rd

*159159* NETH(I)S AND COMPOSI TI ONS FOR THE TREATMENT OF OPEN AND CLGSED
WOUND,. SPI NAL CORD | NJURI ES RELATED APPLI CATI ON [ Thi Ss—application -

clainms the benefit of U S. Patent Application No. !60/7 f| | ed On o
“April 25, 2006, the contents of which are incorporat ed%’ﬂ@%jﬂ/’l efe ence
“in their entirety. BACKGROUND OF THE I NVENTION . "1 cord
‘injuries (SCls) are a result of the spinal cord bw% cut.
Insult to the spinal cord often results in vertebrae, nerve an

vessel damd@HBISANDNGOMIOSIIadSHRR SHRTREATMBEMEIOF OgESaANDCcuUr i nsi de
the spinal cord or odi£ISHED WRUNE BRINAD CORMIINWRIEN t he vertebral canal.

. The pressure fromthe surroundi ng bone and neni nges structure can further
damage the spinal cord. MrRBUATEDeABRRIGATION cord itself can additionally
accel erate secondary tissue |loss. There is considerabl e evidence that the
primary nechdarticaiplicatjcargaiingithd neft of ¢.asBaee Afpleetannars0/ 193,986y

mechani i exelta peur of nsmtter. accunul ation;
cdomn t QRed PR TR0 RS Bty h Aot BB TR B SR GBI | 0 e

cal ci umthﬂre@lrﬁa{dl cal pr oducti on, especially oxidant-free radicals; and

ei cosanoi d pr oduction. Therefore, SCls can be viewed as a two-step process.
The primary injury is nechanical, resulting frominpact, conpression or
some other insult to t%@%ﬁMWBIWHW@é’E@Nary injury is cellular
and bi ochem cal, wherein cellul ar/ nol ecul ar reactions cause tissue

dest ructi on. Ngnyispingt erginjnges (FC3s)gecorrdulp pbihespinahebrdbéihgsi ng any
cowpressao%réseédjhsa &l fngam&tlnesmanr&;a/omamsqalve}t@ogaé)gew@%mewe" as any

cord edema, healing is expedit di scusse ove, spinal cord
injury iieast \essel demagsn Blcsding iflaid aqcymulatipmjand pweling cah secudénsigsithe i ng

secondargyinalNidl beSutsidb aR&phAl Btk B @ﬁhanP{@V@r&bra@@m &4 lERInPX1 Ci ty,
free- radl cal formati on and | ack of neurotrop iC supg'g I nclude glial
ﬁ?’é‘P

scarri nghe W@“PW“S@P%&%‘@'&?B%SSWW%@ AT dpgage iq9&i on, secondary

cel | deamesv&he@maaﬂqmm fisclfé¥n RAYATRAIS acRblesI RNy LiGudfAkh continues
for weeks after )é SCl.s. An environnent antagonistic to axonal

r egener ahCES cQnsd eradance thab thegrimary, meqhaniGah iUy igiisies @ d2scadener at i on
pat hway sf sé@hh@y h@ukarﬂedhemm& %’Q‘Jlﬁdlﬁgeﬂﬁﬂ;l\Vﬂtﬁ&itﬁom?étfﬂnglﬁltte} here are .

further co l.i cat IC%‘?{E%P ge(Bg {eat 8‘a(¥ Sglg‘gﬂ ol dder, d%sfetérlgttr;cglrllulaj or exanpl e.
Over t i RESUTRYIaqs efiaafopmatiq eleguolyte shutty fnefdinggogreat

calcium; free radical production, especially oxidant-free radicals; and eicosanoid

~ production. Therefore, SCIs can be viewed as a two-step process. The primary injury

is mechanical, resulting from impact, compression or some other insult to the spinal

column. The secoﬂdary injury is cellular and bioc_hcmical,' wherein cellular/molecular

reactions cause tissue destruction. By interrupting this second process qnd diffusing

any compression resulting from the primary mechanical lesion, as well as any cord

edema, healing is expedited.

As discussed above, spinal cord injury involves not only initial tissue injury,
but also devastating secondary injuries. These pathological events, caused .by
excitotoxicity, free-radical formation and lack of neurotrophic support, include glial
scarring, myelin-related axénal growth inhibition, demyelination, secondary cell death
sﬁch as apoptosis. For example, oligodendrocyte death continues for weeks after
many SCls. An environment antagonistic to axonal regeneration is subsequently
formed. In addition to damaged regeneration pathways, reflexia hyperexcitability and
muscle spasticity, there are further complications of respiratory and bladder

dysfunction, for example. Over time, muscle mass is lost as a result of loss of
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*G00002*




1 111211211211111111 *@&00002* innervations and non-use. The end result of
tthese_spinal cord insults invariably is [ost function, the extent of which
is-determned by the severity of the spinal cord primary lesion as well as
by secondary injuries. Even in the case of inconplete notor function |oss,
*common probl ens include posture, reduced wal ki ng speed, abnormal bal ance
and gait, and | ack of sufficient weight-bearing. Sur gi ca
sdeconpression of the spinal cord is often used to relieve any pressure from

Sur r oundinpgrvise aﬁ@ysoﬁeg@whe gndi FeaGlk Uf @dsOdpinhil $hAGANRY ikaFbBRLaRsor di sks). |
However the t'n]n%ﬁ Syr gle? decog§5$55|on has been a controversi al .

topic. \PFUen e exfepfphenict isdetermped ¢ sgeebnlrtbe sripd col PEB#Ye secondary
injury, Iekien aewulll asby E\ecbudiﬁm irglirigsi E@dn fnltha@tdse baiRobpRRE k66 fildeadn
conS|step npas Qﬁ difficult to deternmne a ti a&vqu ow for the
effectiv S%ﬁ%P CaPTD aBT"§ §ipstprereduers edking spesd; ehnomhel fthe .
clinical arsl@att;m@lacﬂwftduﬁﬁdmrtevengﬂnebmnye no technol ogl es which can be used

to effectivel ol the.increase in i essure resulting
fromthe pri r%" ag ECOMPIESSIQL f?ltgeeSp jpalegr I %3?5%5?"? gﬂ’fi@?@“&n gi cal
deconpr efsen em&mdgwt;onemuy reayingafsesyred nednkbcatbd/ecneﬁm areliskgpl of bone and
soft ti nder secondary
Tt i nsi 0 e B RO (8n A aBSHERES kit HRETY {otlp e B PRpE IS

provi de mat stedwsaltaveeh@l\eueax@sd@nnhprmsxbmttsrcﬂmd swpmﬂerﬁnhj_axrp,rtbemeltst at drive
e o ol Mool B REITLK (A AALSERE e BN aBL Gy o RGaG, A | ernative
- met hods can be used ression surglca pro ocol s.

Ther e hastipewindopafer the ffffe&hye anpheqrtwpexftsptgleﬁﬂ tdegonipoessighvetarveotiethia i nt ri nsi ¢
nature Gho bicd) @ktuagd#msﬁesﬁeré@a 18kechBbBelcl whicn!dlff bl lkddf B/ COMpressed
cord itse 5 nment |1 oned above econpressFon surgery is rected to the
ext ri nsieffeatialy eongfol thedn¢rgpagriny intia-parenchyme areseire prynkingfroim thed sur r oundi ng,
and cau of

Mt ot ey SCE TR Wisbheq o SHPP R A0 IS hBIEARSAEREEE D e 1 he
nerve r cYESTEY 1 MBAY SRFEH onefﬁvetlve Fhegiemay #l qfrbeeesrgd sofigisseqetaeturgs dq her e

exi sts gopghfledsMe &’rﬁiékl‘}ﬁr% Meﬂ%??&ﬂﬁdir??ﬂmﬂé L Ps@ir€at HE SR k@I Y Spi nal
cord injury from for éxanple, secondary tissue destruction, edena

f or mat i Grherefprg, thare existynesd tp pravideralicatelive deviegsand methods myirepeserore, it i s

vel | knaneplobess theaale 8ddoRdars Mjidlat &RIHinhdty Wpin@ScotSEhsy sfé.eThdye nost deadl y
neur ot rauna encount ered by peopl e. Reports on conbat rel ated open wound

SCl's durdtegpativemeihetscan Redtsed asomplemen decompressiqpsuirgisal pptaes)s-| eads t o

close to 100%mkritagibeén/scaiiflafytherapediia \ 4B e i fehid IEEHitriddid urBr Ot ecti ve
ability of bul | et&n?of vests, the ne%k regi.on of persons wearing many of
0

t oday’ s Sfdhqiiured/eamRrpssed spiRalegrd £t ﬁaﬁyrc GRPRSFEEOTY B pAds. More than
90% of Sfdfioaédabove ] dedbinyression surgery is directed to the extrinsic nature of the

injury (i.c. rcmoval of bone or fluid surrounding, and causing, the injury) in hopes of

alleviating consequences' of intra-tissue pressure build-up. Secondary injury will

often impede the nerve regeneratioh and/or nerve regrowth process. Consequently,
there exists a need for devices and methods that alleviate the primary spinal cord

injury from, for ekample, secondary tissue destruction, edema formation, and an

influx of inflammatory factors. _

Furthermore, it is well known that penetrating spinal cord injuries (SCIs) are

| the most deadly neurotrauma encountered by people.. Reports on combat related open
wound SCls during the Vietnam war indicate that this type of injury leads to close to
100% lethality. While there have been advances in the protective ability of bullet-
proof vests, the neck region of persons wearing many of today's vests is often

vulnerable to many high velocity weapons. More than 90% of SClIs are initially
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di agnosed as "inconplete," wherein the injury does not result-in conplete

severing of the spinal cord. Technol ogy which can protect the spared tissue
and pronote endogenous healing and repair will mitigate functional deficits
resulting fromboth penetrating and contusion traumatic SCls. BRI EF SUMVARY

" OF THE | NVENTI ON Certai n enbodi nents of the present invention are

directed to bioconpatible polyneric materials which can be fabricated into
"mni-tubes," or "tubular articles.” These mni-tubes can be used to treat

any | ocadibgmdeedAs! "indofpiéte," HRe fﬁel’iﬁjurytd't%s Abidesdltinontpldtd sBiketifglof Nt 0 t he
eplcente of. t.-he wheenthe |l ow tube ru through the injury
site. °BgthS “1 ni-efhéél :l}tfé"@é%e the ﬁﬁ’é‘?ﬂ?’éﬂ"qaﬁ’%d’u‘b‘ﬁ(’tﬁ sur gi cal

i nci si or‘eridagahonﬂhédhag aﬁd r@aucban rﬁmgatbeuﬂcesmumeﬁatmsalﬁ@@freﬂ boithe mi ni -tube
creates a new int conpressed spinal cord parenchyma. This

new i nt T SEE MBS §v’é s‘f’ﬂéragﬁnfltéc §§I Sressure and protects tissue that has

been spared frominjury. Pressure resulting fromthe conpression force
exerted on the cord is all.ewui iffus) redirecting the force
down the surface of the %"ﬁﬁ?&’ﬁ%‘g%&%#ﬁ%&m tial conpressed _
site, and (2)Ceategosbadymtite of tipresstiioventing agpdirested to hinchinpattiipat i bl e
L €1 ! 8 polmdiniiflbis LR ca4S AL RUIE sho "FHELBLIDN O, il REQYAI 10
struct ur'e between t he Injure te and surroundi hg tissue t

i nt er f acB)ese ingrfittabasecan ba umlyto br@aimrm lgcaliged $@I1. th@nadpézoénnenanleqa wher e :
functi Or}ﬂ”’nk—&lbre% PNaq llflﬁ)sthg L:erﬁa‘r(g" t}tné " &lﬁgelp%élpcﬂfo be runs I'n anot her-
embodi ment, the present invention relat t I oconpati bl'e polyners

