites
for m crosoabw/d7B3aw pat hways wi thin the manifol d/ scaf f olPdTarsdgo9wb47israt el vy,
the tissue space. The manifold may al so serve as a conduit for the renoval
of f1 ui dbe figsupspasd oascadiold iy agyzddonanriece Tee ¢siablighmenteof dlysnalorg thess ds t o

the tissueg space., [ 004 A.manifol d. generally refers to a physi.cal. .

Subst andBtsPBEIes 1 1PE dbpaTRL e Cpd SRR York bl A Ao B iRt g o
mechani callogebashedbrk @ndeitigtht hevt 1 ihdistafolal Egfeadib e thdtmmtahanges i n the
flow of a fluid, herein defined as the novenent of |iquids, gases,  and

ot her desstblighsiavithimthesaeliald shronghuselestiye ppsitoniag pf the manifold fiaw inifigtion

noi etzi esg . | e / r

o ur 81 1 e oS orbHofinf Wt Bhe URLAE THBRRER DU AUBINME og  and

| i ke submbesiorsd mapapteidd a bivaltehiailiang phirsdcaltraarseoik tiat §tirnldes the a

ffold, defi ned ab hi n i ncl , byt i limted to, th
ht r oducPgRIO g BuwABR of celb alove drered s Bpy S aphehont i esliouendBirol et i es
into the;sseafhal drideaighe Eﬁlﬁgbﬁ%ﬁﬁ ReRbork bﬁg%:téfi%%f (%Rivnh:fé‘@&%, a‘HdQ_%ﬁEPro‘foeE he

mani fold. Inaddition, as used herein, a I ncl udes” a single polnt

or pl ur a fongdatibn ppomwhidhoubsdygentiphases of the hody isaductissonraphirfahdiregeheration he
scaflfol d %%ck tovvargs he point source of flow [0046] Flow distributed by
t he WaniPEEHELR Y POIE the novement of endogenous proteins, growth

factors, cyt q§o4mswhedth fgdd, &efrﬁﬁﬁfo‘lch%fksﬁﬁ%bxgﬁﬁﬁtioh%ﬁ{ 4 £16% géhéraiinp t he host
tothe tissue space or scaffold in an organi zed manner. The establishment of
fl ow al cogreeland e seaifaldvaf prepenid Elovoganseating sowices inplude, hut ateaioh imafed to

provi si onal trix that creates an interf.acial endogenous network ..
Conneot |0 E: it O et EPpaRan eRobG: Bres P RS I ethotise
establ i shed Thd how gkdtkers eathblidhed ithe wghifSRI r@e§ by furhesidfined tHigugdf tht he

mani fold flowinitiation sites with flow E)(ra(;)npt.i nﬁ scaf fol di ng designs. The
or gadfi zegafiplds teidsliversdiow semdicahtp the scatinldpertimize flewshiouglthescaffeld Bani cal

o0, oSl AL e A S S BRI  gphaR!
The r eswapahigotmatnleing charpet wopressate prdahelikes intgcanttdiled astvement @ifthidse! | s
P01 B SHOGBLLED MBS ShIeenL Phiges, o fle Dot s ol ssue
e oSSR YRR PRI AONRLAN 7 feat o .
20  tissues, but are not limited to a particular tissue therein.
[0048] In order to realize the goal of inducing flow for the purpose of tissue
regeneration, alterations in the aforementioned mechanical, chemical, or electrical impetus
must be translated from the singular gradient source toward a physical substrate or scaffold to
elicit cellular-level changes in protein adsorption, matrix organization, cell migration, and
25  other tissue regeneration-related behaviors. These alterations are multivariate in nature and
can include mechanical changes that elicit a physical change in pressure applied to the scaffold
as applied to the site of the wound or desired site of tissue regeneration, chemical changes that
elicit a gradient in protein and/or ion concentrations, which result in the creation of osmotic
gradients capable of inducing flow, or electrical changes that create a gradient of current/ion
30 exchange allowing for propagation of electrical signals from the point source. It is to be

understood, however, that the applicants are not bound by any particular mechanism through

which gradients and fluid flow induce advantageous results in tissue repair or growth. In order
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generators of negative pressure; generators of positive pressure; and
generators of osnotic flow. The flow gradi ent established in the manifold
may be fuwohero/a7efsoned t hrough the scaffold, to deliver PaTfusoa9gseds ent to
the scaffold to optimze flow through the scaffold as needed for the

par t i cultapddefageousiMampsnof theseegredibutd itorthettisswt 8 physed daceismeeded toditeétol ds
capabl e pof transl ati ng.changes in pr ure and the Like into controlled
moverentiopatk LAY o it SHPR  thABIGHT o FroSTEAMSisH WEd, for the
purposes of o434t dorht SRWEAMRAR) HeahdrRfdld JdIRSEses HiPAGKIER HirSctaledn RBET al | Y
specified for a particular application in the regeneration of specific

t i ssues,apbeditien te anotithin thetcodtents of apeaffald andiservésse peonagate ehpltepiondla | n

order. to,real,ize the of i nduci ng,flow. for,the purpose,of tissue
oo TSR bhfrldg, F&herth ob RRUERAGL chOMichREIk R DU OORE Rl 3BT
el ectri gaturé, foetht SndabsSbf &eectiﬁgﬂ&k@émfgégmti@@oﬁit Rgut@to the sehf@dingour ce

toward a physical substrate or scaffold to elicit cellular-level changes in
pr ot ei n BaigRAl pihe Rlacerentiof iy gunifeldrvidniespest fo ity lgeattanotith eagardge meat of thesue
regener 1 .al t.

