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1. Field of the Invention
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[0002] The present application relates generally to tissue engineering and in particular
to systems and scaffolds suitable for use in treatment of tissue.
2. Description of Related Art
20

[0003] Clinical studies and practice have shown that providing a reduced pressure in
proximity to a tissue site augments and accelerates the growth of new tissue at the tissue site.
The applications of this phenomenon are numerous, but application of reduced pressure has
been particularly successful in treating wounds. This treatment (frequently referred to in the

99 &<,

25 medical community as “negative pressure wound therapy,” “reduced pressure therapy,” or
“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.

30  The porous pad often is incorporated into a dressing having other components that facilitate
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., W0O08/091521,
WO007/092397, WO07/196590, WO07/106594. The adequacy of current scaffolds for reduced
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pressure treatment can be evaluated in light of current knowledge of 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 5 regards to the early phases
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colonization. To date nearly all scaffolds have been designed with the idea that they can be
made to work with in situ biology. Traditional scaffolding technologies, however, rely on the
25  passive influx of endogenous proteins, cytokines, growth factors, and cells into 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
30  formation of a fibrous capsule around the implant. Taken together, these complications can all
lead to 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.



10facilitating growth of tissue at a tissue site of a patient is provided that includes a source of reduced

pressure for supplying reduced pressure, a scaffold adaptable for implantation at the tissue site, where
the scaffold provides a structural matrix for the growth of the tissue and has a luminal surface, a gel or
liquid composition deposed on at least a portion of the luminal surface, where the gel or liquid

composition is adapted to include micr bl manifold 15adjacent the scaffold, where the
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[0010] In a further embodiment, a method of providing reduced pressure therapy and
facilitating growth of tissue at a tissue site of a patient is provided that includes implanting a
20  scaffold at the tissue site, where the scaffold provides a structural matrix for the growth of the
tissue and comprises a gel or liquid composition on a luminal surface, where the gel or liquid
composition is adapted to include microbubbles, applying reduced pressure to the scaffold,
and disrupting a substantial portion of the microbubbles to induce fluid flow to the scaffold.
[0011] In an additional embodiment, an apparatus for providing reduced pressure
25  therapy and facilitating growth of tissue at a tissue site of a patient is provided that includes a
scaffold adaptable for implantation at the tissue site, where the scaffold provides a structural
matrix for the growth of the tissue and comprises a slowly degradable material, and a quickly
degradable material, the quickly degradable material degrading faster than the slowly
degradable material to form channels in the scaffold for the transfer of a fluid, and a manifold
30 for providing reduced pressure to the scaffold, where the channels provide fluid
communication between the manifold and the tissue site.
[0012] In a further embodiment, a system for coupling nerve tissue and a microchip
assembly is provided that includes a source of reduced pressure, a biocompatible conduit

adaptable for disposing adjacent nerve tissue, where the conduit is fluidly coupled to the
3



10[0015] FIG. IA is a cross-section view of the system of FIG. 1 taken on the line 1A- 1A; [0016] FIGS.
2A-2C shows the scaffold in the system of FIG. 1 at different points in time; [0017] FIG. 3isa
cross-sectional view of a reduced pressure therapy apparatus in 15accordance with an illustrative
embodiment; [0018] FIG. 3A is a cross-sectional view of the apparatus of FIG. 3 taken on the line

3A-3A; and 019] F|G. 4 is an illustrative embodiment of a system for connecting nerve tissue with

amicroclin?blr ggg[epr%eéff}. pj=w:Nih f)@gffﬁﬁglﬁﬁﬂ% 15g° E‘ﬁ%’ﬁ “EtM’é@%I [0020] In

the followhessoetfiitenl thesoniptioofat duedd ysiaiive faciitadimaotstr efateneavs tisgettoofigably

acLomp%rgxirrge%tcirat ings that form a i\g hereof. These embodiments are 25described in sufficient
abie th )
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embodiments nj@§18¢ Otiimecbimutsifedtiogicahdtadetmtagenef irnitadtratbeivathodimeatewiital changes
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to egabk!:-) those et m‘%ﬁ% ra%e Snﬁrea(?titﬁeg é{gv(vam So%}(rjné?t][ :ﬁ %ggﬁﬁ)rgglﬂgilﬁﬁ{fl Lf‘“gescription may
omit certain information known to those 30skilled in the art. The following detailed description is,
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10 [0015] FIG. 1A is a cross-section view of the system of FIG. 1 taken on the line 1A-
1A;
[0016] FIGS. 2A-2C shows the scaffold in the system of FIG. 1 at different points in
time;
[0017] FIG. 3 is a cross-sectional view of a reduced pressure therapy apparatus in
15  accordance with an illustrative embodiment;
[0018] FIG. 3A is a cross-sectional view of the apparatus of FIG. 3 taken on the line
3A-3A; and
[0019] FIG. 4 is an illustrative embodiment of a system for connecting nerve tissue
with a microchip assembly.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] In the following detailed description of the illustrative embodiments, reference
is made to the accompanying drawings that form a part hereof. These embodiments are
25 described in sufficient detail to enable those skilled in the art to practice the invention, and it is
understood that other embodiments may be utilized and that logical structural, mechanical,
electrical, and chemical changes may be made without departing from the spirit or scope of the
invention. To avoid detail not necessary to enable those skilled in the art to practice the
embodiments described herein, the description may omit certain information known to those
30  skilled in the art. The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the illustrative embodiments are defined only by the appended claims.
[0021] Referring to FIGS. 1 and 2A-2C, a reduced pressure therapy system 100 for
applying reduced pressure to a tissue site 102 of a patient 103 includes a reduced pressure

source 106 that supplies reduced pressure, a manifold 108 fluidly coupled to the pressure
4



source 106 via a conduit 110, and a scaffold 112 in fluid communication with the manifold 108. In this
example, the tissue site 102 is a bone 104 having a wound 105 that is a gap in the diaphysis of the
bone 104. The manifold 108 transfers the reduced pressure to the scaffold 112 that is implanted within
the wound 105 of the bone 104. The scaffold 112 may have a 5 variety of shapes depending on the
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20  gaseous phase transition, in response to a stimulus or catalyst. After the scaffold 112 is

implanted within the wound 105, the microbubbles 118 are disrupted as part of the therapy to

induce fluid flow from the intramedullary space 122, through the flow channel 124 and into

the scaffold 112 as identified by arrows 126.

[0023] FIGS. 2A to 2C show the scaffold 112 and the chemical substance 116 at three

25  different points in time. FIG. 2A shows the scaffold 112 and the chemical substance 116

disposed on the luminal surface 114 before the microbubbles 118 are formed and before the

induction of a gaseous phase transition. FIG. 2B shows the chemical substance 116 containing

the microbubbles 118 that were already formed when initially applied to the luminal surface

114, or were formed after application upon induction of a gaseous phase transition. The
30  microbubbles 118 may be formed by a variety of stimuli such as, for example, by utilizing a

chemical substance 116 that is responsive to high-frequency ultrasound and then exposing the

chemical substance 116 to such ultrasound frequencies to create the microbubbles either

before or after the chemical substance 116 is disposed on the luminal surface 114.

Microbubbles 118 may also be formed by other stimuli including, for example, heat provided
5



5 increase the size of pre-formed microbubbles 118 as described in WO 2006/12753. When the
microbubbles 118 are not pre-formed, the gaseous phase transition of the chemical substance 116
may be induced by a temperature increase resulting from implanting the scaffold 112 into the wound
105 which is at a higher body temperature. In some embodiments, the chemical substance 116 has a

composition that indyces the epus pha nsition at the body 10 temperature of the mammal
(e.q., 37%'1%} Xl}%%%ss)qqrnc%ﬂ?gﬁ %ﬁ%%&%eiﬁtgg 8155%3@683‘:8?[’%@/311&5 PP Y BrsiaRked by
sound watiesiatiattrasonic waves having a relatively low frequency within the range of about 20 kHz to
about 500 kHz le. The opti wavejength fqr any particular chemical substance 116 can
be determined @/@)ﬁ%%&é&%&%@%ﬁ? @H?tgfgepr %Efﬁggdolﬂﬁbeu%@ﬁ'ﬂl hg@at% Jd€eous phase
transitiorimplattetithindd tkel ceitsequzatirthontidies fntel scttfoth 1aDt ke rehfeld pdlacursiaigpubbles 118
may.be formed hy a gaseous compgnent of chejpical substance c for example,
perfﬁjor&ﬁlg{qetgﬁg t(*ébl BF z?é’&%‘%ﬁé%ﬁ%a‘%gg‘ Eéfégﬁ)c’ %@%ﬁé&bﬁé@ﬁ@%é-bﬁﬁm%m are
less thamubobtbbieph Sraiantgies-fimmedn the gasodimphise thasiticipbitilekeldiBArbgingen about
1umindi ter.and about 75 um in diameter. 20[0025]. Any biocompatible gas e ysed in the
formatio;1 %@nﬁ%’%?c% uﬁgglttég aﬁ BSE l%%bn%ﬁ?ﬁgééﬁs,uﬁ%éﬂ%é %ﬂ%&iﬁ%fﬁg{lﬁ%&ﬁ?éﬂt%ert gas
(e.g., heltlenwargdi 0Sevivnhois latyptigheatmdfucfiiperiderée . th, soutkiebaaftneidctheachempiignally
halogen llan ch as methylsila t dimethylsilane, a low molecular weight hydrocarbon such
as an all?g%%t%ggy%% %ﬁg?gl %g(}(%%ner%ﬁgﬁ Held%lgﬁs%e%%e&ugR?éagfaeﬁagﬂté?&gaetﬁlﬁ ed 1w molecular
weight 28 mypdratvaedithomamixili(e pf ARy Ofthddoragdin sthspencbedihedis)eiueegas used to
form the micr. 118 compyises fluorine.atoms, e.qg., bromochlorodifluoromethane,
chlorodiﬁ;l%%gqn?et %lﬁ)é,lgfgh oro |Hﬁ%§f£) g?hug%g,v oMb r#ﬁajl POt AT ARG 81 ﬁthSEf\ngane,
chloropefieafieney etithinethdicimgrooé b6 ddHane abbin 506 ki det kytangld UDio eiftitenea,