fabri cattbwughths ikioFy 59 rieaiFigurbds Themlvlufbmaa:nlaﬁrmﬁmeéshmhalw ng an inner
surface, ugg%awc%oﬂasé@fo@trarw chit) RPRETISA 1§ B trealBCTHL Rlisiliies MRy be
fabri cat Into an eonetrical shape and. size. For exanple, the size and
t he shapseeatds atl‘r?é;”wi ace wiitimthy compieatedsginahcasd gatenehympe| Thishewror e ef f ect i ve
relief. I&eﬁﬁécf}cn&leerﬂ%&d)fwésm@aﬁd b.%t&&ehsegéélhma% beON{dagddf #dhon, but ot her
shapes, such as el ongated rectangul ar tubes, spheres, helical structures,
and ot hdRBmaressyEsierplitng fawm the eemapreasiensiosss exseed an thereprdjisleviaiid such as

the numgr() @SRk dk rircciFkhs RABE dOWn IRSuhd oftthOfsnilTabe £ Auakyi ed i n order
to deliver nore effective relief. For jnstance, the mni-tubes may be

r ect anguros thegpitighgompprassed it Ang (Zs)r?éf% ing,the cATPTBSIAN wereviiodhe al ong and/ or

around aRbfipafible Mhatérid of RicHAini-Ged seenngwe 1. Th@mnzlare%} prov@tiyg accor di ngl'y
with the spinal cord lesion to be treated m ni -tube can be snaller

than, t FEUSHFPEEVSD the inyed sigganed surmoyp ‘Pﬁé‘sﬂ“ééihﬁr’i‘e‘f"dmﬁga‘fer)’eat ed. In

pr ef er r agflanReCb®EY be Higgdiédlin-the/BGadknt Areh@hb@fadtionhiNgreldvast | engt h of the
i njured si,‘iSe. | n anot her preferred enbodi nent, the I ength of the m ni-tube
to be sUfy %F?rgtisﬁ’fﬂ%?ﬁt SFPHC!1 be appr oxi mat el y between 1.2 and 3 tinmes

the | engt h ofin hﬂitﬁh(trrhjmb’oﬂdn&itltﬁe prestrat Snventionrattegtol bisgidpaiisle al ong t he

spi nal refer ed enbodi nent . .t he mnl-tube will extend
beyond tAf iey"&?ﬁlgﬂg tﬁ‘glrﬁ%g "gmdté‘ {E‘ﬁol %%ﬁfrccse’ MBS A di stance of
appr oxi rmtfeéwaribuﬂtet fwefadce and twmpnobmgwnq‘is.lrm msini-ubel may bprfdfreawéd enbodi nent

t he m ni. -tube V\g L.ex S%Qd egusal I ¥o beyo amqe " §51%é51grg 81[;1 et traI Si des of
the inj JPRANEEFYNEtD PER bzarrefer o Ot heRT Al ePtSuterSlirface to

out er suubemey bovarieduh ordbe taddivet mpi’@effeanvq: whigk Af-nhcmeﬁmzatmii cylowlsr t o 10
mllimeters refe . L t he

i - taborr SR B RLSRES vETBAN Fabis sl SRR (EABRERCLES 1 "000
m cr ons.sphereshblégal stmimtariesrand stherseard pagsitie rAdgitiqnabaltdrations ibe (out er surface
to outer b . tﬁg@_% about 50 and
175 m crc(())ﬁlgJ g&t\i\é{éﬁx%gféut %% an taé?hQ)B m croﬁeg@tﬁégp%e?gveen about 150 and
300 i crverisd inl ordenrfotdeliverandye dffaetivie relidfcFatiingtancer the mipiHabes may bebe (outer
surface rE&ar%ﬁia@rorsaﬂs'foﬁ?e‘?llséfﬁl $e é’“ﬁﬂ@ nﬁ?%@tdls@nb:‘btéﬁ Abh SR P Sarétid 20 :
mllineters.” I n othér enbodi ments, the diameter of the m ni-tube (outer
sur f ace episenigr efrthg epmelc'@;d injunye iThe sige Al tery eegrriinghpy il thesaingbegsd| | i net er s,
bet ween jabaii, bﬂetma{eldl ARk GhinBRMc SarlThd drhdIRE Blaf; thaREmbELYRE B RgMt 1

mllimeter and 3 mllineters.
than the leston to be treated. In preferred embodiment, the mini-tube will be longer
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m Crogrooves nmy ave W

The dianmeter of the mni-tube (inner surface to inner surface; or the
“lumen dianmeter") can also range frommcrons to millinmeters. In a
preferred enbodi nent, the dianeter of the mni-tube (lunmen dianeter) is
bet ween about 5 and 200 microns. In other enbodinents the diameter of the

"mni-tube (lLunmen) is between about 20 and 200 mnicrons, between-about 50 and

175 m crons, between about 100 and 200 mi crons, and between about 150 and
300 microns. I n another enbodi nent, the dianeter of the mni-tube (lunen)
i s bet weehan ﬂ’lbd&igtﬂoﬁthl&‘ixﬂuhfdﬂ&iterﬁl @dthct prefertdd dﬁﬂi(ﬂlﬁrﬁenﬂ ﬁhe@énlgﬁf ofaRdodi nent s,

t he di arreter of . S be abou I l.i meter and 10
m |1 met SR tt° Hrgé%?gﬂfmﬁﬁﬂ*(eplwnﬁé’%épprgﬁﬁ“ W“ﬁﬂ G)’T‘E’r;lrl 3ichet ween
about 1 thlelléngﬂed)fehe m)ui'e6 sm b llesmxﬁ ﬁrrmmg lengthwise amg&}kﬁplm’ﬁﬁdl meRpét of the
present in entl 0CO I‘IC mat eri al s
are di scPs¥ rpﬁe?rgﬁdnem% vrop\ﬁ Y& Shg‘r Vgé f”ﬁ 6’88? ge}hﬁ %{‘? &My be -

f abri cat mdtrasides plitheynjuidd sitpat 4 gistante mfsappmmhatblyaltm thedemmb of ihal has a

doush | AFrcPIR 5 AP S SRR R A LB Re gL 2 © °

t hr ee- di ¢credsliand adstsi sidet ofitesingured fitgpes conpl enentary to a target site to be

treated. The diath&te¥ St @ A3NGEe RIRPALIRAL, obiPsRERECIPRLREE POl yMEr] C

mat eri al s of t e present |nvent|o can aBricat e |nto readllyfornable

or nol dadikmelstd danrange Fomrk umigranciod?d. millimetars. érrbqnmfmﬂi ¢mlbpdB@knt] s

| ocal i zegle 30eh ARG 4R0% Aini ABYORY GRrk étohﬁﬂt% sfu%@qs dRwEmarENt Lhe
an

injured site (for exanple hemi - sect ed spinal Cor or nmed
bandage } and 2¥rmicrsisain eter ?W‘@Pdt“ﬁeméﬂiedbﬁtl@ﬁ ofthe manirtnpefopterwher ei n t he .

- bandage J\frfakétoldatér@srfséy; wlyet@éénedboiﬁhﬁ) dndPoB HhifbnR ANHRER 4B P{ltdﬁf’ dany gap

f or med the spinal cord lesion and functions as an artifticlal pathway,
nurturi- né75rregr%\m g™ era AbOHS 1 00 g 208 mrigions and befwass abewt 188epd A0 to form

functi onglcrénéNaPafsther BHbd Ao, RO GiaBR et BE Bk BAL1BL (ONEr JuPfcd BlREARCT | ons
bet ween endogenous neural cells (including neural stemcells, if
i ncor por BFBEL)dhPIweshatonhBadeljlimetierstend 20 mllwqtﬁﬁngcﬂm@dfm@ésspol yner

i mpl ant @A WiahRFBRthelRinR LIRS GeCiifacS el ottt Blirfadel) i MW BRN fouby Providing a
structure_between the_injured site and surrounding tissue (the new

i nt er f acBlimptgy Wﬂbwe}?&y befuvegn by d spllimeterandaymilimstersped wher e

functi orlaat\lvyenra@betvlammhﬁﬁwrdh@k milintbtérk.SSue can be spared. | n anot her
enbodi nment , resent nventl on relates to, bioc at | bI e polyneric
bandages, 151’? YRt %Ei‘i”?’)r“'?ea(b?‘}eﬁé‘{rga&FF%F‘l’Pﬁﬁs‘*rﬁg e d¥agt and si ze,
conpr i sicngmaeﬂ' aagizﬂsqo@hgérﬁbmqnﬁﬁaaﬁft@hﬁihhﬁwmgmaprmﬁea efmbbdiatat,and an outer
surf ace. exanpl.e 15. Th forrred a d be . fa cated into any
geonet r i B‘éﬁ‘ éeﬁgpg‘ﬁd“@i ?‘&e? fré! ls ura%?f“f%é’ BHEYE: of the

bandage mwyhdmembadmﬁtsl the dfaderer bbthdehinisaibe (rknmnpfsfbetweeuebbmlzmd A thin,

el ongat e banda i S on confi tion shapes, such as

el ongat et B0 S*tﬁ ?enba‘;ﬂgt %)s%“% 125%1Fr°§9%r?§ﬁe5’é’|b°'ﬁ O&cﬁ"ﬂ?@g and others are

possi bl emichsid] dnddrealeenl abeutaltsi0ans 300 mianhs. gImraabthene;mBmchheatstHehe nunber, -

ori entat i,on. .andy, Srr}l?i?etuﬁgg{[mqg%)bgggwgg b%%o?‘jm‘ﬁ%ét%g ang jgrder to del iver
ref ‘RSt ance, th e

nore ef feetive 0 rectangul ar, or

- any ot henillisetersl Is hthgeembodimenty, tbedmm;tqr|05ﬂteed1nmuu¢|(hmmn&l18d:et\a¢wund

epi cent & I’bogtf 5 hl?lm%Per F & 1 § 8{11‘?1:1{({:‘&&‘ rb\ét“{éeg ?(Sjlql ltﬁ-lﬂﬁme%;' gncpggﬁlﬁlgr?et@y have a

t ext ur ed St F ZEE™ I he m crogrodves on its
i nner arvdiﬂichetvmm@bogdrlfldbeetet m(bh@ﬂélmﬂmri ment, the pores have dianeters
bet ween about m The

Ingngt on i cfﬂ %un Qﬁgg%s\%g@%b%é%& ﬁhnél?@m]gﬁlggu pm and dept hs
of at | edstontpagblpipolimeerisi materigs anersiischnspdihgrein. Aduantpgeoyslydhe and- di anet ers of
I tS por&sy, &J%%H&W@’ﬁéfab%&dtéd 363 p}ﬁt@CﬁW'ﬂﬁtE&@'x%s%éaHt thhemepi nal cord

| esion to be treated he pores and/or "m crogrooves on the inner and/or

out er sunftacd hapg dpeehshlaeansigiensy hakis Sprmeblecorraeifdhin aThesg atarialy or exanpl e
human neys airgkies LMCRhAiSy &@mame\ah@iearp@é forthad uﬁ&ﬂlaﬁsr%m& and trophic