natar e aoaad R Rl oENE K Bbncy WG RAGE AOARaBRT el MM . 1
pr essur espegifit tisstle typet.hBosexahfpdd, dheamamfidd negt teaithited sudhahatfimipheatadaissak, or

desired site of tissue regeneration, . m cal changes that elicit )
gr adentSUFthasst Eisey FmiAR 1o PeGen %%&@Pﬁ%ﬁdﬂgﬁ W%ﬁtraégalret Siteso e Dbt  on
of osnotg &y HeafbIlodreRHRERHAL AREUGTHW {0 th@Lek klﬁQMSgeﬁﬁéd hgnges that

create a gradient of current/1on exchange allow ng for opagat i on of
el ectrical si[60f0] Ménifolds they pocermpssed ot @ bidabsdrsabi@oblgioimedenat¢riadd Eximopleyer |

that th | i t t b d . ti l hani h which
or adi ent R R YP PP TBRS THAGRES SRR A EraE U PR PGB W epat t of
growt h. ;Jo(l}w{ﬂaﬂémea@mz ﬁﬁ?}%ﬁhﬁthbﬁ@%.sgﬁ @rtaiﬁbm@gr BloMbHable poliendrt Ssue, a

physi cal device is needed to direct the path of flow fromits source to the

scaflbol dueh as ¢odlogen. pplyéactindcidi(BbAy.arodyglyqobio 40 (Pl oprdylestideconglvedidet he

mani f ol rises._a .physical structure .in close Qsition to or within
the contBpet Bl elae i€ B Rl B hel o83 SRR ARl B5n i ' o
physi calcopiiraiBhetheredt) @b also bk ub&l. MaebAth @dpectsCh aftinifald is eb@pései @8h, or
sonmething simlar in nature, for the nmeans of directing these changes from

i ts poi reechanedlly st mperiglsspelvash ericipmrbopriiate, nndrosyansliiee BN carhgnates or
SR el - -  hat: af ffold
Ty e QySlisd SEAPEeRallh Sutr AR A bk SR Sl Be W B el s R ©

r eg@oer alefeots. Gonepeaiifalds 4re akua rixpd sionbivreexiaaiid and hibesordablé alaterialky Ihe

situated such that, i npl.anted_tjissue, such as a tissue |lam.na,_ is,between
the man iaea‘rraﬂaﬁ*aﬂﬁh %g@ for g seatfoldimay ql&%léseg ite soraposerpdpanifqlg and such

materials are further detailed below. In certain aspects, manifold materials are structured to
include a high void fraction for improved bioabsorption properties. In some embodiments, the
manifold may embody characteristics of the scaffold.

25 [0051] Scaffold. Biologic and synthetic scaffolds are used in the field of tissue
engineering to support protein adhesion and cellular ingrowth for tissue repair and
regeneration. The current state of the art in scaffold technology relies upon the inherent
characteristics of the surrounding tissue space for the adsorption of proteins and migration of
cells. A scaffold for use according to the invention is coupled to a manifold, provides physical

30 guidance to direct the pathway of fluid flow in the tissue site, creating avenues for the
movement and migration of adhesive proteins and cells, respectively, which are integral to the
establishment of a provisional matrix in predetermined patterns of organization within the

tissue space. The methods and apparatuses described for fluid flow-induced and gradient-
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fromthe blood source or interstitial fluids can flow to or through the

I npl anted tissue [0050] Manifolds may be conposed of a bi oabsorbabl e or

bi oi nert Wt28H/EB349Exanpl es i ncl ude non- bi oabsor babl e NBRCEASAM08/0697¢h as
medi cal ' grade silicone polyners, netals, polyvinylchloride (PVQ, and

pol yur efiifiaed geaerption of Henurpbaverdiect iBInbisdiams baibithe drsignraiitke sratfpldas Wadiin agen,
pol yl acty. ' | .C._aci , ctide-caq-glycolide
(LG S eafbR Silehs B0 YRRl hRitals b ARP LIRS RERE RIS | Gl
gl ycol , celtulardedal patdrosommhie Gofd, soare t@ttepolrg(sysLilow lifitiagsrd withinakpect s, a
mani fold is conposed of a nechanically stiff materials such as a cal cium

phosp hai’@,mfﬁ];dd rosspaplt m?ié,embﬁbf d@ﬁ%%ﬁ&?ie%f %Tfmﬂf%é PR ‘.’OIS'@ZFEF@ Hechanical |l y
stifg ”%xg&;\égl{oﬁ WiRYa BaBo10 351 I‘eﬁy&ﬁént %g fhel fibvl Pe%thhf?ﬂs \Qﬂ%iﬂ thd §SUE s@efmet s.
0 i oresof babl®e an

Sonme mani s are also a mx of non- bi oresor babl e

mat er i akertait aspgetner shffoklie nireticulatistfuoturacenprdsind bi ghwyidafirsmiob dornisspdoved
conpose, a nifold and such materials are further detailed below In
cert ai nPHERROPHON FERTTHEY d nmaterials are structured to include a high void
fraction for [003R] %ﬁﬁmﬁi@&%ﬁ{p@s!o@@uiPc{b‘IhOs%ffbl%%natEﬁa@ fRudeRegiamBRES, the
mani fol d may enbody characteristics of the scaffold. [0051] Scaffold.

Bi ol ogi matmtiprojamsrech es Sbuam,foollagenanr dibneredtin, rand lypnthéted ¢ naturallysecswrring

S oo RUPER! oBbPhEbR, B SRaPBf Folihet e G Ripld o1
t echnol gEYAY, blyes coROakid (BGANRIyeaide ke gdvdoBite @EGA),%_IM@I?}&(HI@IUH@ 2 g

ti ssue space for the adsorption of proteins and mgration of cells.
scaf f ol olyesprolgetons pobygrihgnetes, PR fimyatesi @ardlactenssmadypipides palysadcharifles

provi de Sk Cal: I danc | k ] Ld flowin the

ti ssue gppg&%g%gﬁq%g@%\/é%&i@ng @@ﬁghlﬁgg%e%éﬁg;oé Jg#é ’ion of adhesive
pr ot ei npolghgdroeybusyratepsgightdrygivalerattli pollydid@anbind, @olyathylene tgheobspalbkarmdrsent
of a_ provisjonal matrix in p,redeterm_ned,%gtterns of organi zaI| on within

t hel? i sBolyphospbazenas, polyanhysiaides, palyaping aidss BalyaRhe esterePAYACCRISyi d

flowin | | e [ il Wy

| rpl | cat B B A PO B R A -y PR By P P88 bther

scaf f ol deylsebstiantedcallmlasnacdtires pat doanbyptvesfthérbof, dolfybtyvenas, tpolyviryhehloridgue
space to celluylar.|evel patterns fr th | uid squrcg to th oi nt.(s) of
w1 nPelSupbASGden PRy R D o SEabe NS AP Eo Ry Y ERARE PUER | cs
of a m?bfy@in?l SLolRe, TIHAPNEM ylort OTHeNaGH bR aNkEsH c@m?ﬂ@é E@hdick QhicH KF 1 nement
of the T10Ow pathways within the tissue site. In certain aspects, a scaffold
i s 30 r ehydrakyapetitescaralding apatite replciwn phodphafh, cabdigmfsnlfate; eacifimreaibepatewed

bi oabs Og&te{ gar%bgr{a%%%ito!gﬁgs', allografts, autografts, xenografts, decellularized tissues, or

composites of any of the above. In particular embodiments, the scaffold comprises collagen,
polylactic acid (PLA), polyglycolic acid (PGA), polylactide-co-glycolide (PLGA), a
polyurethane, a polysaccharide, an hydroxyapatite, or a polytherylene glycol. Additionally,

25  the scaffold can comprise combinations of any two, three or more materials, either in separate
areas of the scaffold, or combined noncovalently, or covalently (e.g., copolymers such as a
polyethylene oxide-polypropylene glycol block copolymers, or terpolymers), or combinations
thereof. Suitable matrix materials are discussed in, for example, Ma and Elisseeff, 2005, and
Saltzman, 2004.