ety uoyde. sl eralsnacy b LNeIPSIhane 3030 perlpracatbors, o dperfuoropropane

perfluorobuta oropentanes. he ‘micro formed by mixing a

gas, or esperipmntatitmat Whntgasrahéthdy tdingecdionds withl ahegaphiphifitase mpaiticheaa seirfactant.
See; e.g; T.Patent Publication WO 2006/127853 an . Ratent Application Publication US
203%/0256f§8‘,1 ggﬁﬁeﬁkgﬁéﬁ%,%?gt%?gﬂgi,m@%ﬁlgg Q?r%esslfrdg%ég’ntl?ilr?etﬁlg%égjﬁ}i%}ﬁs%&% c8°116 used to
form thefariwdbylbigescti8amayaumprSthadiagieatsnipemoed bréesaohiinfiexahsiempounds.
Exampl ts include4lipids, includi tergls, hydrocarhons, fatt ids and

et B R . R R TR 1 g% DR agbine:
polyoxyetigyksa éhagbous tedq faityditoottets, laliphaticraboidienenislethe Dhigatbubtileatid aliphatic esters
and saltg, ly-(ethyleneoxy) ethanol; .nopylphenoxy poly(ethyleneoxy) ethanol,
hydroxy et y{%gt)e%rbc%?lgf? ro&%éierltsf%?%sé{aar%ﬁ) g%tlﬁggél r(lalsltnefg; é%(etrrans; dextran fatty acid esters; sorbitol,
sodfitol fatty aci@0@8lelsyybiatimpetibhs gisumanbe plsed phtipfdrotiainifghsurfiresbotbles 4.1 8ecithins

Tottsten B e G R G i e xenon
phosphatidgiseiinhs pHbsfhaiigedygeraiifuhespfiatidgthasitptocattiitipigsnspdisgamyetihs);
o\ S SRR ST i s
polyoxy&teaikense eviel kefatypmeitiarsadrstone, an ester, a halogenated low molecular weight
25  hydrocarbon, or a mixture of any of the foregoing. In some embodiments, the gas used to
form the microbubbles 118 comprises fluorine atoms, e.g., bromochlorodifluoromethane,
chlorodifluoromethane, dichlorodifluoromethane, bromotrifluoromethane,
chlorotrifluoromethane, chloropentafluoroethane, dichlorotetrafluoroethane,
chlorotrifluoroethylene, fluoroethylene, ethylfluoride, sulfur hexafluoride, 1,1-difluoroethane
30  and perfluorocarbons, e.g., perfluoropropane, perfluorobutanes and perfluoropentanes.
[0026] The microbubbles 118 may be formed by mixing a gas, or a compound that is a
gas at body temperature, with an amphiphilic compound or a surfactant. See, e.g., PCT Patent

Publication WO 2006/127853 and U.S. Patent Application Publication US 2005/0260189,

both incorporated by reference. The surfactant in the chemical substance 116 used to form the
6



15glycerol polyethylene glycol oxystearate, glycerol polyethylene glycol ricinoleate, ethoxylated
soybean sterols, ethoxylated castor oils, and the hydrogenated derivatives thereof; cholesterol; anionic
surfactants. In some embodiments, the amphiphilic substance is a block copolymer, for example
(poly(ethylene oxide)-block-poly(L-lactide)) (PEG-PLLA), poly(ethylene oxide)-

or Pluronic P-105, In addition to the surfactant(s), other agents 20 may be

block-poly(caprolactone))

incorporan\gecéo\?\)/l(i%|§r1:ét¢‘ni¢=1ie QUL UL SHRELE SRBIRAERORA ComRRinafiongf 9ompeRdinclude
conventiBrayiesaditsefiddificfistrdmtiaiclsdelipdsphesatiatestufiorh plotags SR YaRtiaaal and
biocompatible buffers or pH adjusting agents such as acjds or bases, osmotic agents (to provide
isotonici ﬁrhvﬁt)‘é’%sF‘nnéﬁ%?ﬁy?si‘?ﬂﬁy%‘gﬂé@?@fx %6%??#@6% bz%ﬁﬁsaﬂﬂ’émgﬁﬁ chemical substance
116 mayphlyirerpcopypeiss po R hyetstlvrcagagirwital; ity ak-chstningshuitimine srigebubbles 118,
whege the bioactive agent s relegsed when the microbupbles 118 are disrupted. The microbubbles
118§ma§1 g%c%%%lﬁlg%%ﬁ%pé%}fcﬁ%g%ﬁ% £ 9@%&%&%‘#’6%4)8?@188 Eﬁﬁ@é’r@d’lﬁﬁ%}weﬁh‘@}?ﬂéraw wherein
the microboylplesd4Bmiy @thlptecas ethanohégdeloneinynasecchaidrbbedigactivehoaaptmay also
be preseerg% \fvsi_t inx%paené:,h erir(:aI iébstaléce t116} ou%%% of he?mijé:mbUb les 118, such as in 30solution
or encapsuiated I micelias of the saHaCEiRVREIdh SOLBR Y a7 seirtssedq @t seB g wo
2006/1231858)ins) phosphehideionesitsinthenjfactive(agentcatansdplibipliatatydcaones, factor.

Nonlimiting examples of, useful bigactive growth factors fo ious applications are growth hormone
(GH), a g?c?ﬁ “r%8?ﬁp‘i’?b°gs ha H%?g?g’i%e(ém%ﬁﬂ%éb%ﬂﬁ%‘ 15&4br-a (TGF-a), a TGF-f3, a
fibidblastisteanviilphosphéFGHghglmey ey plosipimtidifisoidatisie iphttidiEetGaiolamines,
granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor (EGF), platelet
derived Cgfrlgéﬁ%a%g%re i%ﬁ@é@?%égﬁﬂnyl|§§‘§%}@vﬁpﬁé’éﬁ¥;ﬂﬂ§é§wﬁ§§%ﬁ|§?gﬂ?ﬂ&ﬁ§ﬁaI growth factor
(VEGF) shipgtouyedigrh wihnifatitosistattentiaatch sitfySkycthylitetelyorypropsidnecrosis factor-a
(TNF-a) orn rowthjactor. 5 (NGF). . [0028] FIG. 2C. shows the scaffold 112 and the chemical
substance’l ?é){l a%ﬁgéretﬁgéingﬁlsr%}%csi‘erqa f(gzlgtg’t%lp Bg’f]ﬁgl?%g?g%fgtﬁ%%fgfj 1By et hey
rupture steetiteny®lyofacithatent futtfialcaltetiens ptagoaydtiglatedwsrbRantfuaygbithedeyy channel
124.and ' bstance 116 into the scaffold 1 escriped.abqve, The microbubbles 118
maﬁ; 10 %:ig %ﬁ%:leug%&? %%lfgr{/ea ?gfyot?g‘%ne&ﬁ%%ﬂ S ,r?opéf/g%ﬁﬁg{l%g&&%@%o frisnsihas s 118 to
high fregoppean sheadsatobhlalztg adsteruéiscynid thehatrggeafiebaleril s thaboichddkigrdDisruption

oo R R R R oo
describdararemplachaditeindtngesieidiack foiw(Brddigie)) (REGIBANY, pth(athildict fixaddiom the
o R st AR Ao
prébetemaindd ipoptiperatetheitoafbidagi2ous pither ehibochemictd, stiserioadllBo\gisieapanced by
o ngdUg TSRl A SEMERII, 3RER SN BESRAD BRIRRI 15 gpold 112 to create
conventional biocompatible buffers or pH adjusting agents such as acids or bases, osmotic
agents (to provide isotonicity, hyperosmolarity, or hyposmolarity).
[0027] In some embodiments, the chemical substance 116 may further comprise a
25  bioactive agent which may be contained within the microbubbles 118, where the bioactive
agent is released when the microbubbles 118 are disrupted. The microbubbles 118 may
encapsulate the bioactive agent which can be released depending on the therapy wherein the
microbubbles 118 are disrupted as described below in more detail. The bioactive agent may
also be present within the chemical substance 116 outside of the microbubbles 118, such as in
30 solution or encapsulated in micelles of the surfactant, where the agent is slowly released (See,
e.g., WO 2006/127853). In some embodiments, the bioactive agent is an antibiotic or a
growth factor. Nonlimiting examples of useful bioactive growth factors for various

applications are growth hormone (GH), a bone morphogenetic protein (BMP), transforming

growth factor-o. (TGF-a), a TGF-B, a fibroblast growth factor (FGF), granulocyte-colony
7



20126. [0029] The term "scaffold" as used herein refers to a substance that provides a structural
matrix for the growth of cells and/or the formation of tissue. A scaffold is often a three dimensional
porous structure that may be infused with, coated with, or comprised of cells, growth factors,
extracellular matrix components, nutrients, integrins, or other substances 25 to promote cell growth. A
scaffold can ke on char t§§§ ics of almani;old b irecti%ﬂgwlhr ugh the matrix. The scaffold 112
may hav SRR BFah LRSS R 5 S e bRt PR BSOS R R s
conduit izhideatetdavagk facain@ o)y plittssd&iv ek gfoplth shave (POSRY adukidRRe ghewiin U.S.
Provisional P Applications,61/142,053 and 61/1 . The scaffold 112 can be used in any
tissue er%%oer rlng)ag%%lgﬁroﬁnﬁloi{’%lé I?@@’%‘e%&'fﬁrf{fﬁgﬁgegf’@&t%w.e %Wﬁgﬁ?fﬂég%{?’éruseful for
examplefafvoreGHaE)nanl dmgrimdéng tomth nedasiiekictoreg EINIRGY Or asrelisgrssedfiatdrS Provisional
Pat%nt Wﬁ tion 61/142,053. [0030] Nonlimiting examples of suitable scaffold 112 materials
include extracéllular matrix proteins such as fibrin, collagen, or fibronectin, and synthetic or naturally
occurring poly {8628]iFtEdashivebter baiffeldrindramichbshehabid publtares] s6lafiabpwlylactic acid