" support. In preferred enbodi ment, t bandage will act as a filler (i.e

Fill thedimeasiong styqiues P’nﬁ??&?ﬁ%?ﬂ%‘?’i“@i‘aw 2 B’é%ﬂﬂé’é%t%"ctfﬁaﬁ’dt he | esioned area

of the spinal cord, for exanple. In one embodi ment, the bandage inner

“surface is flush with the |esioned spi nal cord, i .e. contacts the | esi on,

when it is inplanted.
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Bi oconpati bl e polyners for the fabrication of the herein described

m ni -tubes and fornmabl e bandage or neuropatch articles are well-known in
the art. In a preferred enbodi ment, the bioconpatible polyners are

bi odegradabl e (for. exanple, PLGA). As used herein, biodegradable and

“erodi bl e are used interchangeably. Exanples of bi ocorrpatl bl e pol ymers t hat

are bi odegradabl e include, but are not limted to, biodegradable
hydr ophi I i c pol ymers such as. pol ysacchari des, protei naceous polyners,
sol ubl e deri \/I&tyiet/ﬂﬁ)tliﬁr embmadﬁqhlaeribldasnpamlatkwﬁnaﬂmmhhma$t&f

protei naceou tides ers oesters, and the
li ke. é'esﬁgﬁ/sact?:/ N ra‘f’35gobr‘fégtegéntﬁéﬁ’agﬁillggﬁ%@%if’coin’éolgé’ ég ‘gﬁ%ﬁ’ eh gl ycogen,
arnyl os eneamtawhyé olnemkiembodineknt, eSATi ik BrcalPodfaaa ak bbndbge(lﬂeﬁ adoh e
hydrophllh

~incl udi ng &Y r% (rt;cog’rn‘illmgﬁ tgh’ WJ“’ﬁ‘gﬁf gefa%x\é%}pledéf‘lm\’}‘af C\Fé%}’ﬂg’ ﬁlyg(r:glnyzed

any| opeod:ord) §“llnethaa¢ fdr;tréddmycmrgb)dth&t milﬂmtéd-lliﬁ) thehpiiéﬂt}éty@ftthy knjawyy| ase,

di al dehy, and | ke. Pr ot nac rs.and their soluble
deri vat |‘€tgesr§1f1?iﬂ ol ga eﬁia onc BY'6d lg:tj‘?a %’@?ﬂ‘ﬁ"é‘f’ggebdbq &Pt ¥es, el astin,
al kyl at ddrmal bsayerspmal doyd bessiod aedl figickings @k drﬂilﬁmhllﬂaélw& ﬁdagfr@dabl e

synt het i | e ara

pol y- (N- %/rg >§$ | t&-ﬁ 1%01' u%}%‘j}eﬂﬂ e\é(?é%lg%{lg{rgw% roxyanaR L aspar agi ne
and N- hy"lan%mbmdagt}rgﬂfﬂcamlqw? Wirtifteattiers betwaeo eadogl:souﬁwggﬂaélm am no

act 0s | NElHRhd paAY etk i iRoRRrorkd BRSMA BlLBRII 8na icliBBLOS: Lvaline,

L-tyrosine, i'ons or escr|y| ption of any
of the ffmle@éﬁ? frge pelymen shpigyt caviEompent th ProWPte Ppll'ﬁhlewaalt Fartiemmye.be found by

refert | iy deiging MABRRL CbrhbOFRe il ¥in{ Bl u?xgﬁg?lhgﬁgsu%%@ nd%

"Bi ochem'stry" bert L. Lehn| ger, Wrt ers, Inc. and
" Bi ocheriptstfase), ip arnma@wn mgy rbyérltlgwdﬁthFP@mhmanwh@ﬂfpmtgpnabm h of which
are her@@évdr@?&i&ﬁf@&@@s&ﬁécﬁﬁ%@& The af orementioned

bi odegr adabl e hydr oph é%rrers are particularly suited for the net hods
and conposi tll’é)ﬁ%"tB?r et“m?dﬁil@é %‘PTeﬁ%l‘ﬂ‘ieﬂhorbSﬂQ*@%‘%’FPcempﬁh@Fr

char act gplyhdricdahia é&%ﬂm BOrehdilyl thbAEHed/ forthb@intd ayPHRbELS size,

bi odegradabi |l ity course, it wll be understood that the particul ar
pol yner CGF‘PPF’i‘é& singlepalyperi¢ seagfoldfirying apdpnesssyrfage asd a @yteadguibice: hydr ophi | i ¢

pol yner $ef8yarslc Ui ITha esinRa b@n&%@§§n@}‘89%r@£te& Rifo aﬂygéoanq@m@p@g et hods
of the invention. El ectrj cal gnals in the rm of action

pot ent i 8P4 S‘aFeF?rh"é‘aﬁE’a‘héheogﬂzes*}“Qn]a? ‘i"hﬁ@ef’ the bandage may be vaged o 9tder; he central
Ner vous t§ Jéliveimoel BfEEtis rélieflOA Gfin W@a&b%ﬂiﬂdg@@éoﬁemoﬁs@ﬂeeﬁ rical activity
is not only a rreags OL cgrmunic tion, %# al so n sar or the nornal
devel opieh SERUIH QU AR SRSy R ﬁ?ﬁlﬂﬂg"rt Teﬁté*’r‘r%'ﬂ ’cstp &l neural _
Ci rcui t helidad s&h@meamd@ihesQAre@bsME dAddﬁwdﬂayaltatﬁidnsﬁxocmﬂigLuammmni cation may
be interr and. t he chanl of r neur ol pgi cal, .dev ment inply
Chat et GUF3<Chr AREpy SoEN L abp af Be BFndeRe iy St f SR Rlncr t onal
connect idekger n&:e effactivierelief. Fa msrtqmle,ttaabarfdagestxhey beireciavighlabr engt sting cells
and the i.ncorporation f an s uch uraI stem cel | s)
o workieE gl Rhed Snd ¥ 3t SRR bR 3 Bratebd SR RE AT Pon” ool e
and doubbmall @y injenya flh ed!ctisoxamhb bandagqme;shweex té:etbreldcsatfed: 1hclodnngynt hetic

D1 Orl ek By 3P P2t EnGBPARL SRl S BMUNSEAR I ELECHE Slhe ARGaRat LT 2l |y

er odi ng i nsi e S|ngle scaffol d,

- doubl e sodbiinheht, the pmnh&wM@mbﬁmnabwt@mm4m embdﬁpylmf atapabl e of

conduct i t Hh Gl r.ol
pol yaceté}’gl &EE& Tlhg nlilxxn’ f%gﬁﬁgyﬂyéildzsgghg%%%a‘\%mné cﬁ yt hi ophene,
e

and hemesd delahteofe@témi @8umf The iges aslage. lgné ﬂ}fcﬂlm@dlamerw% capabl e
of cond t he present
i nventi lcl)lt%&)b%gﬁgé ﬂ%%%gﬁ)ows, W;lgn' %:étc ?ﬁgllﬁg%ﬂrtr}gtrh%ggirng%? E@w‘#&ge( for exanpl.e,
see Zel itieptad eThgpores mpdier 1piceogTpRies O itheinmes| apdior guiepsurfage eyyibgl Bi onedi cal

Appl i catlRg witiHeWr nfdeMedicital agﬂts, F-d?g:kamplg(ﬂ%an ﬁéﬁr'o}xaljséel-l;@ébs toAny of the

foregoing electrical conducting polyners can ed or coated onto a
mal | eabPEVéte GriMIPE BTRbacsmeEniqnd tr Seaaqrédlnarfﬁea%e@h?ﬂlwéma% be used as a
bandage, or neuropatch, as described herein. In a preferred

embodi ment t hebi odegradabl e and/ or by oabsorbabl e pol ymer contains a nononer
selected fromthe group consisting of a glycolide, l|actide, dioxanone,
caprol actone, trinethylene carbonate, ethylene glycol and |ysine. By the

t er m nol ogy "cont'ai ns a nononer" is intended a polyner which is produced
fromthe specified nononmer(s) or contains the specified nononmeric unit(s).
The polyner can be a honopol yner, random or block co-polymer or

het er o- pol ymer cont a| n| ng any conbl nat| on of these monomers. The mat eri al



FDA has approved these polymers for use in surgical applications, including
nedi cal sutures. An advantage of these synthetic absorbable materials is
their degradability by sinple hydrolysis of the ester backbone in aqueous
environments, such as body fluids. The degradation products are ultimtely
“metabol i zed to carbon di oxide and water or can be excreted via the ki dney.
These polyners are different fromcellul ose based naterials, which cannot
*be absorbed by the body. The nol ecul ar wei ght (MN of the polyners
used i n bdndageoowitbdt s aftlec. esﬁmfhemsbeoxpraasﬁmﬂlmtdmwﬂtb@@hnhagm&man can vary

accordin 0.th Q rs. us dthe degr adati.on. rate sired to be
achi eved'% P?ﬁslonﬁg agrrt%?f% C?rﬂeoév’éar‘%‘é %W‘B’ g"’bﬁ ’}h‘égindiaﬁethe |
fabri cat mdertmnﬁdesgs fiush bﬁ!ﬁl\ﬁbehmabmﬂplria,l o6, ﬁmdoﬁthautheaesl&ﬁl@vhehnt ianot-her
enbodi e la te average MV of the polyrrers in the fabricated bandage is
bet ween 4 , 000 and 30, 000. In yet another -enbodi nent, the average MW
i s between ab&l@torﬁmttbﬂ)@pcameﬁﬁoma faboicatRIn@s thmhlcrbnatdmrbcalﬁﬁmt-tum¢5000 and
3,000 fo in. desgribed tubes nd formabl e
1 cl o Iamnte bliece or peurprlf IS D AERIGRR I Mkt 1 Aol
subst ancesbodiment, the éf@pmdtﬂdﬁbddmme biodegrndabée (falnddamplc@ RL&A)sur f aces of
the mnig h!?eé% : QHQ! | and/ or
§ R4 Hefi %lﬁgra%glga %Hﬁ)ﬁ zlsré S?Jedqétgg%]m gglyo%ﬁ-n{}ﬁe Ype

neuronal stem cel erein the ce _ inner (lunen
in the dag@rmatlbb@qlmmrs thab exs)bicdedradablo incdydes butfaacegtdimite8ge, fi gure 3. The

| ncor porgh s o, fh1cHhafY ﬁﬂic‘p%lﬂﬁ&é’k\% f%l;&&%&ﬂm S#BI%%E o%g%/ sel ' “' ar

repl acenent "at the’si er enb

f or egoi rﬁgl%%é?ﬂ%éﬂesmﬂp?%?qcbmﬁ% solubde @ﬁfé’aUS@delpfptﬁ'E?m%Wlmeﬁr OVI d| ng
control I%ﬁ&&ep&%é@q)oly%%stmatam(é?e1We§>%1ys£whm%glmmyeoe i npl anti ng

into at conpression injury site in an animal, a systemfor controlled
tissue HOAdgelueans s sttach e s%mﬁgloaemcb@wpmm andhelliks. bi oabsor babl e
pol yner i gre AR WiddepRdabl B 8ydBpKIat pbhidtYars wa?erﬁammedeawwcgb%myi hat is
susceptibl e to secondary tissue injury, includ |n% but not limted to: glial
scar ri ng,-H#HsER d“?‘HﬁP%PYﬁ‘fBWZC‘H%‘ﬁy’@PP%% pyhoxyadyl dgdvatiyes plack of

neur ot r Q%f&yﬁddﬁﬂgﬂépechﬁ mrﬂs&ydrfokﬁahmehr@adnésar n%rb%mﬂaﬂy@é&l totoxicity.