30 [0053] Bioactive agents

[0054] In certain aspects, the apparatuses and methods according to the invention
concern bioactive agents. Bioactive agents may, in some cases, be incorporated directly onto a

manifold or scaffold material (i.e., to generate a bioactive manifold and/or scaffold). For
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[0052] Nonlimting exanples of suitable scaffold materials include
extracellular matrix proteins such as fibrin, collagen or fibronectin, and
synt het i cwonomeat7ss4al | y occurring pol ymers, including bi ealvasedabbeior

non- bi oabsor babl e pol yners, such as polylactic acid (PLA), polyglycolic
aci d ( P@pmpleohgentscthatdecilititalissuo giosksh (WRh@A)collggenyov fityin pyayr sl dikotle,

pol ycapr.ol act o ol ycar bona . po rat.e capr ol actones ol yam des,
Dol 3 acdReraied epfbuimie o nas SO RS ik G o AR s ffer

chi t osangherritankfiB 'ré?sR@ﬁdeChee@Bé PALOVLEL LAY Lﬁs)!ﬁ@ér@fts)ﬁﬁﬂrﬁiﬂﬁéQégiﬂawﬁég%h&tsﬁch

pol ydi oxanone, polyethyl ene col s, pol oxanmers, pol yphosphazenes,

pol yan hwdrrmeycumaxbmm@mcat lntmlﬁld l96 seafold gTuchies acet al s,

pol ygyanoacr r te
POl Y&y ANOaCr et AV ALRENSRRI MBLIRE AR Ry SIS At st

t her eof ,dapnigy by yireRes thadddvy Wirdygh th Itlesmedsﬁe Bod e;xampyd afnhandfol deay be in fluid
pol y(vinylimdazole), chlorosul phonated, pol yol efi pal yet hyl ene oxi de,
pol yvi nySomEpEBERsion viittra Hpid spurcg apd APiogiveragenisray ‘?)Wé“’é‘é‘f?dép d ‘Egl’r‘ﬁlrl se
ceram oS S @i IRAP ALY HOESHIARAPaL [ e, calclum phosphate,

cal ci um'su ate, clum car ona e or other carbonates, bioglass,

aI lografts, 003 Ndiisnitingaxanpied of usent bloaciiergraeth ﬁacwssjﬁesvamuscorrposi tes

co Thge P ot s AL T e PRI B
pol yI actd d&nc@ciet m@b'pot@ éﬁ*e@éﬁ ,aﬁbreahﬁgrmam&or @:cnf) gﬁﬁﬁ%‘ﬁéJch%n an

hydr oxyapatite, or "a pol vtheryl'ene glyc Addi ti onal’l the scaff oI d can
conpri s otiooidiingdadtan&-65F3 ng(ranulopytc/maee)phagqmi@lmnmﬂatmﬁac@r {Get-CEh),

(e, camsrymereitien Rl o, rydrf PR BB R R PREEh P Bl ot

copol ynem&or AGFY, 8l BRaSthelifd grSAhitThdiad (VEGE), heabyte ovttal@r/Reditet X
materials are discussed in, for exanple, Ma and Elisseeff, 2005, and

Sall tlémarfactgnﬁiGF/[Sﬁmaa]mtstl@é@n,.tu@oag@msgs faclosa])(TNF -©crmarve SeWRCIeor t he

Sents. B3 r?sé?aﬁar%ﬁwgt‘f&%rﬁw%%ﬁ%é ALy Rh AOREEMARRL 1) onto
a mani fqladc@grxzaﬁaﬁf;\mh@sm(ew al (i.e., to generate a b| oactive manifold

and/ or scaffold For exampl e, agents that facilitate tissue, growth sych as
col | agen or f[pﬁ% ipsug repaiandgegancration 1 Be ppRAEUSSH #Bd &fSt‘?ni’ﬁ‘é)‘S‘éOWQE‘F?%‘Fd or

scaf fol daffBh Stdtor tlgéu%‘?%{iﬁad'e'ﬂ BBRHANLADS: WhRER ADRRIANe [ITEWAG " Ssponse

need be ssue I mmune regul at or
rapadyci n naﬂﬂb&ﬁ]lREparrmnd ag@denaﬁbm oftimsi tisshel Argesaratbf of ﬂowlrmayd:temoaﬂ)med

with manifolds and/or scaffolds to direct the regeneration of lost tissue at a site of injury or

compromised function. Tissues lost from traumatic injury, surgery, burns, or other causes
(e.g., infection or autoimmune disease) can be led to regenerate using the methods, scaffolds,
manifolds, flow sources and systems of the invention.

25 [0059] Retard the progression of a tissue disease state. A generator of flow may be

combined with manifolds and/or scaffolds to retard disease progression of an affected tissue
such as occurs, e.g., in autoimmune disease and wasting infections such as a Staph infection.