(PLA), palyalycalic acid (PGA), polylactide-co-glycolide (PLGA), polyvinylpyrrolidone

polycap r%]l}ét%%%%,top% ﬁ/%é}blclti)sna @s#%%}#?u%gfg%g% %jS%at@ ﬁésﬁﬁ%ﬁé%ﬁéﬁ%%ﬁfé’é@@ﬁ%ﬂbes
(includinfpalgieths delgw calctprasatgidie | tha drebwe 326 thnyaghrtridlasidhanpelydasad yhety rate,
polyhydrgxyvalerate, polydioxanone, polyor. thers, pglyethylene glycols, poloxamers,
polyphog%ﬁygéﬁgg,g%g?féﬁﬁé ﬁé%né?}epso‘i?/}ggﬂ%t#]%?gcﬁaé‘? E)%%stﬁ Oélgteﬂ?eplgwéglé‘&@s i3 may
pobftyarealispiated byolywarithaotstipaly ancilate Sorthyteple; tin pkposingelrolyinetabbidsotherecy!
substituted, cgllulose acetates derivatives thereof, polystyrenes, polyyjayl chloride, vinyl
fluoride,Elﬁ%lily%fer%}frrﬁ%efzcﬂ%s,ogﬁ orosun hao%g\ Snﬁglilrbf}éﬁﬁ%‘%%%%%ﬁg%}ggﬁ?d%,%%\ﬁﬁ%mcohol,
Teflon(rDisyarbge st telatiosytarbbleylbl8 divetscaffaithid thahe cdsmicahypbiseueerdngichasuch as
hydroxy?po%ti(ti%, CO{rzflclygee aarti%efocra{lpi%m 8hosghate, Ct%' ium SLi|fatF, calcium carbopate or, other
carbona es,lblo%?ass, aﬂfograﬁs, au ouglrgffs,ofg raits, ae%‘é’ﬂuﬁasﬁzé’a“ﬁ@ﬁ%%%es % f)l e of any of
the abowe eihgaeiig fhrid fhive disiestsi bk aboatfdiet il thg drothr isasas! Agidnt] po lstacliqadithid L A),
polalycgli id. (PGA), palylactide: 15 co-glygolide (PLGA), a polyurethang, a polysacchatide, an
hy(iﬁ)xygéglt%g%)%%%ug Y% Oéércy?{aor% g ‘f/c%‘f.“ﬂ\%zﬁ%nqéhé? eeescr%?%fagf{ @gnfggﬁ%ﬂsﬁgﬁ%gﬁons of
any twogcthrbecantmiled jaterietstritingrthe seiperbobldesdd Sidhiffaaffopdtibas of denchineital

noncov or lently combined (e.9., copolymers such as_a pol oxide-polypropylene
glycol bloc gg%% ymg)sﬁg%égeﬁggyl}%‘g%é{ Tgé)ﬁ r?r{wlé %? oﬁflé)rneg Sifg%eﬁ:o){réea{:ﬁzx riﬁl}i?élﬁegls are 20
discussethhedionentsdistetiviebflovEissdelic2d 05, disrd Bialtheami @0bdbbles [DB3sgRefdatizg now to

FIG. 3, anothe L#{)di ent of a reduced hera stem 300 having compongepts similar to
the red%&%r‘%@? eoﬂwy;sre %eg%éfﬁnﬂiéﬁa%fg S i(/)lfv%n{%g/r%%é%gﬁ ok r%%(}ilcan r%%?gr%%gsﬁuf‘fg?gduced
préfsurd ystem 300 comprises a scaffold 312 in fluid communication with the manifold 108 having alll

the characterisj ﬁ e scaffald 5 described aboye including, withqut limitatjon, a single lumen
or flow channeﬁg% %Fn%%ﬁu?ﬁﬁ\]fgzlir gélgeéll .r‘?lﬁléﬁ}tjer%slﬁ% Sur Jggag&aﬁgy ‘é]fi%s ée coated with a
chemicaitegbaiameatist dofnibe growth) cheebimngd/ onithe froltien dBtasude sersbatiod iseftdihe scaffold

312 ma¥hll') f fr [ rbable materials that degr at different rates to further.enhance
fluid flow tﬁ?o%%%%élg%pﬁ?ﬁ) (? %Si%%lggrree@g{%m%?g , éns%%%%a%? %8(%{#11%8 rp??r%n é’rrillflefirc()) rfn a first 30
materiakelstenewtiufaciateriex 828 indrmayrbecdapamalicratdeatscntemtinsaterihthatibkaiackes more

dep e e e A R A S T R S
materiatiz28gh syehnataisricBhedéafthbd folthrodntetvaramalrB39 of shapes including, for example, a
substantially cylindrical shape such as a conduit fabricated for generating nerve fibers. An
example of such a scaffold is described in U.S. Provisional Patent Applications 61/142,053
and 61/142,065. The scaffold 112 can be used in any tissue engineering application that could
30  benefit from directed flow. Such scaffolds are useful for example, for encouraging long bone
growth or for nerve regeneration, as discussed in U.S. Provisional Patent Application
61/142,053.
[0030] Nonlimiting examples of suitable scaffold 112 materials include extracellular

matrix proteins such as fibrin, collagen, or fibronectin, and synthetic or naturally occurring
8



extending generally radially from the luminal surface 314 to the manifold 108. When the channel 330
of material degrades after the scaffold 312 is implanted within the wound 105, channel passages 332
are fotmed through the scaffold 312 to further facilitate the flow of fluids from the intramedullary space
122, through the flow channel 324, and into and through the scaffold 312. 5[0032] The second material

may also he formed jn pockets.334 dispersed throughqut the structural material 328 of the scaffold
1 eI B R e P LR R o P OHAE Lnannels 330
of degra(Rling, pelteglstalilacid ( RIBanagolalaatitliere piyaikdy D Giagdpisl panjlpgiielideiib, the channels
330. Wher‘l the pac ets 334 of dbeoq{a,[dable n}ﬁﬁgriaLdegra%j after the ﬁaffo d 312 is implanted within
the wouRd 1B, pores ToPheE %rhowahf%tr%o%gr A Ih e BRI AT SnReY AR KIsE, Rody Sagy tb more
fluids an@iothydiogidizipassdges, teafcitihealfdaiit] tenfluibifisanin lndiiioni¢adshe channel passages 332

from the intramedullary space 122 to the manjfold 108. 0033] As jndicated above, when the
scaffold %@ﬁnalrrgx zL)H Ele%’ %oeilyw ang }%égeéar%’ uocg‘ﬁ%)%% TeP %%h%ﬁﬁ%ﬂﬁﬂ&ﬁ&ﬁ%fold 108,
reducedgbyesisy pelgraaiers spidypiosphgre s  pelgealfifnd el k2 fobyartiroi atids) @ditaticpaes, 122 of the
bone 10401ihr g%?sth%lﬂgw channlel( 324 z:1md t;he channFIapaﬁs? estg to faciljtate the flow of fluids for
deliveri éal(%s anatheneficia ?o otem e.}éju.,egrgl\}vet% 12X o%ya%g(%sﬁug Spé‘fl"élrlgf ?ﬁg}a&ﬁ?i}'ﬁ%?f%ithin
the fluiddndoother scatfaltistit@ed sdliel grecketatds dndf dieyaitiab|thenadErinll gispeives, hyvaigs in the
structur aterial 328 of the ffold 312 absqrb the fluid from the intramedullary space 122
20acce|%llr1211 fﬁ‘?bgﬂ?&i%ﬁg P(??%T?Rhlcn Iﬁcr)]ildgﬁ “1t%Endy %O@%nﬁa%érﬁgggqﬁwgﬁ € BS@WHethe
stri@turaixidateokiaagl atmhiot Teflond) hpdseghs g3dimayrhknylparhatsieaffidtiklGfonattsial after

degradaéié)n I‘Il vin erme%bilitH %elected contrﬂl the rattl?era‘tf g@/hich the scilaffold ?12 absorbs such
erfa

fluids. In other embo |%ﬁse?11%§’, e poresin ﬁ%leeétcrﬁ{:atulr% ¥ mqug sa‘ﬁ%sct%\ﬁﬂlﬁ}y void, and

the charsmbhzasshyes 88bonate alsothe sathetzattiallyioglcsaiagrafis, tauRidtafisex andppafte the flow of

fuid thronal g pRaIpgdd SAOMINIRS JFARAIOEhove [BORIMAGEGIEARG a0diissue
engineering can benetfit from chanding flow patterns as healing or tissue proé’uc lon/rémodeling

proceedssafiotth&t 2 cloopinsg ot pldageniptilglactadfaditl PR A tigetyticedqid $REQE)s Riglactideause flow

through the d decrease aver time.if no flow adjustments are made, Thus, therapy for
et IR eo (LG S TRRRNEL a0 BRI MRS B SEa el iR, o
healing, 8lEcoheAbbitimigl [y ethermsfiold du yam flampriat coribinas dosddisly tepaihfeays tmoseeks), and
remodelpg e ITdRTIPIRR L8l Yo (9 ROS SIGERUPHIG PRARLILITO the provision of
an agent that encourages Hemostasis (e.g., pia eeg-ac iVating factor, PAEY Gy If that agent were
providegavhlsntheedimpifist Gugnrepdyt)can sualaich pol yethybmefiwiad ¢t pollyppopyldedighpya after the