I n one epbodi nent, jury to be treated is spinal cord injury,

wher ei n qlﬂeelyﬂﬁﬁﬁlrcheamhthﬁélke()m%g%ceaus Pﬂ%“?féla%‘il theessublafsgivaitdiods may be
used in 1ﬁ§lﬁﬂé|£é1&tid?x%l&‘dégi’hdd@l@@?ﬂh&&ﬁ]b&?b@ﬂﬂ@@élﬁstﬂf amymhlager@oncom t ant

w th deco SI on s rior to decoppressio ubsequent
to decorfpfed 8]1"‘}5 gb?@‘i&&‘/‘ ke, %mdegrad?weéﬂﬁ ¥rPO EWSBH?? %ﬁuget‘??gy \(]gr egoi ng
descri be@dﬂﬁdyylrkemmagrafagﬁ{eeﬁolgtm hisiesk yialkytyelt - @ndani&me,rcobb@atermm- conpr essi on
spinal qgord inj i ant into a ta |on|njury
oPt et IRl LBt PRt B s e e B0 SR8 ¢ o 1 o
t ube. Tr&ggﬁtﬁﬁimmﬁradldb Ifljdl,ll‘dﬁ Irmlymlne, Isu&ﬁepuﬁhbeylalamse,domﬂ;amy, L4 ssue i njury,
includin ‘%Pbut 1|e'm(§aﬁﬁl glial scarring, myelin inhibition, -
denyel i natfed: yE%ﬁ'? g Fack of neurotrophic support, ischenia,
free-radi cal Ddfmumdnsmnfurmeddmnpmm@anmof the ib%gohgrtennncdeg)cmb@ﬂ met hods
oy e AR O RLURGHLR, M0 FSOTRE 5 S ot S MerliGly examp!
concom tant i t econpreSS| on- SU pri‘or deconpression surgery, or
subsequenferdnoe thxt suthae§8_1cmherautrg'ébyAl®Rl IEI-Le@EiS@RL W]ﬁrﬂj\PL@Hsﬂ'dﬂE IBRAW NGS
| and "Biochemistry" by Lubert Stryer, W. H. Freeman and Company, both of which
are hereby incorporated by reference.
The aforementioned biodegradable hydrophilic polymers are particularly
suited for the methods and compositions of the present invention by reason of their
characteristically low human toxicity and virtually complete biodegradability. Of
course, it will be understood that the particular polymer utilized is not critical anda -

variety of biodegradable hydrophilic polymers may be utilized as a consequence of

the novel processing methods of the invention.



Figure 1. Two schematic representgtions (A and B) of the polypyrrole
scaffold inserted around the centgr of the lesion area in order to protect
surrounding tissues. Figure 2. Elgctrodeposition of erodible PPy to form

m ni -tube scaffolds. Figure 3. SENimages of mcrofabricated PPy tubes. A
"Miurine neural stemcells seeded inside of a 600 minner dianeter tube
(150X). B. High-magnification (35GX) view of 25minner dianeter tube. Rough
“-surface texture is a result of |ow el ectrodeposition tenperature (4C). C
Lower magni f i Elaétiiedl s(gih5@>ﬁ) thel foith of; a@ioﬂ@bﬂdnﬁais&ﬂ@me@h@ﬁ?bﬁﬁg{aﬂhi&lg ferr eat ed
wit.haslgoth % ext re b Iectr de oSitl%ln Et 24C. D. gher_
magni i cAt10h f °8wr f1€E%) S*ﬁﬁf‘é amerquestugies iave showghat s r educed
fluid f Iéléc&dcdlyisﬂiw(yapﬁ&t&frﬁy bhic@hi o%hirﬁuﬂﬁbtioh?bﬂf&l%ﬁie@&%ﬂ? fdFnht Mage)
formation |nlrodfnts %fﬁﬁ aP affold shown on r‘loght) rel ative
to unt rXFEE dAIOPEIEY %eré{?“ﬁ ng r§ gnent ofgienal peurely o oot or  scor es
for pol yqa;durmllethncraset Om*naﬂ’fpd)rﬂnﬂ_]ﬁﬁb' cell-go- éat&mmnﬂlcht&ﬁﬂrﬁmywm rol rats
(n=11). BB open efo groups on the
(oot ai b fgdng FE ERRSH) SL Pl esBER] Selml oSl

(t wo- cor’qievatnca%att)vltyrdhanlﬁbﬁipartwﬁt}& raﬂsxaﬁexedf fundemmdmtebtyortsoslmmerm ne the
degree o L ; thes aff | d-treated group
was Ssi gngl ?@%W@"é?"etgﬁhg?‘%&&[ ng?%'ft% ({1 c%a%ne (P<0.001) .
and | esitomsplented o¢llsgsobzs n(:ﬁieaostemzbell@mmOmkmp@raum Imrmasmbed;mﬁt ANOVA; N =
12 each R seﬁfiﬁgﬁt n?sin agafd]pﬁ gqja}Jel' §c§%ld§ragh%mr%s ape]smtl ng from

appl i cation pol ymer sca I'nto the penetrating |esion site.
Fi gure Sfabmﬁf@naynth@memyteahlala?@ﬂ@ cgpahiep{cdndrctirgralenyacityomidf ol d. a,

ant_ agesna?tfrally erodirig inside the body In an exemplary embodiment, the single scaffold,

double scaffold, or minitube compnses a biocompatible polymer capable of
.conductmg electricity is a polypyrrole polymer. Polyaniline, polyacetyline, poly-p-
phenylene, poly-p-phenylene-vinylene, polythiophene, and hemosin are exainples of
other biocompatible. polymers that are capable of conducting electricity and may be
used in conjunction with the present invention. Other erodible, conducting polymers
are well known (for example, see Zelikin et al., Erodible Conducting Polymers for
Potential Biomedical Applications, Angéw. Chem. Int. Ed. Engl., 2002, 41(1):141-
144). Any of the foregoing electrical conducting polymers can be applied or coated
onto a malleable or moldable article. The coated article can be also be used as a
bandage, or neuropatch, as described herein. |

In a preferred embodiment the biodegradable and/or bioabsorbable polymer
contains a monomer selected from the group consisting of a glycolide, lactide,
dioxanone, caprolactone, trimethylene carbonate, ethylene glycol and lysine. By the
terminology "contains a monomer"” is intended a polymer which is produced from the
specified monomer(s) or contains the specified monomeric unit(s). The polymer can
be a homopolymer, random or block co-polymer or hetero-polymer containing any
combination of these monomers. The material can be a random copolymer, block
copolymer or blend of homopolymers, copolymers, and/or het_eropo]ymers that
contains these monomers.

In 6ne'embodiment, the biodegradable and/or bioabsorbable polymer contains
bioabsorbable and biodegradablc linear aliphatic polyesters such as polyglycolide
(PGA) and its random copolymer poly(glycolide-co-lactide) (PGA-co-PLA). The




still imges of animal open-field walking in "lesion only" (top row and
"scaffold with high dose hNSCs" (bottomrow). b, Lesion side BBB open-field
wal ki ng scores. The absolute scores of groups treated with hNSCs seeded in
single-scaffolds (i.c., 16 - 17 in average) are significantly higher than
""hNSCs only" group (BBB score of 9 in average; P=0.004 for regul ar dose,
P<0. 001 for high dose), "scaffold only" group (P=0.004 for regul ar dose,
-P=0. 001 for high dose; the scaffold alone group received PLGA polymer in a
3 i ngl e p}gbggﬁs ]glmfemecnlmse.egjuyrﬁae forl s nmmgaﬁmppgéz@uas gﬂ?&&hlx@@&.e&i@m) r egﬁl ar
ose, P 1 for A, Bo roni ost 0 is The rate
of i nprowgﬁgﬁfma?dg@tgﬁ%ﬂgﬁ’géeﬁygﬁ\/ absAt ﬂg{ed’?*’éalﬂ § 1B, egr?fiaamyl&t b¥eeded in
scaf f ol Chl@blblh}@kdl?ﬁﬂof the estaMNCRbdHe il aq@oﬁblﬁm(d%nﬁleﬂﬁ%tfcﬂrasb ﬂ]?? df)ze '
P<0. 001 eat.e sure scaffo group
(P=0. 004 o(}egfagiﬁﬂ?'éProgB%té are\lgﬁ%mﬁ'ﬁ If’StPglﬂlzﬁ t‘ﬂfﬁ lﬁﬁ‘g%%g@ﬁﬁ%nl y" group
( P=0. 004cahde emgwkiana ﬂﬁ&&ine?%c@@ﬂmlfyﬁfershirgblfﬂi@&ﬁ}}onﬁcellhﬂﬁé baed pl ane tests. -

When f aci qgnglownh B%E'PEE o %AS%X ffoI treated rats could stabilize their

bodi es o THED ne SYYNi ficantly hi gher degrees’ |
(Kr uskal val I'Tts melseulmﬁmﬂng(MW) Eﬁt}mmbtylmeﬁ:sasmdlmdn-fbﬁﬁmmltles afial ysis both

ool el SRR ifhenfiBh BV D AEBHRL [P 8513001 820 gaifpel ef L curve
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t 0 nor nedegradgponste de‘Fhed td kpechjzaed| In c&nctekréaopenmrthag\@rage MW oftthe i n each

group SGoj &s?hthe%r?c%ﬁ d%n%@% B lbdE aﬁo‘EFPBBéE%@%gt dé‘@o gﬂe' S

consistently indicate that t roups receirvin
si ngl e- swathepéribodimenk thesivgraige M:‘é(mflﬂye mmnwemﬂmfnhhdatqqlﬁ)anédgeex whi ch was

cort el gl tNHOEARCR 423 SOt EboRinchARASBABIRAY is ¢, Per cent age

of ani ma s in each’group dénonstrating norna G oups
recei vi rgtweds@bouiadHRAYP 4nd 5909 |fer RlcGAfapf dstwegnl abqngmqoio@aﬁt:‘lOQOtﬁwgher

per cent gggyi psfmg ats that recovered their righting reflex conparing to other
groups (Pearson x2 test). Figure 9. Functional recovery in rats with
penetrating iThederein deschibednyini (ubes jand formable astidlesmalobmineorpertedol d PLGA

i npl ant »Llil?ﬁ%ﬁ%bergf%aﬁﬁlyy @eﬂl%ﬁﬁgiances In apr%@@m‘;g&mem afegradabl e is
intended a material whic broken down (usually gradually) by the body of

an ani mdpnergngfor autﬁwﬁﬁ*rccs %ﬁ‘tbee’fm‘ilr%‘P"dﬁtS%ftdie% pvith stem cellspfpreggmpler m
bi oabsorhabhyhal hm/@ﬂ%%rm &&h%malwwfelﬁ thel Bl18R2UepSSte@bntoqEOr bed by the

body of an animal, e. mmal , after inplantation, such that the

mat er i aliNRSy ERMERID %w&m@éc aggletﬁb?sammh@ﬁﬁrcr@fféﬁft(%)b|5@e deuiere Biet e of

i pl ant ghédRporation of stem BYlid fEvii€ FdF thRiphRO¥ippdit AERET RUBRl pRREHEHt at
bi oabsor pabl e artlcle or mnitube" is intended any material which is

bi oconpdt§ Bieef ¥ pel | as bi odegr adabl e and/ or bi oabsorbabl e, and capabl e
of bei ng for medndthérenibodatent athe Gaegdindechcibédepdiithéyc freicies ire ulbeinmat erial is
al so capab{}e off bei n for rreﬂﬁ(i]nto gagj cl %?‘ which |s suit agl e for
i mpl ant ARFBRASiIRT B“’é{ %ﬁw‘f"ﬁ‘&l" BSSUEAEDINE o P HECEi CIRGad®d and/ or
bi oabsoreaedplayiniplentiig ifwla target comprésseoninjutte sjtesid | aginga o syrstebi faabsor babl e
articles of i ven i on are r ef er,abl r.ad
e A e e S e TR T
Bezwada,poRaeris. hoﬂbwatbbe (m&gtage%wsﬁamxaaamg)njmdhathgsusc@oblpner S, in
Handbook of B| radab e ,Pol D. M Wseman
editors, ?—?é‘fiﬁ% ALY Ilg:aérﬁdetrhén lt#ﬁ%lﬁﬂ)ﬁca"fnéhgg elif m N8B the
di scI 0s tdemyelﬁnanﬂcmcctelll d}:athnta@k pﬁn«airetdoﬁim gippotbyischefraa, efreceadmall ts entirety.
formation, and excitotoxicity. In one embodiment, the injury to be treated is a spmal
cord injury, wherein the spinal cord is compressed. The herein described methods
may be used in conjunction with decompression surgery; for example, concomitant

with decompre'ssion surgery, prior to decompression surgery, or subsequent to

decompression surgery.