[0060] Maintenance of tissue viability. A generator of flow may be combined with

manifolds and/or scaffolds to maintain the viability of explanted tissues, such as adipose
30 tissues, either for in vitro study, ex vivo scaffold or implant preparation, or in vivo transplant.
A generator of flow combined with a manifold may be used to provide nutrient fluid flow to

the tissue and to control waste removal from the tissue.
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[0055] In further aspects sol uble bioactive agents may be introduced at a
site of tissue damage by virtue of the flow through the tissue site. For
exanpl e, WOrand7834d may be in fluid comuni cati on with &Cilust@ovemge and a

bi oactive agent may be introduced into the fluid source and thereby into
the manifol d #M$Y 'Ml itissue. [ @eBatioell flaw may de enmbiried svidf mari&ildy

bi oactive_growt tors for various |l l.cat.ilons are owt h rone (GH),
= bone. naPaREReRel RS Bofreur e RReth ARRLHEE indEs i RE P SR Ter &)
TGF- b, anfanitfolle) Bl s@Irosstdndisfstms of Hichmventlb@Bat BCykee 6 ik YheSdrbwih ¢t i ng
factor (G CSF), granul ocyte/ macr o_gth.age- colony stinulating factor (GwCSF),
epi der nafisyies Whareradditional tsem quastibt is needed or Hosited g TamerRaasion MEpHEr)

i nsul kn-1j . f . . el i or

(Ve RO Pl e & &ino, KRR e ERIRRA Ao SRAMBAAEIYL 1
tunor ne@rovides réquited huariechidHo alje ssuhehweinghe witheh@atoinfshiChby thd apptieatioaiof
appl i cat |§§g t he bioactive nolecule may be a nolecule that directs

vascul ar FSREFOPIEEER as VEGF. [0057] Tissue repair and regeneration. The
appar at uses  anghe3y AlcbdlBraflbs 6F 586 FAH818bA of BAnREINYHEH tsOle fobmsit, repai r and
engineering in varirous contexts fncluding the 1ol ow ng. [ 0058] Repair and
r egener agemamatof of fbew ntay dewembinegeridr meanifolds arfd/ @scafiigldbto avoelbiatettie vate hf

mani £ ol ds. and/ or scaf.folds to direct the regeneration ost 1SS at a

ot e Bt Py aai Arabl el aonst cETUBeROLt TS FAOIRIEr M) ury,
surgery, sQut&Sand@ysterhb6f thedha@fioh frad be usé RGctQBraftistst SN BE atliB@Ang) can
be led to regenerate using the nethods, scaffolds, manifolds, flow sources

and syst &mnagpn phprovisiamal inghrices, Jadbatime itastable pesippuigg.candiaiding in epitgsoe

ccartof a3 para et O GaBk L bR R BrSa R RIS e TR A Y

occurs, @sdl to prémétd newtisiefothseash adtlciod SissueGite NEaE hdHsstid Ehnasion nidlyaph
i nfection. [0060] Mintenance of tissue viability. A generator of flow m

be coirbi Reysaste Rubelies sddi¥olupme/apd mpsse tissuessiteo Svgh mesliods may Bejused 1o rehuik g
{ant : . . . ) . |

vivo- soat PaFdohes 1RG0 LR AT hidfiRed bl evd Bbmb) oFd fipBle it P

f1 ow conbktera! spchraacerafid featuge.may be used to provide nutrient fluid flowto

the tissue ang t wast.e renoval fromthe tissue.[0061] Expansion of
tissue. A gen 90931) t * 0GR C R

. ¢ ‘"':v e.tl 59.:," iem gelisalone-specifig pativga & $3scaf f ol ds
to pronobe,dfi§r SHRAR a9 be YonDiedtWiRPmbABSHE Snd/ I R fTEHY

efsimagRkio! ds,

20  differentiation of stem cells or other pluripotent cells into specific lineages. Application of
flow using the methods, scaffolds, manifolds, flow sources and systems of the invention may
be used to direct pluripotent cells into specific cell lineages needed to foster growth in the
tissue space. For example, adipose (e.g., brown or white adipocyte) progenitor cells may be
provided as part of a tissue lamina and grown on a matrix either in vitro or at a tissue site in

25  vivo.

[0064] Introducing proteins, matrix, cells, or pharmaceuticals into the in vivo

environment. A generator of flow may be combined with manifolds and/or scaffolds to
introduce exogenous growth factors, proteins, cells, or pharmaceutical agents into the tissue
space to augment tissue repair, regeneration, and/or maintenance.

30 [0065] Creating matrices in vitro for implantation in vive. A generator of flow may be

combined with manifolds and/or scaffolds to facilitate formation of matrices in vitro that may

subsequently be used for irn vivo transplantation.
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mani f ol ds, flow sources and systens of the invention can be used to direct
the gromh of tissues where additional tissue quantity is needed or

desi red. WPD28UW07834pansi on may be acconpli shed either i nPEIIS2¢0/06%1% 1 vo,
for exanple in a tissue culture environnment that provides required
nutrients to [0966} Prometingfintegiation pbtransplanteditissuer A Berfetaeiiofifjow may be
application,.. [ l J: j . ion or
o oot ; ngp el PR HERTORl BRI Seafol B breti e Hb A o Crark BT R, 1

mani f ol dthediost/ edrirsmaédto T dad baapplicl tataatdghdt, aHbgraff ortieasgrafttanspirton
wi thin a natural healing response. ' The nethods, g&affol ds, .mani fol ds, flow
sour ces ar@sRigaied Hesugs may de whoknerionslfisyie exsised HemuEarRding Hsupsye

growtd) by, JUgRRE &i%g{egrtﬁ?ﬁ s QfctPds lgfogélﬁjiz%ité? NalsulRAg e nsfn"i’aﬁ'liri]t*o.ldt Rblend i ts
stabl e positioni'ng, and arding In recruitnment o ells to the tissue space.
Li kewi semay ielhaleiamatnesepprassinghagechsds raiuse theshandearf ¢issuemajectien. used t o

pronote new tj e formation : ed tissue site. . Such new tissue
formation mayt@gyh B2 9 lion and grientation [

xi gepoesition Aijte.
Such net RegSeEftoP tay R dokd

=3 f~1 2.2
Ci -

Ul ife@Rt] AahifSI84mnd/ GALIMESEs (I @liddMpeirk&ed to an
injury, malformed dufing devel opment or to inprove the external appearance
of a f eatlepositiop@odsiieBationiE¢Mpexprassad yf eotle pnd tissuen Dlie dirastadeaichtatian ohg

anar b SEEM B g Rt A0kl 8 i il B PR RE o lhiig s

pl uri pot gNt1a6&k bid tisdues.speci fic |ineages. Application of flow using the
nmet hods, scaffolds, manifolds, flow sources and systens of the invention

may be used t H088} Referasices i potent cells into specific cell |ineages needed

to foster gro J i space. For exanple, adipose (e.g., brown or
whi te adi pocym##ﬁggggﬁi %"Z?ig@ms may be provided as part of a tissue

| am na and grOv# PatenaNops 10X285 ther in vitro or at a tissue site in vivo.
[0064% | nt roduci ri)g proteins, matrix, cells, or pharmaceuticals into the in
vi volZnvi r onnBrt- PagngNeeb. 81 1of 1 ow may be combined with manifol ds and/ or
scaffolds to iy ‘r@%ﬂpﬁoe@)(gggg%ls grow h factors, proteins, cells, or

phar maceut i cal "agents into t'he ti ssue space to augnent tissue repair,
regener at i on, Ush®atent Nai 6,68H&82¢e. [0065] Creating matrices in vitro for

i npl antation | ivo.}f ggg@rgor of flow may be conbi ned with manifolds
and/ or scaffo et0f Nei P$-PY%PE formation of matrices in vitro that may