i i X T
3120mayliseusssd dre dofr enamplayidty afdBlssetdb18 103 tenidSaltgriumg 280they degrade more slowly than
foace SO PRERAHRAIG NS R16. 1RO E ARG U1 HASLIpRRIEE Betafy oo not
system 300 having components similar to the reduced pressure therapy system 100 as shown
by common numeric references. The reduced pressure system 300 comprises a scaffold 312 in
fluid communication with the manifold 108 having all the characteristics of the scaffold 112
25  described above including, without limitation, a single lumen or flow channel 324 having a
luminal surface 314. The luminal surface 314 may also be coated with a chemical substance
116 (not shown) containing microbubbles 118 as described above. The scaffold 312 may be
formed from bioabsorbable materials that degrade at different rates to further enhance fluid
flow through the scaffold 312. For example, the scaffold may be formed primarily from a first
30  material or structural material 328 that may be degradable and a second material that degrades
more quickly than the first material, i.e., degradable material such as, for example, a
hydrocolloid that degrades in less than a day or two. The second material that degrades more

quickly than the structural material 328 may be fabricated in the form of a channel 330

extending generally radially from the luminal surface 314 to the manifold 108. When the
9



completely for sixty days, while the channels 330 and/or pockets 334 of degradable material may
degrade fully over a lime period less than sixty days down to a day. The structural material 328 may be
a biocompatible material that essentially does not degrade, such as metals or polyetheretherketone
(PEEK). In some embodiments, the scaffold 312 is formed of 1OStructuraI material 328 that is already

porous in addr Is 330 rad at rial Sﬂ?fi&% e porous
structuraﬁ hater qg‘ﬁg}%gcnﬁera? 51 i agﬁg %c%\%f%tlsqlﬁiubsnl Tééz alternate
passageshﬁmﬂh@afbsagesﬂt@medbmnﬂ ct]nmmghltpaseaﬁelﬁ 332 itr)m:mmﬁ ﬂmﬂgeté ﬂtdaﬂmkeﬂ The porous
structural material .avera een abput 5 mlc s, Ino
embodlrifrllen i}ées ru&ng)ré{m Aeri %;%IS no?lr% é\(\( g%cﬁeéubegﬁ St rtrgf) (ﬁlerﬁ bIe
materralﬂnemﬁhhirﬁﬂs 330 and pockets 334 serve to commence flow through the scaffold 312. The
sca oId 312m nufacture 2 variet rocesses as I the s cted . material
mcludrng for ei‘y Orgg}q%gsegonﬁ[)cesses g rofarfet toea? oveand ﬂf 33 f% ﬁﬁteésg é‘&h’ﬁ’t

freeze- dtlw'@rtphaaemquaﬂﬁdﬂ wﬁdwmgffdﬂdr%lboﬂl‘ﬁmgonbﬂw%mrf tibgrsj abviéanmerigl %50036] In

some e rada le material of th d cke 4 co rls
hydroc é&%ﬂ F 0se c%rrhn?rsrng?aﬁrlra y?ogc@r]é]nfeése a%rpﬁrgg%erh% %‘t;é‘%}% EP gﬁ%ceharrde
Suitableatheiﬁiba&m m@WMpm@rkanobmudmm&Mﬂ&MhmgﬁmeiBm ciikashgpiekbygd Bk péthyl

Ce"mosed%fda@f% XY~ @gp&)é/lrrgr({et%c Iulosef&eilg,l%hltc%%a {)\gm tll}lo e}ectr &g;))ﬁsrgsnked

dextran arfd starc acrylonrtr S graft 75 copolymer. sta i polyacrylate und 4P ROFEs thereof
Sult&ble(natulmhp@lmﬁnﬂm«hwﬁmdudam@lmatana:l azmthatsahsa,hserm nsyrgdlacddemalinans such as

than Kk bI ac d its salts,
crarched B A SR e PR S0,
polyethylehmghnoeds Bary mﬁypriﬂi}dembegimfslqaw,&ners of methyl vrnyl ether and maleic acid and
derivatiyes; 30 @BQT@S%L E’ﬁ’&m'{d8 098|¥ver}h1¥l MC?ASB ﬁol% c}ﬁ ne. H%:OIS ﬁt%}ll &rfd/or

ammonium sal olyacrylic aci and’/or S ¢ Copolymers: rmietal or ammonium salts of polystyrene
sulfonic wdiasedrmtesintaie spptirdchroufhOb? iTdmefoldgl8laletbiced tpréabaktpeadizatdsvdBfoaghl the

porkets 34, A5 P} 84t HUMALTRNRIRL 328 i sytent degmiables gy uther ompprise

bioactive agent, such as an antibiotiC or a gro or, including t ose B AP REOTERT some
em bodrrﬁ%mld)ﬁhh@lsuafébmmwﬁélmfmelﬁﬁeﬂmﬂdww ﬁuuise(tsr%livann,geiéﬂrsame structural

materlalb%ﬁgﬂ]g&hrﬁatenast %p[h arq inc gjﬁleu Ertrorﬁt %ﬁ)[%ﬁ; ({j ada%gl ﬂﬂ? 1#al such

as, for example egra erent 1a es erns o ow for 5
deposititltg sefEadd rfeléas‘hrsghmq»ackve é@é n@mmﬂmblﬁetmﬂmabdlmﬂtwnlﬂemestheth@y being

adminls é@%&f%@&?ﬁ;&%&?ﬁ igt%napiezt 0.5 atheqéﬁlﬁ%ﬁ clo st 0 6It£1ne )§S|s o}lg%e bone

104 may orme egrades taster than anners. n?er of the scaffold
3120t0 aeesisheratiang @Qiht@&@l@lﬁﬂﬁ@mﬂé@t&@nﬁddérbbylaeb@léddtmﬂwsm|ﬂg1tﬂ1ﬂ11eovesunnd1&05.

10[0038} A indiGARE AP3YE MPUICREANG AT IS SRS PG RGN O naterial
after degradation having a permeability selected to control the rate at which the scaffold 312
absorbs such fluids. In other embodiments, the pores in the structural material 328 may be
substantially void, and the channel passages 332 may also be substantially void or narrow, to

25  further enhance the flow of fluid through the scaffold 312 and into the manifold 108.

[0034] Wound healing and tissue engineering can benefit from changing flow patterns

as healing or tissue production/remodeling proceeds. Further, clogging of pores in the scaffold
312 and the channel passages 332 can cause flow through the scaffold 312 to decrease over
time if no flow adjustments are made. Thus, therapy for treating the wound 105 can change

30 overtime. For example, based on the sequential stages of healing, i.e., hemostasis (seconds to
hours), inflammation (hours to days), repair (days to weeks), and remodeling (weeks to
months), a fresh wound (e.g., post surgery) would benefit from the provision of an agent that
encourages hemostasis (e.g., platelet-activating factor, PAF) only if that agent were provided

when healing first commenced, and would not be beneficial if only provided days after the
10



changing flow patterns as healing or tissue production/remodeling proceeds. Clogging of the pores in
the scaffold 312 and the channel passages 332 can cause fluid flow through the scaffolding 312 to
decrease over time if no flow adjustments are made. Consequently, the scaffold 312 may also include
reduced pressure chambers 340 that when punctured or ruptured 15stimulate the flow of fluids and
proteins an deswedd%at ways 341 toward a central reduced pressure source sﬂg& S the manlfold
108. These BV Als CramBsrlzaB s RS e O SRR A ReIRlnE &t E el
eII|pt|caI,b&mqbnmal@rrbmpfmaﬂu@tbaidsdaﬂardhay thevesnbient pressure within the scaffold 312 The

ressure is su th|n the I champe SO th tth bers 34Q further
ﬁlduce fluid flovxtﬁ fkr%gly’tug rame&uWa%g% g&‘éi‘”’rﬁf’dﬁéﬁ% % 2380 and
through dfdsgmﬂatde&ﬁﬁtwhﬂmdhbngasrrt]hey&lagﬁgu plture slodlgnkin ﬂfi&&mﬂetessg r:t)’efctha:cm b:etrstB?IO y
are @lso ysef run ores in the sc assages o facilitate flui
flowgthroélg%ta#ue%qsc a?)sng d‘bé}%gﬁ §HI9 %ﬁ%&£§§€gﬁgﬁ% FeLt g the wound
105. 25f00B]cEtlg fooundy]sﬂlﬁ/ma&tibetha ohgm;emnefanwwpbchstaa‘mmﬂrmgtadatedmmtamthm any
tissue site 10(; m% but no 1Illnrgltedt gst)sn tlss.u?gl y? etlssue mu htlssue eural tissue,
dermal theadie Chaculs |ssue ACONREEHvE |ssu §8 god'rq@'am S IE&“@ mple, the
wound 16&tegal |312&Jnieybbrrm§71meHBmemdsalahms¢exmmmnﬂdss ntﬁetegmaummlcas/mmds, and

chronic gpen wa ( ay also b tls ue th ess mjured or
defectedpg b%t?’ iifere(fhls g%“g}%i %élgfrf?ltg/?s grsrllre%) (Iﬁit eﬁl%l %@%ﬁ% 08?8 ional tissue,
sudif as Homsuisboratdrod 828 hates chadyppressiradidition tosthtnohahmBy30e asbdripookeain tissue
areas togy Itlss at may. pe harves trans nother tis location. The
tissue site {85%(3%&% 801 s% inc edle513| erg1 %O/FBIHRIO{ %u%rsl %ﬁ\llrl%omrﬁ%teln eﬁ&egj@ G %ﬁ‘éf«%&éﬂiﬁ"& exogenous
grafts, andomdpmwmmﬁﬁidrﬁamehmemdmmmnmmlpasmgttﬁqnalﬂuerﬂdlﬂ?.f heppriani103 may
be any moyse. t, rabbit, cat d g,-Qr primate |nc uding hum [0040] In
the contrggm gsgéé BRI ?%lo?lc%ﬁle tgr [rae u(‘1 3 prgesg%lr Orglrltse?a l[re epr%l ter1a%%e358816?,% that is less
than theruresievirpgassinsiat hdfvewe siteutH amdsﬁbtbntmdomstrﬁanﬂmnmﬁbmmnsmsaﬂ&s this reduced
pressure .atmospheric pr surew ere the atient is Jqcated, Although the terms
vzlijs uum’ an@%gggﬁ%vegpégslﬁPg?ﬁtgro%eagl(?%eto st e%E)rease r2r1gaat%p edef F %fsue site, the
actual prdssnsdsS3liedl tpodietsadessite mmaqpbmgmﬁhmtﬂlyrgughtmetkrmffdié presditre scaffoldly
associat QvaCHIM, Congsistent with this nomencl tu creas |n educed
pressuregg% vﬁ&%%{gﬁegéﬁtr%r?e#ey r$18" to§ O? efve rsait %aori a so e rti)?(re]tsesurpe While a decrease
in reducettkurbsgufer@v(mmlmnhmemesseteﬁdmal tolabivecinndefasthafiabaling satekaohingeduced
pressur t y li reduced Ssun at.-5 mm Hg to more usually -5 to
300 s P A L S mA e e S Ry Bofbamg B Yo o0 i