"M ni-tubes"” and "tubular articles" are used interchangeably in the present
description. "Mol dabl e" and "formabl e" are used interchangeably in
the present description. DETAILED DESCRI PTI ON OF THE | NVENTI ON

Described herein are devices and nethods for mitigating secondary |njury
"to, and pronoting recovery of, spinal cord primary injuries. Mre
particularly, certain enbodinments of the present invention are directed to
‘pol yneric mni-tubes that may be used for the treatnent of spi nal cord

injuries. |n addothePembaiiment, 2RISR ESBPUSscAbEd PblReti€ driicRs RA YeB i C
"fill-in" "gandgges that may be used for the treatnent of spinal cord

i nj uri es™eEEHS X THHMS 2 CAMFSIANGPIal erd pRIBRSOMATSRNBAMPISHAR Hito Bj oconpat i bl e
pol ynmer wfget Ekﬁnmm_ldrﬂ‘dmﬁﬂ @mnimalfaabﬁde@addeﬂlefaﬁd/osBfogb%«?&abldm| antation
intothe(ﬁlte of rtain enbodi nents of the

[ cord i
present THYBREY 16‘?1 oéﬁ 'é“%g‘ %f%‘ﬂal CBrﬁPB’E%H‘ﬁétbFBF%’CERHI?FPe*F‘&"% #sPal s whi ch
can be fiajiry,datleding btrono tmitrntedttmt@ﬁl sca}hfgs&ymxxmlxﬁﬁm@&tﬁ demRelpfativged to treat
t he SCl t, has.bee Ln one enb d| the mni-tube is
i nserteaceﬂri{%Stlht lﬁgl‘;" T’%’é&f p??l 'F?#‘Jeﬁ‘r‘%zef\reﬁ]‘i% EE goRgdow t ube runs
t hr ough etxlaﬁoﬂomcuyy"f‘he hercm%ecrﬂzcgmcehous anle)emsad rri@lﬁﬁm@ﬁﬁﬁtw&ﬁ a new
i nterfac npresse i_nal rd.parenchyma. This new i nterface
& ﬁﬁgbg‘f{) Rﬁgg&ésrexam Bre ltm? M d%comprtegsé?n HAB "B spared from

relieves t sure prote i ssue
i njury. tBrdescsnmressucasmlrgerng)rfsubnasqnhdmto:dnaspmgmanomsni:génye exerted on the cord
is alleviated by (1) diffusing or redirecting the force dow the surface

of the mni-tube and gt DESERIFACNDFBIE HRWASSGED site, and (2)
absorbing the conpression energy into the bioconpatible material of the

m ni - t ubggurSde TRvgschematic téprdshﬁatimxséA alust B) o6 thieqiohyp yerokt scaffoldr e bet ween t he
0 1 9 A SR 50 SRR SN AL Ao IpaTTe! Lor,
ti ssue déagure@. $deatwwdeposition of erodible PPy to form mini-tube scaffolds
Figure 3. SEM images of microfabricated PPy tubes. A. Murine neural stem cells
seeded inside of a 600um inner diameter tube (150X). B. High-magnification (350X)
view of 25um inner diameter tube. Rough surface texture is a result of low
electrodeposition temperature (4°C). C. Lower mégniﬁcation (150X) view of a 25um
innér diameter tube created with a smooth surface texture by electrodeposition at
24°C. D. Higher magniﬂcation (500X) view of same tube as in C.
Figure 4. MRI shows reduced fluid filled cyst (appears bright white in the T2
weighted MR image) formation in rodents treated with a PPy scaffold (shown on
right) relative to untreated control (shown at left). ,
Figure 5. Open-field locomotor scores for polypyrrole minitube-implanted rats (n=8)
and lesion-control rats (n=11).
Figure 6. BBB open-field walking scores for the four groups on the 1ps11ateral
lesioned side treated with double scaffold bandage (two-compartment). Hindlimbs
were assessed independently to determine the degree of asymmetry. The rate of
improvement for the scaffold-treated group was significantly greater than the rate for
the stem cells-alone (P<0.001) and lesion-control groups (P<0.004; two-way repeated
measures of ANOVA; N = 12 each group). _
Figure 7. Spinal cord tissue protection resulting from application of PLGA polymer
scaffold into the penetrating lesion site. '

Figure 8. Functional recovery analysis summary for bandage-scaffold. a, Montages of



An erodi bl e, or biodegradable, form of bi oconpati bl e pol ynmer of the pr esent
i;nvention is fabricated into a mni-tube for surgical inplantation into the
site of the spinal cord injury. Surgical inplantation results in a target
~area, for exanple a necrotic section of the spinal cord, that is

encapsul ated by the polynmer. In one enbodi ment, the surgery results in
conpl ete encapsul ati on of the target area or onI y the central necrotic
‘area. See figure 1. Encapsul ation of the central necrotic area mnimnzes
secondar still imagesofapimahipen-fiehhwaling-ig Elekios ioghal(iopgowd tkd Fsoiff@anat or y

cyt oki ne [ e S PESgSune. buil dup within
t he cord%thﬁt%emglrsggg%g?l jtur)191 r{)%B r?égre%ﬁgld%%%gfomn fﬁeﬁ & PHEd by t he
cyst al | Gimsateolutet dvnrey of glrouPegﬁajwi wgh hdSConeeded in saaglle stéffolda@dal6si de and
form fungjjonal A r nt of,the present
nvent o "oerpERRE BRgcay igher B ISEL U e SIRA T B Bl e

mat er i al aveRigesPTRO foalfegalldrdme €6ﬁ@0bf¢rdhgfo¢ﬂosehdsgléﬁommlgrgtoupl cal activity
from surMogigad fHed dosk:NAL ARt & r such materi al
shoul d bée#_bl or esor gggfeoslgn s(?%1 B @doﬁegtﬁﬁétcgﬁgltdua\r{% ea%()uéf} ee“s’e(f)nce its
functi onPHd4 p@é@ﬂprp@amg}mrmmlmrriymgm and{kesiodionbyi growaP<0 08t fal d creat es
a_subst rapeabyoswhb-aflodetol ﬁxgﬁ%@s@@\}%@)&anﬂfeﬁbBrﬁbsﬂM Ps&s gleanted in
vivo. A hollow cylindrical “scaf d (mni-tube) made o po ypyrrol e (PPy),
for exan#eo! ippetvsment alw&horvréﬁlm’é@agﬂyg@gtﬁrw e in BNSE seededimt i ¢ of t he
desi gn i RafbldWrduips SRRMRe NSNS droup (PERI0EX TR ALY d@&bwb%mf ¢ the

bloconpatlble pol'ymer capabl e of conducting electricit pol ypyrrol e
pol yner . l%ﬁ%&nﬁwq Hay re,ﬂsql%mw?snéf Al‘é@w\)pish@ﬁgwgéw( 0.004 Tof
pol y- p- plegiyd @3- 40000160 high Ao¥d) NirPIRNR, or dorbepsioloc 18 fxalP! €s of ot her

bi oconpati bl e pol yners that are ca(gabl e of conducting electricity and may

be used 995edor AP Bigh dpie ¢ Ireligpdplans testsy When Ssineiavarvasd.dbg bl e,
conduct i KNS @acyfiEa $reatli:@ raebduld e,tlaame (Heﬁ%oﬁié@ﬁﬁh&hné&@oaz&i anghda #t al .

Er odi bl e, Copduct nmer entl Bi onedi cal Applications, Angew
Chem rr‘t‘gméf)“’ﬁl’é:li‘b&% (]%E‘f?ﬁ ‘fi‘ZP&) <o argpnip 8 ANy ¢ i ni - t ubes
of the preseatic hxﬁ’&lﬁ’ﬁlbcﬁlilréi}l’eel_ si@flar restlfsed] Fath @ltR@rawbo@ilex QoekscThag pol yners,
such as l%' PoIngeEErt'bc m nittube of the %esent i nvention mag corrprl se one
or nore Brve Pand & Bk PRSP LRI Y Bh?i’p SHEPSEYHE oCH RPLEEI e,

| act i de,nofinalxesponss. T(hapll‘gﬁi mbbu@ehe ;ﬁdhtdﬁeighyolfanmatsahbwﬁgxﬁup ectdmyn[gene gl ycol
and IyS|n for ol ynmeric
andaged UG PF BETS ST E U Bl SRR e LB BrobBEsPRAL o | | near
al i phat irecgpahy bS5€s seeded)podlygte-rscqiﬁ:llgs(sybwemlsugdﬁicamly mmrowh&l)hmcahnibor mat eri al
derived f | ogi cal SS ical tissue can
be, but T&° noﬁlcﬁ agcorael?ted Wﬁtlé!ﬁhr%érgﬁoses glearson ?egt %frm ‘Tpes eé}rcn'%ce’l | s which can
be used Rescemgke of mEmakge eéch group demormsam@mmiabdghtmgfrﬂmmé}routst ail below, a
bi odegr he present -
i nventi %%&E\élﬁg Eﬂgﬁorer?@&@ﬁg&g%lgg? glc?)sil ofﬁcaéypmr@ Igj]err%énﬂé”’aIO(PE':act)gnduct| ng
pol yner tbmrgccaetteértrl;ﬂﬂam@tmgmdfdﬁxmwavmg@Otmrare!lm Ppasqot’yess: i's rel eased
fromth r t nducti ve

W e | n S, RindRRLYO0 A AR PR P B TR B8 et 1 on
are not afienfqubde- S%ffeldeﬂ:&GAealpla@bﬁehﬁl@Fﬁltng pol ymers, such as PPy. Polyneric
m ni tubes of the present invention nay conprise one or nore nDNOMErsS
selected fromthe group consisting of a glycolide, |actide, dioxanone,

capr ol acglgpsary eftemms hy| ene carbonate, ethyl ene glycol and |ysine, for

exanpl e. Fur t}ehiR&, blbé gl-a%la\%?rsﬂn@n@ecf Phatdifal RAIK EhloedidlA Ubes to

conpri se one Or nore egr adabl e, and/ or bi oabsorbable |inear aliphatic
pol yest e(Pgla“bf(B;fﬂS‘P?lHérbyﬁb‘f bedy sf@siantiealcos- | adernae), aftghigmbantationeri al deri ved

from bi ol ogi th& te'iﬁuﬁoabwfbeabaé1n££ﬂaéd/£ﬁ|1aiehamvmcﬁh@ws5@bdbf fsoBe€an be, but
is not limte neur ognal and/ or sench stegntcel | s which can be used

as nedi chyrfa?b%@'e‘?ﬂaé‘ anigaal, §-2.qy faameal, afer imp, tlé’n such that themalgtals| e of a type
of met hqdesll, BeRomabédseritally nbR-deiebiableub thenb YNBhiSlakiess. | bed herein is
shown in Figure 2. The pattern of the conductive tenplate for

el ectrodeposition of polypyrrole (PPy), for exanple, controls the shape of
the PPy scaffold that is created. By controlling the tenplate, the polyner
scaffold can be manufactured in diffigrent shapes and sizes, ranging from
thin lines to rectangul ar planar inplants, for exanple. See Exanple 5.
Tube-1i ke PPy scaffolds can be produced by plating the PPy onto a
conductive wire. For scaffold renoval fromthe tenplate, a reverse
potential is applied to the tenplate in a saline solution. Wien applied for
sufficient tinme and strength, the scaffold slides off of the wire nold with
a slight puII See Exarrpl e l. Th| s net hod reI | eves t he manuf acturer of