U.S. Patent No. 6,767,334
20 U.S. Patent No. 6,814,079
U.S. Patent No. 6,856,821
U.S. Patent No. 6,936,037
U.S. Patent No. 6,951,553
U.S. Patent No. 6,994,702
25 U.S. Patent No. 7,004,915
U.S. Patent No. 7,070,584
U.S. Patent No. 7,077,832
U.S. Patent No. 7,108,683
U.S. Patent No. 7,160,553
30 U.S. Patent No. 7,186,244
U.S. Patent No. 7,214,202
U.S. Patent No. 7,279,612
U.S. Patent No. 7,316,672
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subsequently be used for in vivo transplantation.[0066] Pronoting
integration of transplanted tissue. A generator of flow may be conbi ned
wi th maniwolzde/&asapor scaffolds to pronote integrati on ®@CTUS2W9OHNE ed
tissue into the host environnent. This can be applied to autograft,

al l ograft, orUxXeRaigntfe. 1,34 ants. Transpl anted tissues may be whol e

sections of tj e _exgi from surroundi ng tissue, or substantially
di srupted ti s@%ggatgﬁﬁo'?;g]ﬂi’ aspirate. In such applications manifold

materi al may Wiscbads: WeIURE Beppr essi ng agents to reduce the chance of
tissue rejection. [0067] Directing extracellular matri x CECM) deposition

and ori ent at i B9 Patent Fubdn. 2R03/08%34éner at or may be conbi ned with mani f ol ds
and/%r scaffodj%srgtgmg%jbqlg 2&)6?/09%(%]%@'[ ed deposition and orientation of ECM
el S and ti"

expreéssed by ce i'ssues. € directed orientation of ECM has an

i npact in or gams. Pategt Rutth. do020t123895t he attachnent and col oni zati on of
subsequent cell layers and tissues. [0068] References U S. Patent No.
4,787,906 U. SJ-SpheteniPuln. 26080833834 U s. Patent No. 6,135,116 U.S. Patent

No. 6,365, 1464, Bychabl MasioSpR 823 U S Patent No. 6,696,575 US
) , - O a

Patent No. 6 tent No. 6,814,079 U. S. Patent No. 6, 856, 821
U.S. Patent NG.S.Br@d@Go8PatchiSApilat @403 6, 951, 553 U.S. Patent No.
6.994 702 U.S. Patent 7.004 915 U S Patent No. 7,070,584 U.S. Patent
No. 1,077,83§Ut§: ’FOVltSé?rggPatﬂB?‘gﬁl?l&o%l/h@sO@. S. Patent No. 7.160, 553

Anderson et al., Tissue Eng., 13:2525-38, 2007.
Brody et al., J. Biomed. Mater. Res. B: Appl. Biomater., 83:16-43,2007.
Gemmiti et al., Tissue Eng., 12:469-79, 2006.
Lago et al., IEEE Trans. Biomed. Eng., 54:1129-37, 2007.
15 Ma et al., Scaffolding in Tissue Engineering, 2005.
Manwaring et al., Biomaterials, 22:3155-3168, 2001.
Manwaring et al., Biomaterials, 25:3631-3638, 2004.
Mercier et al., Biomaterials, 26:1945-1952, 2005.
Mikos et al., J. Biomed. Mater. Ref., 27:183-189, 2004.
20 Norman et al., Ann Biomed Eng., 34:89-101, 2006.
PCT Appln. WO 00/38755A2
PCT Appln. WO 00/61206A1
PCT Appln. WO 03/018098A2
PCT Appln. WO 03/092620A2
25 PCT Appln. WO 04/060148A2
PCT Appln. WO 04/105576A2
PCT Appln. WO 05/009488A2
PCT Appln. WO 05/033273A2
PCT Appln. WO 06/004951
30 PCT Appln. WO 06/127853
PCT Appln. WO 07/067685A2
PCT Appln. WO 07/092397A2
PCT Applin. WO 07/106589A2
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U S Patent No. 7,186,244 U S. Patent No. 7,214,202 U S. Patent No.
7,279,612 U S. Patent No. 7,316,672U.S. Patent No. 7, 346,945 U.S. Patent
No. 7, 351W02010078349Pat ent No. 7,384,786 U.S. Patent PubP&T/U30@306072%5347

U. S. Patent Publn. 2005/02601 89 U.S. Patent Publn. 2007/0123895 U. S.

Pat ent Publ n.PCDA®Pm0IE307/1068904%¢t ent Publ n. 2008/ 0208358 U. S. Provi si onal

Pat ent Appl n. 1,142, royi sional Patent Appln. 61/142, 065 Anderson
et al, Ti ssuep(gﬁé‘pp?nlg&@é)g@%égﬁp%m Brody et al., J. Bioned. Mater. Res.
B: Appl. Bi O EApplB WA 674865200V . Gemmti et al, Tissue Eng., 12:469-79,
2006. Lago et_al, TEEE Trans. Biomed. Eng., 54:1 129-37, 2007. Ma et al,

Scaf f ol di ng iBE FA®BlNe VEASTHOES 9402 2005. Manwaring et al, Biomaterials,

22: 3155- 3168, ' |, Biomaterials, 25:3631-3638, 2004.
Mer ci%er et al?é’g%)ﬁg’t@%r]zs@g%%ﬂ%%- 1952, 2005. M kos et al, J. Bioned.