20 [0036] In some embodiments, the degradable material of the channels 330 and pockets

334 comprise a hydrocolloid, such as those comprising a naturally occurring or chemically
modified polysaccharide. Suitable chemically modified polysaccharides include
carboxymethylcellulose gels, hydroxyethyl cellulose gels, hydroxy-propyl methyl cellulose
gels, chitosan, low-methoxy pectins, cross-linked dextran and starch-acrylonitrile graft

25 copolymer, starch sodium polyacrylate, and mixtures thereof. Suitable natural polysaccharides
include alginic acid and its salts, pectins, galactomannans such as xanthan gum or guar gum
locust bean gum, gum karaya, gum arable, hyaluronic acid and its salts, starches, and mixtures
thereof. Suitable synthetic hydrocolloids include high molecular weight polyethylene glycols
and polypropylene glycols, polymers of methyl vinyl ether and maleic acid and derivatives;

30  polyvinyl pyrrolidone, polyethylene glycols, polypropylene glycols, metal and/or ammonium
salts of polyacrylic acid and/or its copolymers, metal or ammonium salts of polystyrene
sulfonic acid, and mixtures thereof.

[0037] The degradable material of the channels 330 and the pockets 334, as well as the

structural material 328 to the extent degradable, may further comprise a bioactive agent, such
11



[0041] The term "manifold" as used herein generally refers to a substance or structure 15that is
provided to assist in applying reduced pressure to, delivering fluids to, or removing fluids from the
tissue site 102. The manifold 108 typically includes a plurality of flow channels or pathways that
distribute fluids provided to and removed from the tissue site 102 around the manifold 108. In one
illustrative embogdiment, the ro channels athyays are interconnected to improve distribution of

fluids prévided" r%ﬂ?o({feadgﬁ% f%%a% o dirassRdARANeL d8 seme s BadResRible
material teaddafRApSHIE debeingnplacad, imaahtassoii B3t tigsuelbie thodrandudistibisiag egluced

pressur the tissue sit Exam of manijfolds 108 may include, for example, without
I|m|tat|o‘r%1 ewcés %%nﬁ&%ﬂ&%@%&ﬂf% RBELRS mﬂ%@i&m&e Sagh.as, 1o example,
cellular f@mnnpl@pmtemﬂsfdmmegmdetm rwsuefféeﬂmwimhdﬁl gelpatechiosmisid abinghide, or cure

to include, flow. 25 ¢ annel The manifgld 108 ma ro s.angd may b de from foam, gauze,
ot PG SR RIS & R By SABSH NA EEA O TTE oT  IBEHRB R, he

felted ma‘# or any othern
manﬁolchdﬁ&mstarﬁxbtomhefpmmmrid)mcﬁwesanpllerahéychmm@ﬁmaemdtcteHﬁmlaﬂrﬁﬁim&mt as flow

channels. The porou fo m m ea rethane n-cell, reticulated fo suc
Granch?am(%(ﬁ ma urglg me??éabglﬁ Fgeads f%{‘% %‘“’P tgregﬁné‘?ﬁﬁgdlments
might indhedeaffidd&d :z;eiladczﬂeeae fliddetbeedt dorsohgaidhe maeﬁyldcawmrgm adaliniplgy of cells,
the majqyit of WQ f&fre not fluidly connected to adjacent cells. The closed cells may be selectively
disposed’in e hanitold 108 to prevent transmission of fluids through perimeter surfaces of the

malififold 108. 1[0838)eAsiindtians] thevaaniaid heBimpyndsesie ersgiddeidistipliendbidsatch as
medlcatlglns anti acterl \%vlth factors, and vaélous 8/3|U'[I0 Zto the wound 105. Other layers may
RS &

be includeF 5 SRS rﬁlehngr FOFERTHSIE FRAHEHO R RRERATYm&tsaiee i disgels,
hydrophpdmcsmaﬂmrmsffahmhydm@mmmmmmsa@&@%mﬂesasdaﬂdlamwemhmgﬁdh@ed pressure

therapy % %%emlﬁglgl?o%h%screegs%c&ge?t ressuriﬂto th?&g?%]nﬁ% 8%%% which %ea %Fsg bupgd uniformly

through the sca n some embodimen
drscontl scafiisly 3t 2omgi ke mdﬁdhjs:dﬂ@@pnbﬁ;hwahbﬂrbﬁaﬂ@emg drﬁaﬂmuﬁdmmeawﬂﬁlpmﬁf@dm
on there ng a ressure radr e red sure is
vereg unlf())rm yewg% sfnﬁg e p0|n oj?ges %lr i}l épa%r %ﬁ%ﬁf 599?)% age or
through prasSuse bstmcﬂrarﬂvlﬂwﬁi&gmraarfukidi@&ibﬂhm mwrpiekﬁutl &mmﬁﬁmwmebé&;ﬁbﬂyreduced
pressure}%radle contlnu e%lé% I%T 1 sin ma% nitude, or.disc ntlnu us over time.
Consequerﬁfy l{%e raduce r%ssu e gradien s H d@élur(i%? iite é’&?%ﬁ‘érwgﬁhﬁ %85431 A

gradlentambimtraressrﬁmngm dﬁ@sgaﬂhtchbl@. pffjnelpaéssummtyurfﬁaﬂdﬂm toto v&duﬁehbpmsure
includint% Wlthouhllmgatd%o blogfl)gr gra}grents t?&r% adr(entsﬂe rﬁ'rc%ﬁ%ﬁg dients, magnetic

gradien c?remlcaafngra ents or posrtlve pressure gra en S. d the scaffolds 112
aan31Zlma;nb@desygipedetmﬂsﬂmwlgmmmﬁenmbm%ﬁrﬂr1ptg/smhﬂrrbagh(ﬂ&r'siﬁrfﬁ)1&eierring to

FIGS. IAw%ng A Lor ebxamﬁ ugéan do(l)d 10 nqo‘r%g%fegaffold 1ge 12 m dr%%g te reduced

pressure gra lents andrc |oIo IC gr $'lis INGiCA ively, as
descri bemdbg\gmgrpmesrerﬁhdestmffahuﬁQ mrdhhe dhmﬂ:l@issagb& Hmr&raﬂrﬁt?ﬂﬁaﬂtﬂbmohcatlons

O A 055 i T B e i e S0

105.

25 [0039] The wound 105 may be an injury or defect, such as a fracture, located on or
within any tissue site 102, including but not limited to, bone tissue, adipose tissue, muscle
tissue, neural tissue, dermal tissue, vascular tissue, connective tissue, cartilage, tendons or
ligaments. For example, the wound 105 can include burns, incisional wounds, excisional
wounds, ulcers, traumatic wounds, and chronic open wounds. The wound 105 may also be

30  any tissue that is not necessarily injured or defected, but instead is an area in which it is
desired to add or promote growth of additional tissue, such as bone tissue. For example,
reduced pressure tissue treatment may be used in certain tissue areas to grow additional tissue

that may be harvested and transplanted to another tissue location. The tissue site 102 may also

include sites for in vitro and in vivo maintenance of endogenous or exogenous grafts, and
12



through their respective flow channels 124 and 324 in response to the reduced pressure or other
stimuli, but in a discontinuous fashion to create gradients to further promote tissue 25 growth and/or
tissue healing. Thus, the methods and systems of the present invention provide a means for active
guidance of tissue regeneration through the implanted scaffolds 112 and 312 or within a compromised

site, such as wound 105, to promote functional recovery utilizing these physical gradients. As such,
R v SR R P e S L e i
depositicmphpiataissac 4rganassonofdicapravisionshmakinvittihie shemisal and physical cues

to direct cellula [zation of the scaffolds 112 and 312 or tissue snace Withi!”] the wound 105
[0044] Referriné@&f(ﬁ’ ,ea('r?ﬂfﬁ&r%{ SeRfsysatan diteyraisiues Bresspiingsarly rfstie 438 to

a microctija prssmbihA40 lssskimmnhd bebienveléssue 458tnktkisiaadisertaay haahren
daméalgeﬁi as atresult 0 Iraufina %é) that On%ﬁ];{;e ievered end 439 14 remains. As used herein, the
term? "coUplBg™ R R Y TG HRCT BRSNS S episrin dhretmasahrt s R Best ifhg. The term
"coupledatiant ericoanahssdthoughohe i TMRAGRIEHN &hEr e TR HBAE WKy BRaI@aGer by virtue

of each qf the.components being formed from the same piece of material. Also, the term_"coupled”
may incl%ui é’%ﬁ%ﬁ%&‘i%‘g&ﬁé’@ggﬁ% Iﬁ%ﬂﬁ%"f?é%l el uiGe BRRedI0hR SReFite ®a¥ fluid is

in commbmidgtificielyereattheldasignpied parsaidigationsated witlo42hbiipecricaechip, assembly 440
and the i.feveretd %nd 4:%%of the n(%ve tissue 438 are po;itioned within a biocompatible nerve conduit