- v . M o,



As descri bed above, the mni-tubes nmay be fabricated into any geonetrical
shape and size. For exanple, the size and the shape of the mni-tube may be
varied in order to deliver nore effective relief. A thin, elongated
cylinder is one possible configuration, but other shapes, such as el ongated
‘rectangul ar tubes, spheres, helical structures, and others are possible.
Additional alterations in configuration, such as the nunber, orientation,
‘and shape of the mni-tubes may be varied in order to deliver nore

ef fective rel Bgthe tb@hinbldgl abi68egridaBleBndior biHaBSoriENe Qx%cfe%%ﬁﬂ&giea“ or any
ot her usef.ul S%aqpe, and q‘ﬁ% be distributed al ong_and/or around epicenter of
the spi nE™EB9eY 30X eaterial yiehds biocompafahle, aéﬁ%fllcﬂsg’l‘ﬁﬁeé‘fa)iaw ppd/Qmry
accor di nbiogbsortiable, Brd sqpablelof 66ihg forfifeld Gftolt@bdICastdeb@Rd mdr fulftiRhe a cord

| esi on t%ﬁtmiﬁf 10. n]'cron 1i n.length éJ_un'ni ng al on%.the_ | engt’h of the spinal -
cord) and"3™HCFOREqERY ?T%@Pe?%’tﬁf‘? miotigles whichis spitapleer of 15 ni crons

i n | engt npadatavinrganeamimyienalchp bl eofsctig K1bddgr&leliabd/BNBioalsdebeR Myy MET | C '
m ni -tub&tl i S'n§all'r-gi cally inserted through the | esion such that the central
section of tHE Tesion is encapsul ated by the tube. In this exanple, the
tube will extHErmcbiadgeratebleandloy bdabsonbabicaticleeynihe paedt idfentibeaeaudal and

rostral i target Jl.esi.on area. The, pol ymeri ¢ bular articles of
the pr eséljrgfé?bﬁl)%/tenr?p ?%—ﬁ&é)?eeangrbé?aebrs ?r§gblf goﬁ'ﬁf‘é& %EWB%F_O flﬁ?‘?&téé%o TS bet ween
about 0. danrhiedpombindBriwi@a, RablS. redl el 997)Ntulg pbiek afone ardriss cpblyfless havi ng

overal |l di . i 5 7 I Crons. ver, any size,
di anet erl(,ijl @éﬁg?%é%fgﬁﬁoggéﬁg% }g)gﬁg%fs’a‘g‘cjg?jj&n n]bg?'t]gzés(% ﬁréér@i Hl'ge: $S&Phed met hods
i n or dereditorsa Hershyaod A @demic Rubdibhems, dhe Netheslpndsa bp. 29 6lL, the disclosuldhe

bi oconpajd ity gqgc%%g%g%ggﬁpgfmp&[ﬁ%& %;?e%}r@{i tubes of the present

i nvention can cont armaceuti ca ol'ogi cally active substances
such as, for "®kahfibes” andt tubplet priisteat anciused intgrehanpesbicinghspresend st em cel | s.
I n anot hekegiindi ment, the present invention is directed to polymeric.
"fill-in" bandages that rmay be used for the treatnent of spinal cord '
i njuries. For"Moldshe"canddformably’ picaisedint¢sclrpaeatdyiinthe prefortm of bi oconpati bl e
pol yner @kcddienpresent invention is fabricated for surgical inplantation
into the site of the spinal cord injury. The inplantation can be
acconplished inmedi ately after nol ding the bandage to conformto the

injured site. The tBREURILED SESAAPTESROEF €HE IRGGINTICN Section of the spinal
cord, may be encapsul ated by the polyner, or alternatively, filled in with

the formed pdt§pfhed hergin predlexicenandancthads formitigating seconfarytmustieapsul at i on
of the tAHPRImiMRAeOIvedNbY sPilfl cORIYrirAhry RGHES. I MoRY RdicullryTBdiesul t in a
previ ouselﬁ/ oRsn Ieﬁboned area hei ng fi I&d in with the formed pol yner.
Encaps ul SRHOGHN GRS HaC PERET 41veRden g idiredrd i Polymems piu-tdles shl 1y i njury by

i nhi ]Eni tiﬁbglsg@fdr‘thl&eﬂrl éaugi:xgrwlls%iﬂg dotd _iihj\ir{ﬁfsJ ﬁﬂaﬂiﬁf ity ofhitt BkbdBSentBhi«lgi Ng thﬁ
gap for t h esi allo a pat hwa or. regrowi ng neyrons to reac

t he caug%ec gé%l"imc’f‘ﬁg&ﬂ'b‘? H’é\f,‘\g@ﬁs ‘F\?H%ﬁiué“ﬁiaﬁm feggimeent of spinal

Opt i ona:doyd inagiee.l Bﬁxzjéﬂaﬁﬂei,lhnefbﬂdﬂlﬁfoirb&@dﬁmmf ,gb@ﬂdf}hbaﬁml idleabl e pol ymeric
mat eri a used to. allow.c uction of .endogenous electrical activity
{7 om suRATSIGT M eIl iny FRURBS FRPCAe 1o SorEs TRRlpRIGRn Intodhe SUTRh rmt er | al
shoul d hibe {gimal eswribmioy.e in situ, such that it naturally erodes once its
function has been rformed. . Finally,. a three-di nensional scaffold creates
a substrate By M ec%gboggfl%s o eBrecsaﬁb'\’/ﬁ’?nfl?ln it r8°t§?l|g° ‘flﬂ'ﬂé(f{n%?‘% splanted in
vivo. A polymdaipenstendls shichrad be ddbripatey pto 'mirg-t¢iizY) Thdse mimixabis @n neets al |
of thesi‘beqséd B LRYITETRNE § hadbREISIRLEL Blont RELIERIAD i tibe! S Shown in

-Figure

is inserted into the epicenter of the injury, wherein the hollow tube runs through the
injury site. See Figure /. The mini-tube creates a new interface within the
compressed spinal cord parenchyma. This new interface relieves the site of pressure
and protects tissue that has been spared from injury. Pressure resulting from the

compression force exerted on the cord is alleviated by (1) diffusing or redirecting the
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The polyneric bandages of the present invention are not limted to

gl ectrical conducting polyners, such as PPy. Polyneric bandages of the
present invention may conprise one or nore nononers selected fromthe group
consisting of a glycolide, |actide, dioxanone, caprol actone, trimethylene
“‘carbonate, ethylene glycol and |lysine, for exanple. Furthernore, it is
possi bl e for the polyneric bandages to conprise one or nore bi odegradabl e
~and/ or bi oabsorbabl e |inear aliphatic polyesters, copolyner

pol y( gl yfoedei dbevncthe barfice d€}he rainithie a ety donOle inigsl dohrpresbéddiegi cal ti ssue.
Mat eri al {vwed .from biol ogi.cal tissue.can be t is not limted to,

neur onal angﬁg} Brorsthe @‘&BT&%?%W&%X F O.W?’é‘?{;‘?&g’ﬁgglg ’Tfégba?éfgthr’?ﬁ'b‘inﬁi nal
agents. tube. See Fipwrehi. dhmthpatarb) ey modidingademradabite caothyimjnied shandages of
the present. in [e]y! cont ai arpaceutical |y or .biologjcally active
subst anc%g Eyit gﬁﬁdg;slg, 8§88?ﬁ)é§( anp Iugt?rr}%%?ilgtﬁraﬁ'ﬁnﬁtﬁ%'tng?f ¥%§n,'t'%a|;%‘{/\?‘ﬁh‘? actors, and

st em cel ddgacedtsarelewberk hedtiahdiyaelevive rpddusiresrdbandagedenparethe fabricated into
structures wh i n. ' irface is.an outer scaffold having | ong,
axially ori enfgﬁegéogg,ﬁéégr llé?gé%%alrﬂi’g ’%%rﬂ? Yances naé'ﬁ %rpoﬁga?rﬁfq%eo?rg%en?o al | ow
fluid trianepionts &hdcatehints a mimignbwion soigicsbamplantatinreintdSbe sikxefitht € 7, bel ow.”
The 'nnﬁpinsap&?rﬂ(i‘rgu DSy Qﬁrimz&"ﬁt ftiglrl(?esuf@}ﬁ pﬁré@?ﬁxﬁ:gsfo? i?ged Wt h one or
nmore medicinal agents, Tor e arrpﬁ e hunman neuronal stemcells for cellular
r epl acermearotigisectiongyithecspinab pendt thatri enedpsyleted by thdpdymer: tihont ar enbodi nent
the fabrigaletedntle tQEEEdRAN IR0 FIIRNEARF1HYP o SR 1Bk dFea @ HRUD! ©
scaffold) and gi ’rruleat ggr'?'t ﬁe ar chi tlglct ureagf aé hgal th gép?eﬁacﬁocgwd t hr ough
an i npl dAt casmbneTetinprer SeediEnynbr Eneapsylafien ofhe pentrel sessetiakred t h neur onal
stem celh#imitBesd Bidhy ﬁf}@&%?'i%iﬁﬁ% LR2eli endiRYwitRidiGimdidls outer portion

emul ates the white matter. The bandage can be readily desighed to be

tai | or ecPytekinast Spatinedhe Hpidefiedaiysirgdnack aressura buithiphithia thsrordrgnt , t he

- present deer\éegyslimar@hﬁal%as._tQﬁ@gigg bifbinfed) HEBY4t 11RO E BHBFay Whi Ch can be
readily fabricated/fornmed into any shape and size, conprisSing a.single

pol yner i fer EeErYIBe Bewians Rgeaeh thhrkakidd apddonm funcHopal sgparses f ace, wherein
the fornmed bandageasréPymbRlihaidfem sidsdnbindedivh, GRYBImpaableshape and si ze.
This single palyneric scaffqld may C%Hp%se pg%ags (for exanple, on the
sur f ace RARRTJS EbAegarally smdpaivemaaenal) Thismaterid eiovs comlchdiici nal agent s

-?ng/ or %g@génbg@geaﬁgm3bt_iﬁt>em1ﬁe}&v$vlig§ héﬁomtml y%jr&ﬂh&l@@eﬂf f 3! dis- ]

abricated as described i. .15. . .In_apot her e i ment, the

present Sl“ﬁ‘(ﬂé"ﬁt 8% Spell %@Q&%@%&‘@ﬁf“tﬁbﬁ ’é’l"é’“s?ﬂcgé}mtét ’TaB’r"nB?ynpl anting

Wi t hi n argdsk iofdd itsSfunplididiias Geértiperfdimear Finallg ahrgerdimensionaledatiohi e :

bi oconmpati bl e material cooprjsing a 50:50 blend of (1 o

- pol y(| actydes VST ﬁ%wgt%ilﬁﬁ%‘ ETORM B Y a&ﬂa%wﬁa%an&d in vivo. A

pol y( | adiollewasdigdyeadkdacfoblintihi-mbk)ingdd ofgpolypyero{€l(PPpR Ifyr( dxasiplec- co-gl ycol i ¢

acid) i sche?so/glp
g

| agt.i c- co-ql [ i arein.th .ag
mol ecul ar°Sied %t%i(’ss? ad%ﬂt‘{qﬂ%?l g’ﬁ’&'%hl’é\cs(: g%%#o%@%@%%&#&f& 651*6511%&'%@96
pol ég I adslti'gtlued.: dh yur exdénplanyietibogvhanitythe bwcormp@iisie pallymet eapable-of o- gl ypolhi c f
aci d) - po ine,. . copo r._an n . r . ec r. wei 0
e hol yeT iR SiesnE RO ¥ PV ARG WS "PUUGE ERRB IR IR 20k
mol ecul gthemBenghpolyfp-phenypokyinydéneepdlyihadphene, and hemosin are examples of -

other biocompatible polymers that are capable of conducting electricity and may be

used in conjunction with the present invention. Other erodible, conducting polymers
are well known (for example, see Zelikin et al., Erodible Conducting Polymers for
Potential Biomedical Applications, Angew. Chem. Int. Ed. Engl., 2002, 41(1):141-
144). '