Mater. Ref, ZPCTLAPpISWODR004355K2ran et al, Ann Bioned Eng, 34:89-101,
03101 8098AD IKC-ARBI: N OUBIAGHSE2080 PT Appln. VD 0410601 48A2 PCT
Appl n. VO 04/8@baARBRY WO 07/196590
PCT Appln. WO 08/013896A2
10 PCT Appln. WO 08/036162A2
PCT Appin. WO 08/036359A2
PCT Appln. WO 08/036361A2
PCT Appln. WO 08/042481A2
PCT Appln. WO 08/091521A2
15 Pfister et al., Neurosurgery, 60:137-41, 2007.
Saltzman, Tissue Engineering: Engineering Principles for the Design of Replacement
Organs and Tissues, 2004.
Sachlos et al., Cells and Mat., 5:29-40, 2003.
Segvich et al., J. Biomed. Mater. Res. B: Appl. Biomater., 84B:340-349, 2008.
20 Shimko et al., J Biomed Mater. Res. B: Appl. Biomater., 73:315-24, 2005.
Takahashi et al., Cell, 126:663-76, 2006.
Tan et al., Bone, 41:745-751, 2007.
Tan et al., Biochem. Biophys. Res. Comm., 369:1150-1154, 2008.
Walsh et al., Tissue Eng., 11:1085-1094, 2005.
25 Wen et al., Handbook of Nanostructured Biomaterials and Their Applications in
Nanobiotechnology, 1-23, 2005.
[0069] 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.
[0070] In view of the above, it will be seen that the 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

22



PCT Appln. WO 05/009488A2 PCT Appln. WD 05/033273A2 PCT Appln. WD 06/ 004951
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5:29-40, 2003. Segvich et al., J. Bionmed. Mater. Res. B: Appl. Biomater.,
84B: 340- 349, 2008. Shinko et al, J Bioned Mater. Res. B: Appl Biomater.,
73:315-24, 2005. Takahashi /., Cell, 126:663-76, 2006. Tan et al, Bone,

41: 745-751, 2007. Tan et al, Biochem Biophys. Res. Comm, 369:1 150-1 154,
2008.
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Wal sh et al , Tissue Eng. , 11:1 085- 1094, 2005. Wen et al, Handbook

of Nanostructured Biomaterials and Their Applications in Nanobi ot echnol ogy,
1- 23, 20080 2pB0B8I49AI | references cited in this specifi ®&TiUSA0210697ThEr eby

i ncorporated by reference. The discussion of the references herein is
intendedCI@ﬂngl to summari ze the assertions nade by the authors and no

adm ssi owei&aihrlade that any reference constitutes prior art. Applicants
reserve the ri'ght to challenge the accuracy and pertinence of the cited
references. [0070] In view of the above, it will be seen that the

advant ag€mimafl. t he Anysiamifontreatingachoeddavimgd davigrthashstent egeprisng:ai ned. As
vari ous changes coul d be nade iqyt&gﬁg{?ove nmet hods and conpositions w t hout

departing from %H’@S%‘é‘bfﬂémiﬂ‘mftsﬁﬁl? BYSW® is intendedthat all matter
contyg ned in thes aPRYEINERAM! PAchAMd3AHina AANA tisfuel 1A RAC HRIEBARNE Danidh aW NgS
shall be interpreted as illustrative and not i1n alimting sense. CLAIM5S W
claim Cdaimi. A sylsvenrg édpes andfrinmg alammateinhvd ngmaunioatioy withiee §3g8¢ em
conprising: a pressure.source to suppl duyced pressure;. a scaffold

i ncluding a scaffol dfap’é?ﬁ’ Cl&?_’i‘bnaée l?e??'g%tlf’é{e& _ ﬁéeg‘frﬁ@y fs‘%léfjfdf’t‘i?lofs%f%erﬁaﬁ’&’%ayi ng
edges and form ng a {ya/dniadufabdd, fhkWbArole RPdkERhingRvikih fhel daQity bt Svduadl na,
the lam nate being rolled into a generally cylindrical shape having two end
surfaces, the scaff ot frovidpggieducsaipragsuske thihe wavadcand ty of the wound and

provjdi ng reduced _pressure.{o the .wqund:..and a nifold in.flui

con’niu(ﬂi cation wi frﬁ&tf?ell I%P&(fscuopgng%\é\@%oél ‘glﬁ}bl{fjg%eséqérgfs ?lgrlcg a?%thﬁrsg%/f?() %tor educed
pressure to the scafpkidelredicod prrsiré tetheeuttbld Lndhaudd théeuayst em of clai m
1, further conprising a drape forned of substantially inperneable nmaterial
to cover the scaffgld and the manifold within the wound to_substantially

ai e ai nCH#B 2 educ bee piskas ol daigy LHPRberempESHE Adiars o a%ﬂl%wtﬂa?ﬂ@

mani f ol d. j ' hifbl HERe o g

posi ti oned%ﬁfﬁ%ﬁ%@ﬁ%ﬁ%ﬁ& %Qee?fg}leggcgflf{rﬁfd;aggs 0 EI'ILH eagﬁtaﬁg{eﬁ n f(?ui d

conmmuni cat isobstatialy araénteih théeedeckgigmesshiret wighin ¢laf Wolrd! Wheri pravid€tl by the4. The

syst%m of %a%'i&é’ wherein the |am nate further conprises an end portion

Claim 3. The system of claim 1, wherein the manifold is positioned adjacent one of the

end surfaces of the scaffold in fluid communication with one of the edges of the scaffold

lamina.
Claim 4. The system of claim 1, wherein the laminate further comprises an end portion
20 of the rolled laminate with the scaffold lamina also comprising an end portion, and

wherein the manifold is in fluid communication with the end portion of the scaffold

lamina.
Claim 5. The system of claim 1, wherein the tissue lamina comprises adipose tissue.
Claim 6. The system of claim 5, wherein the adipose tissue is derived from lipoaspirate.
25 Claim 7. The system of claim 1, wherein the tissue lamina comprises allograft, autograft
or xenograft tissue.
Claim 8. The system of claim 1, wherein the scaffold lamina is formed from a bioinert or

bioabsorbable material.
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of the rolled lamnate with the scaffold | am na al so conprising an end
portion, and wherein the manifold is in fluid comunication with the end
portion ovothw/wsmbfold |amna. Claimb5. The system of eCaiused9/oe47es ei n t he
ti ssue |l am na conprises adi pose tissue. Claim6. The systemof claimb5,

wher ei n Qlaien 2di poShetsigeuef chirddy whetinf the sedffoibreping ktfermed fapmmaroantioe
systemof claim]l, wherein the tissue |am na conprises allograft, autograft
or xenogr af¥ M3@he O aim 8. The systemof claim1, wherein the scaffold
lamna is formed froma bioinert or bioabsorbable material.C aim9. The

syst em @fjaig] g0.M LTh%ﬁé’té%h%fbféﬁnS?%@&hﬂthb 3EffAd lasnih®EsrBpkides abicactigam or gel
material. Caim210. The systemof claim1l, wherein the scaffold | ani na

conpri ses agent Salected dromyhisterowesansisting of anantiviotir gugntibedy aad 7 gepvah fagtor.