442 that 16 résé%gPaW% PP IS AGAR S 0 FSTRAY AP QLS S HHTSURS ATV ASLIR BESSIOFRISShd and

closed btoa eelativitreddcriod dishsslif thesstie ehitets docreRd umidlGRpsR &Ik Retwegmihe severed

end 439 of the nerye tissue 438 and the conduit end wall 443_The mjcrochip assembly 440 has a
contact SUFF3CE 4 rﬁé%i%ﬁlg Vga‘j%tccrg?ﬁetﬁg %@\%‘ﬂfo"éﬁ&%@gg ?§%F§Eﬁ§8‘éﬂl9%{‘iﬁfgd to an

electroniyypioaliybppiied 48dviced mesnactinnSdehtHiat to. s thiau giptheczenduil §nd walgeiand he

connectign 449 that electrically couples the éectro ic contyol unit 448 to the microchip assembly 440
may be,ﬁdgf 19(%%%&%?@%‘-&%%? 631 é&éj n%r Q} TERESconnection. The electronic control unit
448 may also irfe04d¢ AHeattary 4nthifyl Prayidied havlardamirslipiefeship asebsnhbbe44Qutiatthe
corllgectii%ntdigfg.olt %gaﬁld be. L%nders od th boéh the eleCtro€ﬁ contrcﬂﬂu it 448 and the battery 450
may be Infegrated with tha microéR Ygggg???tb‘@ﬁ R RN SYRTS %/ 1FE9% B¢ nerve
conduit DO 6] fidseastyd @ndhid BhdRitelduidy/topisaleditrladedyphdNigsstiflywource 456 via a
conduit 459 and a manifold 4 t.gistri%ut s reduced pressure from the reduced pressure source
456 to the arﬂrﬁ’%rsla(ﬂr gp%%vgaﬁég%gﬁrel Hee %gégﬁ?(ég ﬁ$ TS é@%ﬁ%eﬁf&}faégeal%w pattern
to the sewrenad trdnt@éfcltithesndrvertisRlis#4as apmhiisdinierdateeidwibraaaslact putliacs 4t of the
microchip.assembly 440.to promote growth #éo regeneration of the nerve 25tissue 438. More
specificall?ft?r Oerzmr%%éclé%lg} rsosvuereléarl%)élélsoﬂép' é‘ﬁg ﬂ?cmgerae?{/éeﬁé%ﬁépﬁ%“tﬁﬁrB%uﬁr?é‘%EJ%?rativeIy
cofiect Themeaoifotd di0Suriay deld biot tinepmible efire dsbtiatil/cd#8bIE o€ being placed in contact

with the tissue site 102 and distributing reduced pressure to the tissue site 102. Examples of

manifolds 108 may include, for example, without limitation, devices that have structural

elements arranged to form flow channels, such as, for example, cellular foams, open-cell

foams, porous tissue collections, liquids, gels, and foams that include, or cure to include, flow

25  channels. The manifold 108 may be porous and may be made from foam, gauze, felted mat, or

any other material suited to a particular biological application. In one embodiment, the

manifold 108 is a porous foam and includes a plurality of interconnected cells or pores that act

as flow channels. The porous foam may be a polyurethane, open-cell, reticulated foam such as

GranuFoam®

, manufactured by Kinetic Concepts, Inc. of San Antonio, Texas. Other

30 embodiments might include “closed cells.” These closed-cell portions of the manifold may
contain a plurality of cells, the majority of which are not fluidly connected to adjacent cells.
The closed cells may be selectively disposed in the manifold 108 to prevent transmission of
fluids through perimeter surfaces of the manifold 108. In some situations, the manifold 108

may also be used to distribute fluids such as medications, antibacterials, growth factors, and
13



manifold 458 may be bioresorbable to facilitate removal of the conduit 459 after the nerve tissue 438
has operatively connected to the contact surface 441 of the microchip assembly 440. The nerve
conduit 442 itself may also be bioresorbable after sufficient healing of the nerve 30 tissue 438 so that it
does not need to be removed to avoid disrupting the operative connection between the severed end

439 of th ti 438 and the coniact surface 441 of the microchip assembly 440. 0047]
The Zlecgr%wh%\é(?% {%%’?Eﬁﬁ? ﬁllfé%%?ﬂfjo@é pé THE%WB%‘&%“& & hot gﬂ&%ﬂ"%ﬁ‘éﬂlgé artificial

hand. Tosacintrohbberpriosthatierialsorilickiageidrgialbchetieies]hyekopldbivinmdsialaundciude a radio
frequen F) transceiver for sending radio signals to the prosthetic or orthotic device. In other
embodinc%){é' gl {che%%tﬁrd?ﬁl% control unit 448 may be contained within the prosthetic or orthotic device
for directly contfoli#2) meudesogbéd Bbewrneaitiddicivesaidibegpiesestand aB9pplivervauisgue 438

and the contact surface 441 qf the 5. microchip assembly 440 allows a patient to copiro] mgovement of
suchgde\ﬁ(r:eesgulfgiogt ou Wg&%ﬁgﬁéﬁﬁgwg fli)ﬁﬁsérg)g'l%?#/ H{Bgfrm&ﬁ%?b%?éﬁ?eeréfégfﬁpérb isSue 438 via
the micraohip anbediliynds} the SrafyhiciR4Batsaydieddsadssradisvattanoadyitdadadiegiore motor
control after.nerve trauma, Qr ta establish nerye-directed motor cantrol of an orthotic or prosthetic
device. 1%%@%? i?léfgpéin% Bsr?gﬁ%fessa&niﬁlﬁ%g{gﬁr}lq% & EAGC fglgg}%%gﬁ% RYGERGEE and
Tate MLkeduisslerdsngre idtadicii- ZBaGeLabiple, Broddizahpréandiisnet BetiveddaitirmswEaAppl
Biomater.. 8 :16-4% §2007). GemmiliC@Y. an%G Idb?rg REI’ Tissr_ﬂe Er%lz-469- 9 (2006). 15Lago Net
aL, IEEE TRREC |on9|1ér§.eE?1rg‘.’lgf:R @?? ngeit)sq\ﬁ) PX UG ENLL R Sﬁ,gfé’o‘?ré ﬁ'ng in Tissue
Endiheesuigstaniidllyl Sa@hogbriebidah 19 kR60h mbdfoldringdtie etrilodBimiaiehiale ARG HRssikS(2001).
Manwarin CME et %t Bion aterials% 1-3638 (2004). ZOM%@ier et aL, Bjomaterials 26:1945-1952

5:36
(2005). Mi olsel;gféS e%sé:f.),n TBRoES ]ﬁﬂgﬁe RYPEdT xg@g& f).(f{l }Fﬁgﬂtﬁly%?ﬁdoﬁ%rstéﬁn?ﬁ\, Ann
Biomed Engs84usatli0th¢Aeaa6ded pressure gradients may occur throughout the wound 105.

[0043] A gradient is the rate of change of any variable physical quantity in addition to

reduced pressure including, without limitation, biologic gradients, thermal gradients, electrical

15  gradients, magnetic gradients, chemical gradients, or positive pressure gradients. The
manifold 108 and the scaffolds 112 and 312 may be designed to distribute gradients for these
other physical characteristics. Referring to FIGS. 1A and 3A, for example, the manifold 108
and the scaffolds 112 and 312 may distribute reduced pressure gradients and/or biologic
gradients as indicated by the arrows 126 and 326, respectively, as described above in more

20  detail and as further described in U.S. Provisional Patent Applications 61/142,053 and
61/142,065, which are hereby incorporated by reference. The circumferential scaffolds 112
and 312 draw fluid radially from the intramedullary space 122 of the bone 104 (not shown)
through their respective flow channels 124 and 324 in response to the reduced pressure or
other stimuli, but in a discontinuous fashion to create gradients to further promote tissue

25  growth and/or tissue healing. Thus, the methods and systems of the present invention provide
a means for active guidance of tissue regeneration through the implanted scaffolds 112 and
312 or within a compromised site, such as wound 105, to promote functional recovery
utilizing these physical gradients. As such, these methods and systems provide an active
mechanism by which to promote the endogenous deposition of proteins and organization of

30  the provisional matrix with biochemical and physical cues to direct cellular colonization of the
scaffolds 112 and 312 or tissue space within the wound 105.

[0044] Referring to FIG. 4, an illustrative embodiment of a system 436 for coupling

nerve tissue 438 to a microchip assembly 440 is shown. The nerve tissue 438 of this

embodiment may have been damaged as a result of trauma so that only one severed end 439
14



Pfister BJ et aL, Neurosurgery 60:137-41(2007). Saltzman WM, Tissue Engineering: Engineering
Principles for the Design of 25Replacement Organs and Tissues, Oxford ISBN 019514130X (2004).
Sachlos E and Czernuzka JT, Eur. Cells and Mat 5:29-40 (2003). Segvich S et al., J. Biomed Mater
Res B: Appl, Biomater 84B:340-349 (2008). Shinto DA et at, J Biomed Mater Res B: App! Biomater
73:315-24 (2005). Taka h| K nd Yamanaﬁ cﬁ 63 76 (2 06 .30Tan SD et aL, Bone
41:745-75 ?Eﬁoﬁsfﬁ% iSEe MR Phy A EEJ% SC168VR 1% ii"rzfe(%ﬁbe) h JF et

aL, T|ssuﬁd5ngluﬂéslcﬁ&5>t1m@1(ﬁQ05he \Wan %@i;ﬂ&dpmﬁozﬁcmamwb of hMarosbiuptiniars
Biomaterjals and Their A tlons in i0 , H.S. Nalwa, e 033-0
2005, DB oA S U OB T o b B TR U5 G618 2988 B patent
Publicatithe waemeézsgmmmmm thaéinaticoupled? mep aitudeCherdtaitiedhanididn

WO0Q7/196590, PCT,Patent Publjcatio @OS/O 1521 10U,S. Patent Publication US 2 O /0225347
uU. S%Pageﬁnpﬁdlb% s %%r}jé 9 }8%6&% coupling means tf?at ﬂ?n(a 1S In communication between

the designated parts or locations.