The polymeric mini-tubes of the present invention are not limited to electrical
conducting polymers, such as PPy. Polymeric minitubes of the present invention may

comprise one or more monomers selected from the group consisting of a glycolide, '
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is Mh -2,000. In an alternative enbodinent, the article conprises a single
hl ock_ of poly(lactic-co-glycolic acid). It is preferred that any of the
foregoing articles have a degradation rate of about between about 30 and 60
days; however, the rate can be altered to provide a desired | evel of
“efficacy of treatnment. The article nay further conprise stemcells in
association with any of the polyneric material. For exanple, the stemcells
“may be seeded onto the polyner or, nore specifically, seeded within pores
on the slaeddeCdiofindnbecapediydidie, triNyth femiRatdnlate, ¥helenBglyeel 4hgdgsind,t .S
preferable, for, the treatnent of inal cord injury, that the stemcells be
et ect odf Prale. FGHisatcfae paribl ton e rassuheniiies | Fumpei e 'n
yet anotdranore el ahdYSr‘ﬁbﬁbsﬁfbabEOﬁiBﬁﬂ Aphatic Sl Rghes, &ep&lml:d of an '
el ectricall uct as rnra  preferred that
any of | (R ELFE Y B e et PO Padt st el et ween
about SOdemneld ﬁﬁmdaylsglchn\muecan tehbutriahet Iaitedye, ahir@faband/ar provi de a desired
| evel of :‘}%ga\{tgt% e'il ”ﬂcanbl@?éa{s}r%%mp%aaéa?twt her conprise stemcells

in assocl a For exanple, the stem
cells may be Amwembednn(ﬁurtﬂee dptailjaabw eb;odngrrada‘tﬂpamdféri ln'adausygbableeded within

pores o I fmé ceI Ly Ly used. It is
pr ef er a[h tel?qﬁ? {)ﬂ&e?ﬁggtogg‘ntp%%gglgﬁé cor§ i n‘TnueFi b e?eﬁ:trngé’(q?ﬁm{lem cells be
sel ect ecbffan@mcmk amdbctgtggmlyedrl aitan tthglateeseiuchive witk, whepeindhd | S. ' In
‘anot her i t h | osed for
freati ndounaernas bAnb LS S pbiBHET {0 Rl e S SR hg
bi oconpanduasive atedn jaghlinoiaiution; fdie Robmesig npniwkEs of thelpresent
pol y(! aClH/&ltlSQ a.&llyocf ﬁHlféd%Eﬂ&n@ﬂc&oﬁ&)ct]ﬂg BL)%% QQJ PPy Cii(ol eric
pol y(l actic-co- % ycol1c acid)-polylysine't ormto Y2 'I%€8T oned area of
t he spi rainitebgselithy Rresent iyygnt{ay) may ¢qmpfeione phmorempegraers selededvi t h t he
bi oconpatihi g@ﬁﬁéd,eisung Ba %1%19&' MEti®C bidkafdtiedbaprabitndlCi d) s 75%

pol y(l actic-co-glycolic acid d wherei'n the average nolecul ar weight is
Mh - 40, Comethylpae capopptecsthdensglysad pndlysips f;sb( pxeepnle- Eetharpers jtds
aci d) - podiviBifBahk PolymrdiR MikithtRS kd Sorfitiselone of hordlibddgradi®leydniiirne copol ymer
and wherein the average nolecul ar wei ght of the poI (ﬁractl c cogl ycolic

aci d) blbdeabsprbahlg linegy abebatermlxeﬁ@reeenoé@eﬂrmﬂbéewélﬂ SR BREdGF t he

pol yl ysidag/ophRedfial Serledfron® Biogidal tissubr 1@erfdickbed ﬁ@)ﬁ&)l@l@k@ﬁll al has a
degradation rate of about between about, 30 and 60 days; \/\&fgmt he rate

can be aISE¥<8 bePyivugtdniteddadicninal andir ‘B?Se’é?hw‘t”é&‘ﬁmd’fﬂl The
mat er i alpermyd imédlemalcagmrsl see ﬁgemsgﬁirlesamﬂeassocu ation with any of the

olyneric mat er| al . exa e st eded onto the
Bol gmer or, éec?é%*eaff’ e‘g’géb‘ ﬁteﬁg? tﬁg"tﬁ(gyg‘ﬁ'isf ace of the

pol ynmer deé\mbeahemmﬁlshoxtryﬁerq@am 2oerl1¢s;ﬁdemldfthe;cq@ﬂeéte,rea&hmata‘tbf t he
treatrren inal cord injur t hat th stem be | ected from
neur onal® cé‘frgflr‘?‘g’ &ite8 °§H81/y8¥"‘1r4§§%1?f’3h i e g’,ﬁoggpfghe shap€ of E’?)?/'et anot her
enbodi mepiffad thdnis qressEnBy I::clmlﬂ)ﬂlirlglhe teanmabhbdpolsmér saalffobkchnfber treating an

open wound plna r|5|n caf f ol ol ypyrrole to
conf or mPg, icfueg‘%glﬁgfg’éepggmg# s‘ Sp ra‘naﬁl 1rrlL lhnrmim% % ?‘L?‘pfl Iling in

t he | esipparatimplests, ot exaniyde. bS@cEmpmle bl Téutpnalﬂgqol;/l?)r sdaﬁfo}rdatcem bal . The i nner
surface, ca f 0 a 844 nor e

medi ci ﬁ?"‘%‘&%@?&p‘ ? iheohr%iﬁnto ﬁﬁ%iﬁgﬁ{eeu?%ﬁa*agrs%gm cce}f:wo%]or ce I ul ar

T epl acerremplagndtoersepopsintial is appizdtto tiEtemplatsrie a seking sellgioparWheul ar

embodi MeRbried P seABIchf AhE dndifbnft HRACRRIE AR he Rireifla A4 01 ds and
simul at é§ the architecture o éalthy spinal cord through an inplant
consi st |shghtq:fulla SpoIEymBPleslcaTlflbmthOQﬁlfﬂp%thselmlefﬁcwr@rwfrﬁle\amérﬁfallsest em cel | s.
The I nn ars% %EIHQASCIO %ﬁ“ %E)ﬁell\bﬁe w;li& tg’q{lér%y retsmﬁngﬂ{ﬁcﬁyﬁ% B&Jlgs(t he Second
scaf f ol ates Ite matter by havi'ng, for exanple, long, axially
ori ent ed iﬁ@reelél fuged fproxsain yyP-dance and radial porosity to allow fluid

transport ancdBirdteliaBsvd, mrrgm lalbe& G 36 tiirivaied intdhgy RadHaggaican be
readily designed to be tailored to fit into a variety of cavities.

It.is prsberaranddizendor exenne|hesies ¥1ddhe sharg of themaidisfubs mavdieevagied Hoout

bet ween about 30 and 60 days; however, the rate can be altered to provide a
desired | evel of efficacy of treat nq@t The material may further conprise
stemcells in association with any of the polyneric material. For exanple,
the stemcells may be seeded onto '



the polyner or, nore specifically, seeded within pores on the surface of
the polyner. Any stemcell type may be used. It is preferable, for the
treatment of spinal cord injury, that the stemcells be selected from
neuronal stemcells and/ or nesenchymal stem cells. I n anot her
“enbodi nent of the present invention, a kit for surgically treating spinal
cord injuries is described. The kit may include any conbi nati on of the
-conponent s, devices, and polyneric articles, discussed above, in one or
‘nor e condrdémedslivérmodre éffagivieutliafoA thindéloregtddacylinde i96ndmssibler e- cut

pol ymer i n - f. and/aor mni-tube scaffol ds,. one. gr re
Brt1 T ci SR RRAER, SR BB B Bl KofnBSl bl Gpng e nical”
i nst r uct stowsirésoandsthery atdwoskibte. Additionaipiertivss infvenBguraticih sudhaasploment s of
the kit 'ﬂl%&,%&ﬂ%ﬁ@ﬂ,eﬂd'sﬂﬁe SRtk ‘?-.rﬁ‘Bae?%?af b%sva%@{i“ﬁq‘o#ﬁé‘r hlg; gl evant art.
Exanpl es e foll'owm ng non-11 m |n5 exanpl es have béen carried out
to il | usmereteticptiesf whele Jorimblantenthetinpfubehmay he eevtangnlar, Bx ampbtber :

Pol ypyrr L N, - | ' ; r e caf fol ds
are cr ea’_’%?s?eeﬁ"l d}’g’l %}g?{r? C dgﬁ%éﬁ??{gg ngy%h)g?%/af .%rlong%’%L%n?yrfggkip iﬁé?? m nut es
ont o 250Ny ze(engthh anddiameker)evill Sary doceuding] P withithesspinal ferdl owed by

rever se jpLigh 1wk dated. Fob Qciaérﬁ%g% '&thdqgsio@{hlapl‘zéﬂ;'l%gnﬁ{c/:%nstix{'fen%tgrmx\ﬁﬂln of t h?

scaffold. See Figure 3. ( . Exanpl e m ni -t Obes prevent

post - pr | Aerg/the lgngtholdhe snigal cordrand 3 mifiens deepl may semiire gpohaersor d (n=13, SCl

and contf,Ql niRte?15nSSRAE id MBEtHand having an overall diameter of 2.5 microns. The
polymeric mini-tube is surgically inserted through the lesion such that the central
section of the lesion is encapsulated by the tube. In this example, the tube will extend
approximately 2.5 microns beyond each of the caudal and rostral ends of the target
lesioned area. The polymeric tubular articles of the present invention are preferred to
have overall diameters of between about 0.1 microns and 10 millimeters. More
preferred are articles having overall diameters of between about 50 and 175 microns.
-However, any size, diameter, length can be fabricated according the herein described
methods in order to accommodate any lesion of the'spinal cord.

The biocompatible and biodegradable polymeric mini-tubes of the present
invention can contain pharmaceutically or biologically active substances such as, for '
example, anti-inﬂaxnmatoﬁes, growth factors, and stem cells.