antibiotic, an antibody and a gromh factor. Claim1l. The systemof claim

10, erqLi, e biﬂ@%&%téﬁ/l%?gﬁl{ﬁh 1S wher@nONE Biogﬁx%o%@nt(igébgro@th%%one (aGI;II_)G:_ o

nmor phogenet| ¢ ‘protel ranstormng gro actor-a (TG—-a),

a fi br obl asbogr mutphofaetio pratéi BB MRS eansfoomyrgegrovtiofagtostoi (Tiikaw), ad GEafior

(G CSF), granu| ocyte/ macr ophage-col ony stinul ating. factor CSF) ,

epi der mal  HPEOREEE $ravt CT(OEE?()??)’ |8¥aé‘f1§1c “@EP B E’\%tafﬂ"t?raé'gg% ¢PDGF)
insulin-li - ; : |, 8bideFRaMaRo W RAh&H
(VEGF) , he%‘g{‘%é elﬂbaff%%ﬁé? g(%:ltg@ ?tlsﬁélgtﬁ?%grﬁg tgﬁ{%?f-(@ﬁ# /% gllgg an interl eruki n,
tumor necr (RGE), platda desyeiNEowth facton PNEF Y ioswlin-likegrewth(thesy (IGE).alassul®r. The

system of claim.8 whereip t ffold | am i Qnpo 0, en.
SPEE Ce T I ER  S  E P e e

bi oi nert naf&leufin, i@ indbrbdis fANG-R PP Y BBnéhe sloditfdetoniNEFB N the mani f ol d
i s conposed of a bioabsorbable material. Caima15. An apparatus for
treating a wound having a cavity, the apparatus. conprising: scaffold

i ncl udi Agaimn Esaf f dihg sysiemred chaim Sa Whersin e iseaHd lamipg isscomrosediof collagen. havi ng
edges and formng a lamnate in fluid communication with the tissue |am na,

the |am@nate; pei n?l%l-%l%gét?ﬂ Jflifma, %@%ﬁ@iﬂeﬁeﬁﬁﬁ}oicﬁgrcbﬁ@bse?lhﬁ%%i&ﬁ&jtng two end

surf aces, € ‘sca or positironing withint cavity of the wound
material.
15 Claim 14. The apparatus of claim 1, wherein the manifold is composed of a bioabsorbable
material.
Claim 15. An apparatus for treating a wound having a cavity, the apparatus comprising:

a scaffold including a scaffold lamina and a tissue lamina, the scaffold lamina
having edges and forming a laminate in fluid communication with the tissue
20 lamina, the laminate being rolled into a generally cylindrical shape having
two end surfaces, the scaffold for positioning within the cavity of the wound
and providing reduced pressure to the wound; and
a manifold having a port for coupling to a source of reduced pressure and in fluid
communication with the scaffold to provide reduced pressure to the scaffold

25 lamina and the wound.

Claim 16. The apparatus of claim 15, further comprising a drape formed of substantially
impermeable material to cover the scaffold and the manifold within the wound to
substantially maintain the reduced pressure within the wound when provided by the
manifold.

25



and providing reduced pressure to the wound; and a mani fold having a port
for coupling to a source of reduced pressure and in fluid comrunication
wi t h t he woabfoal7eB4vo provi de reduced pressure to the scatralsdodvasina and
the wound. Claim 16. The apparatus of claim 15, further conprising a drape
formed dflaswbzt antTieldpparatgsef olrahll6, whdreinithé nianifaldvepositiened edfat@itdnantl t he
mani fold wiithin the wound to bstantially.maintajn the reduced.pressure
wi thin t hethfsd du&ﬂf@ﬁoga’@\ﬁf’%fgggfﬁh? é’oﬁ’é‘ﬂﬁ‘l“iﬂn(‘]?&l qlﬁef’?th eSpb8Fat us of
cl ai m 15, %&?ﬂ’oﬁil’ﬂnﬁﬁ‘a‘? mani fold is positioned adjacent one of the end
surfaces of the scaffold in fluid communication with one of the edges of

the scaffold |amna. Caim18. The apparatus of claim 15, wherein the
| ami nat Claim i $er  hempbaretis @fi claim 1povhérein the laptipate Hirthey commiiseseB it h t he

scaff.ol d | ami.na al.so goppri.si.ng. e rtian, i =Tl dis
in fPuid cB%%ﬂi@Q{eirSﬁe‘gm%{‘W?%‘%g““g% %g?fpﬁc}%fngﬁ a%%@é‘@%ﬁng% ﬁg’g%"na. Faim
19. The appheRinihe ®lantfoR itid Buidwhairidicdtiog withsthelend potiona of drpcaffeld adi pose
tissue. Claim20. The apparatus of claim 19, wherein the adi pose tissue is

derived frlﬂmim-poaspi rate. Claim21. The apparatus of claim 15, wherein the
tissue lamna conprises allograft, autograft or xenograft tissue. C aim22.

The appargiii§o0f chl %‘B%xgtus / %faﬁjnpi[ %ﬁerﬁﬁﬂle% HLs%ﬁ @At RoinprilTaiBdsS fiQme 2

bi oi nert “or bi oabsorb mat eri al . alm 23. e apparatus of claim1l5,
wherein the scaffold lamna is formed froma foamor gel material. Claim
24. The Glppaat us Tie appaiamshf clavhdPewhereinethe edipss| tissiisidetiveditphi ses a

bi oa1 tive gent. selected fromthe group consisting of an antibiotic, an
ant iNody aHB%PY#Ewt h factor. O aim 25. The apparatus of claim 24, wherein
t he bioactive agent is a growth hornmone (GH), a bone norphogenetic protein

(BWP), teansbor m nohedipputatusiolietadn-18, (hékmathe tissué Gmida cambtibssaitlogeat, gr owt h
factor (FGF), granul ocyte-colony stimulating factor (G CSF),

gr anul ocyt entegrefigsrepeeralbtisg- stimul ating factor (GW CSF), epidernal growth
factor

Claim 22. The apparatus of claim 15, wherein the scaffold lamina is formed from a

bioinert or bioabsorbable material.

15  Claim 23. The apparatus of claim 15, wherein the scaffold lamina is formed from a foam

or gel material.

Claim 24. The apparatus of claim 15, wherein the scaffold lamina comprises a bioactive

agent selected from the group consisting of an antibiotic, an antibody and a growth factor.