[0045] The microchip assembly 440 and the severed end 439 of the nerve tissue 438
are positioned within a biocompatible nerve conduit 442 that is generally tubular in shape for
receiving and sealing the nerve tissue 438 at one end and closed by a conduit end wall 443 at

10 the other end to form a luminal space 445 between the severed end 439 of the nerve tissue 438
and the conduit end wall 443. The microchip assembly 440 has a contact surface 441
positioned adjacent the severed end 439 and is electrically coupled to an electronic control unit
448 via a connection 449 that runs through the conduit end wall 443. The connection 449 that
electrically couples the electronic control unit 448 to the microchip assembly 440 may be, for

15  example, a hard-wire connection or a wireless connection. The electronic control unit 448
may also include a battery 450 for providing power to the microchip assembly 440 via the
connection 449. It should be understood that both the electronic control unit 448 and the
battery 450 may be integrated with the microchip assembly 440 within the luminal space 445
inside the nerve conduit 442.

20 [0046] The nerve conduit 442 is fluidly coupled to a reduced pressure source 456 via a
conduit 459 and a manifold 458 that distributes reduced pressure from the reduced pressure
source 456 to the luminal space 445. The reduced pressure in the luminal space 445 provides
a flow pattern to the severed end 439 of the nerve tissue 438 and its interface with the contact
surface 441 of the microchip assembly 440 to promote growth and/or regeneration of the nerve

25  tissue 438. More specifically, the reduced pressure causes the fibers in the nerve tissue 438 to
grow and operatively connect to the contact surface 441 of the microchip assembly 440. The
manifold 458 may be bioresorbable to facilitate removal of the conduit 459 after the nerve
tissue 438 has operatively connected to the contact surface 441 of the microchip assembly 440.
The nerve conduit 442 itself may also be bioresorbable after sufficient healing of the nerve

30 tissue 438 so that it does not need to be removed to avoid disrupting the operative connection
between the severed end 439 of the nerve tissue 438 and the contact surface 441 of the
microchip assembly 440.

{0047] The electronic control unit 448 controls a prosthetic or orthotic device (not

shown) such as an artificial hand. To control the prosthetic or orthotic device, the electronic
15



U.S. Patent Publication US 2008/0033324. U.S. Patent Publication US 2008/0208358. U.S. Patent

4,787,906. 15 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. 20U.S. Provisional Patent Application 61/142,053. U.S. Provisional

Patent Application 61/142,065. [0049] All references cited in this specification are hereby

incorporateq bly refe‘{%gce. The dé'alsé:uss'on of the references herein js intended merely to summarize
e

the asseffiBHHANE Y MY RTRAHRAIA STaahfney (R T2 Hansectiier tnysadune radie si8als s prior art.

Applicantseziratenie dhertighicdestiallengetibe asbodaayme dieasiidaoar o g 4at :
[0050] Inc})/i%v of the ﬁ.b(%e, it will be seen that the advantages of the inyention are achieved and other

Shehumstos Rrost iP5 QLB EYITR A0 GHEHY So8te arBeYeRd c oHBositions

advantageg‘,1 ASEhaY. _ |
without depactitigrftmstwiiea soo pevedethend e Otidiheitvis tikkapded thdital coatirt seifiaiel ipfthe above

desgription and shown in the accompanying drawings 30shall be interpreted. as illustrative and not in a
Iimit‘;5 ng srghcgg.cql@ La&fﬁ)\%gWé? g aﬁi&‘é&iﬁ%ﬁ%ﬁ%ﬁ%ﬁrg JE%‘F‘B?B{/&%%@%V&&BS prRe thaughts wound at
a tissue sitetraildbheciid ditig gsomtmpitigsuhevipindtited asnd tikaa ppardtiheampochg: a scaffold

a structure for the growth of the tissue and having

o mrsgeigpine s e et e dte g siueute e ot oL e oz v
least a paftionenv¢hmuimanoet@esdabiivingeave-directed motor control of an orthotic or prosthetic
device.
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10composition adaptable to contain microbubbles; and a manifold for providing the reduced pressure
to the scaffold. Claim 2.The apparatus of claim 1, wherein the chemical substance is pre-formed with
the microbubbles. Claim 3.The apparatus of claim 1, wherein the chemical substance is operable to
form 15microbubbles in response to a stimulus inducing a gaseous phase transition in the chemical
substance. Claim 4.The apparatus of claim 1, wherein the scaffold is a substantially tubular in shape

having a luminal surfadssfh ﬁ@lth%pcﬁaﬁw’é’l Repdhoekn{dNappstrusiaed Bigmater Igirscaffold

is a substantially cylindrical 2Qgiapsday iR RBIBHAS16 PAMESNA NI Lo MONINIEAEQgvith the
wound, a portion of the channels at least partially covered with the chemical substance. Claim 6.The

apparatus of claim 1, whereif the0ds8Méal substance comprises a perfluorocarbon. Claim 7.The

apparatus of claim 6, wharewdherpetiisamcw s 50a9810f a 25perfluoropentane (C5F12) or
decafluorobutane (C4E#S[) Claim 8. The apparatus of claim 1, wherein the chemical substance further
) ‘

comprises an amphip e fublication WO06/127853
PCT Patent Publication WQ07/092397.

PCT Patent Publication W0O07/106594.
PCT Patent Publication W0O07/196590.
PCT Patent Publication WO08/091521.
10 U.S. Patent Publication US 2003/0225347.
U.S. Patent Publication US 2005/0260189.
U.S. Patent Publication US 2008/0033324.
U.S. Patent Publication US 2008/0208358.
U.S. Patent 4,787,906.
15 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.
20 U.S. Provisional Patent Application 61/142,053.
U.S. Provisional Patent Application 61/142,065.

[0049] 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

25 reserve the right to challenge the accuracy and pertinence of the cited references.

[0050] 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
that all matter contained in the above description and shown in the accompanying drawings

30  shall be interpreted as illustrative and not in a limiting sense.
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Claim 9.The apparatus of claim 8, wherein the amphiphilic substance is a block 18 copolymer. Claim
10.The apparatus of claim 9, wherein the block copolymer is (poly(ethylene
oxide)-block-poly(L-lactide)) (PEG-PLLA), poly(ethylene oxide)-blockpoly(caprotactone)), or Pluronic
P-105. 5Claim 11.The apparatus of claim 1, wherein the chemical substance further comprises a
bioactive agent. Claim 12.The apparatus of claim 11, wherein the bioactive agent is at least one of an
antibiotic and a growth factor. Claim 13.The apﬁ!n%wg%f claim 11, wherein the bioactive agent is
growth hormone 10(GH), a bone morphogenetic protein (BMP), transforming growth factor-a (TGF-a),
a TGF-13, a fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulolc\%f‘e? HBiophage-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 15interleukin, tumor necrosis factor-a
(TNF-a)@aiede grovith fapesritsEm)polathing zeduspdipressoreioivingnbala tisspeeitsradto a wound

at asissue sisipahipaliainacionbhyaiinae Wi % wound g aysiemeomprising: a pressure
source for supplyingthe reduced pressure; a manifold in fluld communication with said
pressure source fop¢idoldify tawlantation in the wound, the scaffold providing a structure for the
growth of the tissue and having a channel therein in fluid communication
with the wound;
a chemical substance covering at least a portion of the channel and having a
10 composition adaptable to contain microbubbles; and

a manifold for providing the reduced pressure to the scaffold.

Claim 2. The apparatus of claim 1, wherein the chemical substance is pre-formed with

the microbubbles.

Claim 3. The apparatus of claim 1, wherein the chemical substance is operable to form
15 microbubbles in response to a stimulus inducing a gaseous phase transition in the chemical

substance.

Claim 4. The apparatus of claim 1, wherein the scaffold is a substantially tubular in

shape having a luminal surface forming the channel.

Claim 5. The apparatus of claim 1, wherein the scaffold is a substantially cylindrical
20 shape having a plurality of channels in fluid communication with the wound, a portion of

the channels at least partially covered with the chemical substance.

Claim 6. The apparatus of claim 1, wherein the chemical substance comprises a

perfluorocarbon.

Claim 7. The apparatus of claim 6, wherein the perfluorocarbon is one of a

25 perfluoropentane (CsFj,) or decafluorobutane (C4Fg).

Claim 8. The apparatus of claim 1, wherein the chemical substance further comprises an

amphiphilic substance.