Claim 25. The apparatus of claim 24, wherein the bioactive agent is a growth hormone
20 (GH), a bone morphogenetic protein (BMP), transforming growth factor-a. (TGF-a), 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

25 interleukin, tumor necrosis factor-a (TNF-a) or nerve growth factor (NGF).
Claim 26. The apparatus of claim 22, wherein the scaffold lamina is composed of
collagen.
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(EGF), platelet derived growh factor (PDGF), insulin-like growh factor
(I1GF), vascul ar endothelial growh factor (VEGF), hepatocyte growth

fact or/ scHO2810/0788Por (HG-/ SF), an interl eukin, tunor nE&CTASRENI/069718
factor-a(TNF-a) or nerve growth factor (NGF). Caim26. The apparatus of

cl ai m 2XlaimdY.ei n Theeapparafisoif glaim i neh¢rsindbermesideldas caapesad eha Bzomeﬁﬁ 27. The
apparatus of claim 15, wherein the manifold is conposed of a bioinert
material . S 28. The apparatus of claim 15, wherein the manifold is
conposed of a bi oabsorbable material. Claim29. A nethod for treating a
wound haviaiig28. caviteyapphiaausrofictaid 16pwhereisi theg mapifslidtis compaged ofeaf fol d | ani na
adj acent a tissue lamna to forma lamnate in fluid conmunication with the
tissue | anbieabsorbabls mgterigk | aminate into a generally cylindrical shape
having two end surfaces; positioning the scaffold within the cavity of the

wound t qoiR¥bde rRANGRd BF BSiHeS: WouddtRvIRUNGyitANHe RREJ RRipAging: Mani f ol d

in fluid communication wth the scaffold to provide reduced pressure to the
scaf f ol d | ami napaaitdnirge svaffold. laiginiadjagent aThssuataminedtodprne b amingtg in flyid her

conprising the step of covering .the scaffold and the manifold within the
wound with a subst arﬁoFHPWCQtWBgYIhE@BI% SRR to substantially maintain
the reduced preagfiH@hdManllhdte 16 a\WerdkallyEMdAES \shalRchadring the otEruff@des; C ai m
31. The nethod of claim 29, further conprising positioni rjg the mani fold

€

adj acent one ofposiioningdhe seaffebbwithin thteavity f ths wound to PEeddEHHeATY EeSIEN
W t n edge of the scaffald,lamina. Caim32. The nethod of claim 29,
3 1Siingt

furthier conprising pt8 he scaffold lamna in fluid conmuni cation

with an end porgdsitivonig 4 anigslafid Ahid doatuiicatioh adeithe sdufokdhed provitie extuodd t he
rolled lam nate. Claim33. The nethod of claim 29, wherein the tissue

| ami na conpri ses adi[gessure todhg seatfolddamimaand thewawidhod of cl ai m 33, wherein
the adi pose tissue is derived fromlipoaspirate.

Claim 30. The method of claim 29, further comprising the step of covering the scaffold
and the manifold within the wound with a substantially impermeable material to
15 substantially maintain the reduced pressure within the wound when provided by the

manifold.

Claim 31. The method of claim 29, further comprising positioning the manifold adjacent
one of the end surfaces of the scaffold in fluid communication with an edge of the scaffold

lamina.

20 Claim 32. The method of claim 29, further comprising positioning the scaffold lamina in
fluid communication with an end portion of the scaffold lamina adjacent the end portion of

the rolled laminate.

Claim 33. The method of claim 29, wherein the tissue lamina comprises adipose tissue.
Claim 34. The method of claim 33, wherein the adipose tissue is derived from

25 lipoaspirate.
Claim 35. The method of claim 29, wherein the tissue lamina comprises allograft,

autograft or xenograft tissue.
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Claim 35. The nethod of claim?29, wherein the tissue |amna conprises
allograft, autograft or xenograft tissue.Claim36. A nethod for bulking a
ti ssue siWO,2010E8H8Bt hod conpri sing: positioning a scaff 8CA/USAMOMEI7a8| acent
a tissue lamna to forma lamnate in fluid comunication with the tissue
| ami na; €Bim3Rg t hA methedor bulkingy Bssye pids, shd metbgd corplisag: shape havi ng two
end surfaces; positionin scaffold wthin g tjssue si (0] oyi de
reduced pressur@os%ttl)o e |a}s‘f§§1elarsnln%ae%aj%8¥sl\q 31 SHS %gméa r?af?l)l 3ﬁ%‘£§1ﬁ£eflflwul
comuni cation w th t#gnaeaititdnowitiothertdviclemiguced pressure to the scaffold
| am na and the tissue site. Claim37. The nethod of_ claim 36, further
conpri si ng t he Wil e layipaleing agsaergiyeylindgicalrbapnlavingivwosnd switeessn t he
wounds with a s : | ' 3 : j : ' intain
the reduced pr e el FREVARANE (IR ER B phomioB Rk BT bR R 21
Cl ai m 38. The net hodtisshie sitgi m 36, further conprising positioning the

mani fol d adj acent . one of the end _surfaces of, the scaff in fluid

comuni cat i on vmsw%ngew@n@?lﬁtm@ugdc%ﬂ%wcqt@ﬁmﬁ%t s %ﬁﬂ%@ Propide seduredt of
claim 36, further cogRidsd dhPOSIIPRIA ddensqal,tekd lamna in fluid
conmuni cation with gé\%erllld port?%n of tﬁe scaffo?sd ' am na adj acent the end

portion of the rolled lam nate. C aim40. The nethod of claim 36, wherein
t he ti ssGlihdi na Thampeihodof aldimdécfurtherseomprising the step of qwsring theogaldsldc| ai m

40, erein e adi. e.tissue is,derived froml.ipoaspirate. .CGl.aim42. The
nonlhoor Bnd e SRR Sbi e ffo S8 T E Ty iReRagh et
autogr aft gubsteitiady afdinthingbe!fduced pressure within the tissue site when provided by the

manifold.

Claim 38. The method of claim 36, further comprising positioning the manifold adjacent
one of the end surfaces of the scaffold in fluid communication with an edge of the scaffold

15 lamina.

Claim 39. The method of claim 36, further comprising positioning the scaffold lamina in
fluid communication with an end portion of the scaffold lamina adjacent the end portion of

the rolled laminate.

Claim 40. The method of claim 36, wherein the tissue lamina comprises adipose tissue.
20  Claim 41. The method of claim 40, wherein the adipose tissue is derived from
lipoaspirate.
Claim 42. The method of claim 36, wherein the tissue lamina comprises allogratft,

autograft or xenograft tissue.
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