Claim 9. The apparatus of claim 8, wherein the amphiphilic substance is a block
18



20reduced pressure to the tissue site; a scam. inl,U111111111111,CILIVII VV11.11 Inc mallllulu Ivi
ucinciing Lily ICULLISCIi pressure to the wound, said scaffold having a structure to support the growth
of tissue within the wound and at least one channel within the structure in fluid communication with the
wound, the channel having a luminal surface; 25and a chemical substance covering at least a portion
of the huninal surface and containing microbubbles adaptable to facilitate a flow of fluid from the
wound throﬁé’ﬁ%’glgf'least one channel within said scaffold. Claim 15.The system of claim 14, wherein
the chemical substance is pre-formed with the 30microbubbles. Claim 16.The system of claim 14,
wherein ¢laiehtinical Shosepisatis opelainidrovivneimiherbhadsiiepalymesdsipelyéethgiameilus inducing a
aseous ph ition | nge. j claim 14, wherein said
coatol o T B E e o rion with the wound.
Claim 18.THwky(sepreleciorsm, 01 RivenéiPsHid.scaffold is a substantially cylindrical shape having a
plurality of channels in fluid communication with the wound, a portion of the channels having A larningt

surfgce gliigmt partiallyrrevppachwi saisahe kel sy BRIAAER A Slbitht® TG SSRPRESIAIM 14,

wherein the chemical substance comprises a pet-fluorocarbon. Claim 20.The system of claim 19,
wherein the}3eafiies 3&5Rbon is one of a perfluoropentane (C5F12) or decafluorobutane (C4F to).
Claim 12. The apparatus of claim 11, wherein the bioactive agent is at least one of an

antibiotic and a growth factor.

Claim 13. The apparatus of claim 11, wherein the bioactive agent is growth hormone
10 (GH), a bone morphogenetic protein (BMP), transforming growth factor-o. (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
15 interleukin, tumor necrosis factor-o. (TNF-a) or nerve growth factor (NGF).

Claim 14. A system for providing reduced pressure to a wound at a tissue site and
facilitating growth of tissue within the wound, the system comprising:

a pressure source for supplying the reduced pressure;

a manifold in fluid communication with said pressure source for providing the

20 reduced pressure to the tissue site;

a scaffold in fluid communication with the manifold for delivering the reduced
pressure to the wound, said scaffold having a structure to support the growth
of tissue within the wound and at least one channel within the structure in
fluid communication with the wound, the channel having a luminal surface;

25 and

a chemical substance covering at least a portion of the luminal surface and

containing microbubbles adaptable to facilitate a flow of fluid from the

wound through the at least one channel within said scaffold.

Claim 15. The system of claim 14, wherein the chemical substance is pre-formed with the
30 microbubbles.
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Claim 21.The system of claim 14, wherein the chemical substance further comprises an 15amphiphilic
substance. Claim 22.The system of claim 21, wherein the amphiphilic substance is a block copolymer.
Claim 23.The system of claim 22, wherein the block copolymer is (poly(ethylene oxide)-
block-poly(L-lactide)) (PEG-PLLA), poly(ethylene oxide)-block-poly(caprolactone)), or 20Piuronic
P-105. Claim 24.The system of clajm 14, wherein the chemical lé%;s,tance further comprises a
bioactive@%lgllwtﬁsCIaims%‘%se%%@ erf o CYV& Pﬁﬁfﬁ?]%ﬂéefé?‘?% RsRRes ferrseblada o8he of an
antibiotic anchimrgimbtiefaictoes@mselsom Admiites sydteingdd giieouddbhaseriaintieniivastivecagent is
growth hormcl)lr[}et Gcil , a bone morphogenetic protein (BMP), transforming growth factor-a (TGF-a), a
TGF-13, a fibrobIAst growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor 20 (EGF),
platelet dedirad growth fectwsterDet Elpimsidinaiicecin saithstadfold( By bstaidty ewddinshapgrowth

factar (VEGR), heAMoeHE P (REBHAGAR AR RERih AN interleukin, tumor necrosis
NGF). Claim 27.The

factor-a (TNF-a), or nerve growth factor system of claim 14, wherein said

scaffold is pre-formed with low-pressure chambers. . ) o
laim 18. The system of claim 14, wherein said scaffold is a substantially cylindrical

shape having a plurality of channels in fluid communication with the wound, a portion of
the channels having a luminal surface at least partially covered with said chemical

substance.

10 Claim 19. The system of claim 14, wherein the chemical substance comprises a

perfluorocarbon.

Claim 20. The system of claim 19, wherein the perfluorocarbon is one of a

perfluoropentane (CsF1) or decafluorobutane (C4F1).

Claim 21. The system of claim 14, wherein the chemical substance further comprises an

15 amphiphilic substance.

Claim 22. The system of claim 21, wherein the amphiphilic substance is a block

copolymer.

Claim 23. The system of claim 22, wherein the block copolymer is (poly(ethylene oxide)-
block-poly(L-lactide)) (PEG-PLLA), poly(ethylene oxide)-block-poly(caprolactone)), or
20 Pluronic P-105.

Claim 24. The system of claim 14, wherein the chemical substance further comprises a

bioactive agent.

Claim 25. The system of claim 24, wherein the bioactive agent is at least one of an

antibiotic and a growth factor.

25  Claim 26. The system of claim 24, wherein the bioactive agent is growth hormone (GH), a
bone morphogenetic protein (BMP), transforming growth factor-o, (TGF-o), a TGF-p, a
fibroblast growth factor (FGF), granulocyte-colony stimulating factor (G-CSF),

granulocyte/macrophage-colony stimulating factor (GM-CSF), epidermal growth factor
20



Claim 28. An apparatus for providing reduced pressure to a wound at a tissue site and facilitating
growth of tissue within the wound, the apparatus comprising: a scaffold for implantation in the wound
to provide a structure for growth of the tissue, the scaffold being formed of a first material and having
channels formed therein comprising a second material that de%rades in response to the reduced

pressure EHH)a FARlFSIGTEY ¢ oRhaNG s iR ke N kR 2ERWHOIRIR AEHY 18N d
material degsadeaIteiarn RRSSACESGF eHBaNGe ibis-HRh e heanaune yithit ENSFScaffold. Claim

29.The apparatus of claim 28, wherein the first material is degradable and the second material is
degradabbeaeH i YNQE PERERT EHRH R HiA RS Fith) LR B0 U LS LR CEY claim 28, wherein the

second material comprises a hydrocolloid. Claim 31. The apparatus of claim 30, wherein the

hydrocollgidigppprisamha gelyaaecbriidel4Clald R Jhe epfelatip a-tane L& whekeprdhascaffold is
adapted for implantation at a wound in a bone. Claim 33. The apparatus of claim 28, wherein the
second mateft Her comprises a bioactive agent. Claim 34.The apparatus of claim 33, wherein the
bioactive agent is at least one of a growth factor and an antibiotic. Claim 35. The apparatus of claim

33, wherginiiiae2Rioacegge piuls fargprskhi biprmenectQ e Bke ne masphogenatisuprate i (BMP),
transforming growth factor-a (TQE-a), a TOE-13, a fibroblast growth factor (FOE), granulocyte-colony
stimulating faRBP ERESE VI A IS LR S A o B PRRRATHA SRG A (GM-CSF), epidermal
growth factor (EGRkapfate leirdenvad-giewih dactasiRDG e Wikulinthkegedoi factardd@E), vascular

endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HOE/SE), an interleukin,
BT R SOTRAAElGh TOCE T RSB BT coupting nerve

tumor necrosis factor's )¢
tissue and a microchifpasséiitheosysiemeconisiignasalraaolicgaidesdpressoiss to the

reduced pressure; and
a manifold for providing the reduced pressure to the scaffold, whereby the second
material degrades to form passages to enhance fluid flow from the wound

within the scaffold.

Claim 29.  The apparatus of claim 28, wherein the first material is degradable and the

second material is degradable at a rate faster than the first material.

Claim 30.  The apparatus of claim 28, wherein the second material comprises a

hydrocolloid.

Claim 31.  The apparatus of claim 30, wherein the hydrocolloid comprises a

polysaccharide.

Claim 32.  The apparatus of claim 28, wherein the scaffold is adapted for implantation at

a wound in a bone.

Claim 33.  The apparatus of claim 28, wherein the second material further comprises a

bioactive agent.

Claim 34.  The apparatus of claim 33, wherein the bioactive agent is at least one of a

growth factor and an antibiotic.
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a biocompatible conduit adaptable for disposing adjacent nerve tissue, the conduit fluidly coupled to
the source of reduced pressure; and a microchip assembly disposed in the conduit, wherein reduced
pressure from the source of reduced pressure facilitates growth of the nerve tissue to operably
connect to the microchip assembly. Claim 37.The system of claim 36, wherein the conduit is

bioresortaBid Elaim SaeAREAGUISA{ SleUm - SEISTHM e IAASHYMBRSIN I EANER BBFRERSly coupling the
source of reduSHS| RIRSRUIAR A BRER b L BMIBY LIRSS eiRiM. 8% ovesein he microchip

assembly is ouEIed tg an electronic control unit. Claim 40. The system of claim 36, wherein the

microchip as sty #o8 ProagiedE SF brerdoe s rﬁ%‘i“?ﬁ[é‘g%ﬁ%ﬁg Gk d6>lWherein
the nerve tisstigniglsisRoaReropiiaeRe16andihulating factor (GM-CSF), epidermal growth factor

(EGF), platelet derived growth factor (PDGF), insulin-like growth factor (IGF), vascular
endothelial growth factor (VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an

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

Claim 36. A system for coupling nerve tissue and a microchip assembly, the system
comprising:
a source of reduced pressure;
a biocompatible conduit adaptable for disposing adjacent nerve tissue, the conduit
fluidly coupled to the source of reduced pressure; and
a microchip assembly disposed in the conduit,
wherein reduced pressure from the source of reduced pressure facilitates growth of

the nerve tissue to operably connect to the microchip assembly.
Claim 37.  The system of claim 36, wherein the conduit is bioresorbable.

Claim 38.  The system of claim 36, further comprising:

an interface for fluidly coupling the source of reduced pressure and the conduit.

Claim 39.  The system of claim 36, wherein the microchip assembly is coupled to an

electronic control unit.

Claim 40.  The system of claim 36, wherein the microchip assembly is coupled to a

prosthetic or orthotic.

Claim 41.  The system of claim 36, wherein the nerve tissue is disposed within the

conduit.
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