In another embodiment, the present invention is directed to polymeric "fill-in"
bandages that may be used for the treatment of spinal cord injuries. For example, an

“erodible, or biodegradable, form of biocompatible polymer of the present invention is
fabricated for surgical implantation into the site of the spinal cord injury. The
implantation can be accomplished imn;lediately after molding the bandage to conform
to the injured site. The target area, for example a necrotic section of the spinal cord,
may be encapsulated by the polymer, or alternatively, filled in with the formed
polymer. The implantation may result in complete encapsulation of the target area or
only the central necrotic area; or may result in a previously open lesioned area being
filled in with the formed polymer. Encapsulation of the central necrotic area
minimizes secondary injury by inhibiting cell-cell signaling with inflammatory
cytokines. Bridging the gap foﬁned by the lesion allows a pathway for regrowing

neurons to reach the caudal side and the formation of functional synapses.
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MRl i mages of post-injury cavity devel opnent, studied two nonths post
~injury, show large cavity formation in the control spinal cord (wherein
injured cord was not treated with surgically inplanted mini-tube), as
conpared to the PPy-treated spinal cord. See Figure 4. Exanple 3:
"Open-field | oconotor scores for polypyrrole-inplanted rats. and |esion
control rats. Results fromthe polypyrrole mni-tube scaffold showed
-functional | oconotor inprovenent as early as 2 weeks post - injury. The
anmount of funOptiondly, ancdawirally comhativy forinable@and biceainpatable pbh@hesiccont i nues
to incre f to eks. See figure 5. Treated ani.mals are capabl e of
wei ght - b@%ﬁe{‘ﬁg‘(‘%ﬂge !flsuerq?: :é\ﬁc;on“éfonsd[‘slgtﬂ)%rf %fge,“d%%ﬂ"gs ﬁ%%%%é’&?‘gg? %ﬂ‘?’m&l s show
great |y slirmivirigsteerbnk, thetebyrrofnotiog icah suriivgh eAnycsuck atataiat shdudldbes show t hat
the fluig fill 1 i.s.redu .t h herei.n described i nplant. As shown
in fi gur%Ogﬁsgrtbﬁﬁejleg%?'?\uafécéjc}fﬁ% llprga%ﬁr\é\ir%efoﬁf’ PR e é?sgtfeef’s barely visible
when t r eperédmailt Ringlhy,\athireealimensBingtisgflatiiadrtatescnsiibstratd by edighatellbl e pol yner s
are wel | WP [ I i tion. Exanple
& pol ypyatRowdi edhh uBRTRE MR R e SRR U EE | U
pol ypyr r pHepysesile iy).rfonexample medismblrafithese debign rghuiadohénts. t 4 stlenimtigan neur onal

- stem cel | She Pafard :3H S IOwaAME Fiddre fOr exanple. In an in vivo study, a 25mm
contusion 1njury was delivered via the NYU | npactor on Sprague-Dawl ey rats.

| mredi at el y e Rakymgriq handages iof thetpsesenoinyentian aearnot imdieddo clepieicelor d meni nges
were | ncéq?zﬁgcﬁ’ﬁgtﬂblﬁnég‘,%ﬁéh LR Y RES Vandagd 1ok t}{%;bté?se&l QMg rh

neur osur gi cal deconpression and creating a. space for 1nsertion %? t he tube.
| n scaf f IePrise €8¢ ApmPregroRamacrs sqkectqad ke Mpesergap eonsisgeg peelglyaelds he cord,

tar geti ngchdee doRadng) casaﬂa?étoxﬁmm%emylawmgwla@%tﬁﬂeﬁe/g?eol%a §JsidPl ant at i on,
the dura was covered and seal ed using the Duragen collagen matrix and

over | yi n§r exaRRiesFatherrers & ivRessiblees hsinelmnenc bapdagss forPMITISPPYE ni ni - t ubes

(rn. or more biodegradable and/or bioabsorbable linear aliphatic polyesters, copolymer
poly(glycolide-co-lactide), and/or material derived from biological tissue. Material
derived from biological tissue can be, but is not limited to, neuronal and/or
mesenchymal stem cells which can be used as medicinal agents. |

The biocompatible and biodegradable polymeric bandages of the present
invention may contain pharmaceutically or biologically active substances such asv, for
example, anti-inflammatories, growth factors, and stem cells. As described above, the
polymer bandages may be fabricated into structures wherein the outer surface is ah
outer scaffold having long, axiaﬁy oriented pores for axonal guidance and/or radial
pores to allow fluid transport and inhibit ingrowth of scar tissue. See Example 7,
below. The inner surface, or inner scaffold, may be porous and seeded with one or
more medicinal agehts; for example human neuronal stefn cells for cellular
replacement and trophic support. Therefore, in this particular embodiment, the
fabricated and formed bandage comprises two scaffolds (a double scaffold) and
simulates the architecture of a healthy spinal cord through an implant consisting of a
polymer écaffold, perhaps seeded with neuronal stem cells. The inner scaffold
emulates the gray matter; the outer portion emulates the white matter. The bandage
can be readily designed to be tailored to fit into a variety of cavities.

In another embodiment, the présent invention relates to biocompatiblé
polymeric bandages, which can be readily fabricated/formed into any shape and size,

comprising a single polymeric scaffold having an inner surface and an outer surface,
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Tube-1i ke PPy scaffolds were produced by plating the PPy onto a conductive
wire nold. This technique can be scal ed to produce scaffolds of any |ength,
i nner dianeter, and outer dianeter. Furthernore, surface roughness can be
controlled with electroplating tenperature (figure 2). Scaffold extraction
‘fromthe tenplate by application of a negative potential in a saline

sol ution. The negative potential causes el ectrochen cal reduction and -
slightly increases the size of the scaffold. It can then be nechanically

di ssoci awheéteinrtbarforied phrafap e ybd RbABAtEH Mtd hyngdohsaicabiipbé asl §igk.ce,

resul ti n?h.i n_n dﬁ?rrna e toftge mat eri.al . Th@‘techni gue IS _an inprovenment on
the pri ot "REPRSEC CoRTIY iy SORRESe BeTFRURE PRI OR the §EKFEs, naki ng any
resul ti mgakiey caasct wigithe ksioa) foo indoriratingahéeditinalf@ents Andbrvdepositihg 1 N
“rodents, PF #eglbceelsc 1J‘Solods vver% cg}fghesdfpé eil‘fct od sition of erodible
PPy at 1GUFASEE Mo A ERFAs SEE'F LA ShisParatey R IRTMAP EX2FRISs was |
foll owedldy reverse plating at 3V for 20 seconds, allow ng renoval of the
scaffold. The_r ' S -15mm.| engt.h were sectioned into 3nm

| ong pi eces feI Srag‘?t#%ﬁtééﬁ%éiﬁrﬁgnﬁi thggeé%glme‘mg}:'!) Yo Sima Vorkes %ﬁ‘éaﬁlgre“cgend Seedi ng on
Pol yner switable forlimplanting withinipatieat'sNSGal ¢orduTbnatticlt @mprasks 8) wer e

mai nt ai I i mﬁqu ed in 70% et hanol
for 24 ﬁﬁ@ghgfﬁgoggﬁ?%@géeﬁ%agﬁggcl _ @a%ﬁ%@é@éﬁ@%@@%@r (lc'thal shaker with
5 X 105 gg¢dlis/anid) and @7 eblavkzopelmingt ¢ nody(b84icep/ghyoolic pcdbaelylysinthe nedi um
was chanﬁ%ot' t. de ! o er.e,il . nor e days
before inpl é?]P(g%' ?%)r{]lfc c%xa%%@gqsgdpgojlf% {éagggﬁ‘t%‘@g{odgl g‘%ﬁ?gg??g%%eén{m Bot h

t he i nnethe ayplagsupeleculrar fightds MRer49.G08b rTihe 42)drlogk enpolymisr efmolyflagz- 50
pol y( | acdd. y&chgilcﬁﬁg-?glcyﬁysﬁfe' iEilbs%%e%facg%?(;){%lﬂkm@%idﬁﬂc%?@giﬂe_m)_| ecul ar wei ght,

M, 40, 000) and a K copol ynmer ‘of /(I"actic-co-glycolic _
aci d) - potopplysichand whersinpheayaspgsapolgsplar vepeined thepaly(lagsFse-ghys@Ek Mh - 2000) .

The PLGA B BIGRISOM 130,000R0h8 ViR eS8 hidiithla® el @ 81 Bk pdRPpineilo&0 days, and
the functionalized pol %/trrer was incorporated to provide sites for possible

sur f ace i £3.094: i l5rn aitpmati vhembadimedtothg atticle ererIIsgs? pigels blegkief| eachi ng
process: podyRkil-bbohRblic SQbN I Rbrétbrrtd'@aPlyyoTREe fr&idthd Hi6lBd RAvef20r m was cast
over salt with a dianmeter range, of 250- 580 gg] and the solvent was al | owed
to evapdiegradationyatefjapoyhetyeeB sbput 30nag oP dayghareverniBesaie & By out er

scr:]af;o: Fhmeea t&@hfviid"eadmirasie?a olieﬂmaibjﬂo”réaﬂﬂn' ?ntphl’laﬁartﬁcﬂi@ﬁhl Exs'vliﬁirﬂﬁr;e?:hni qge i 3
the foll owi ng way: 5% (wt/vol ). sol ution t he pol. s was filtered an
i nj ect ed®oMHIEe §‘F1“ict‘?@?16‘als ‘W‘gha’\?(é’lféhq &c @Pteag {o% e§imBles x 104 ni's
into an taé kemdlelisingy be eeddadl bnto@cgolihez@nmotdpedifioaliy) scadad wathil | mat ed usi ng
a shelf tenperature-coptrolled freeze drier (VirTis). e scaffplds were
‘then reNVEPLT ?F‘ﬁ??éaf’glg@&?hﬁ?eédéngﬁgﬁ%f%ﬁgﬂé F‘r'ﬁly&e\lf%lec%ﬁﬂﬁsd)é%??&%tor unti |
use. Thefof grutchinigt pf Pihat tordinjane thin ereastam télls Hersalerted dmhf mdutlorairul at es gray -
matt er vita alfor s{rgeoé%ger ]I a erelyghi ch can be seeded with stemcells, for
exanpl e;S"GREHHRICUTEPSEEPR 014" &Mt at es the white matter with |ong,
axi al |y ori enheek qnothes ethbodimxotn tie agtidleleomoprisend smgth sshffgdrodsnty to al | ow
fluid transport while |nhibiti ' of ' l e 8:
. ; 1! Lrefrb S YL
o amt | ALY Bk P sh IR 1 BBl bE R P B
pat hol ogfipreghing.articl)s lamel a degradasivopate of Epant be@)eeh abait §0jand 6hdaysenet r at i ng
| esi on icenter tis t . eX543L 80 LG aF 1 RBddae = 8) or the
i mpl ant at1’on o eﬁﬁt&é%g %?n‘%%g%ﬁgﬂﬁfﬁﬁz ) lﬁpper p%réﬁs of 7A and 7B show
t he peneThearii¢lemag urther comprise stem cells in association with any of the polymeric
' material. For example, the stem cells may be seeded onto the polymer or, more

specifically, seeded within pores on the surface of the polymer. Any stem cell type

may be used. It is preferable, for the treatment of spinal cord injury, that the stem

cells be selected from neuronal stem cells and/or mesenchymal stem cells.

In another embodiment of the present invention, a method is disclosed for

treating an open wound spinal cord injury, comprising (a) molding a biocompatible
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epi center norphol ogi es presented in gross pathol ogy (7A upper panel) and

m croscopi ¢ i nmages (7B upper panel). Ei ght weeks after initial open wound
|l esion (i.e., T9-T10 segnental renoval of half spinal cord fromthe
mdline), only little anmount of scarring tissue was left to link the spinal
“cord. In contrast, polyner patched spinal cord (inserted inmmediately after
| esi on) denonstrated significant parenchyma protection for the initially
intact side of the cord; the spared tissue was clearly discernable at 8

weeks af meterigieoatptiainigagso: Heblend 6M$Vpdlydicticassegiscdtc dnt) An@(HeBIgat hol ogy (7A
| ower panel

).and.m,croscopi ¢ _exam nat i 7B | ower panel ). anpl.e 9:
oo 1 Dol e PP IRE B SR R o Bt o s AR oo AR el on
control thessinal cord injuriResw! (bpfillingtin thedespuicy pydarwitleths GadcbaipdtiiBowed :
functional, l.gc r_Lnprovenent as earl ks pgst .injurty. The
anount oTatFﬂ%Cﬁggkglporlggac?\g%ﬁ’fgﬂécf’gf FW@JKS?S%%Y&%E’%%@W&]'F&JF@conti nues to
i ncr easeantiovhewgin the Hrerage kil ecbine wei ghti issMb ~40j00at Fde @)ibladksopsigmenpabl e of
wei ght - bear i f .l onal _st.eppi ng,co r on-tr.eat.ed i mals show
o catl y StaRReROt-HGh: A8 hRBL R S e R teRlee i n i gure 4
show t hatolylysing ¢apiotiniidériand avhesestt the averageimetéculiat iveghhef the poly@aaic-dved i npl ant .
As sho LA i he ' I [ ' the cyst is
par ol y. Lok A5 LR Bk TR0 D80 AR R Sl idRicilak WL ARLBE £ oF o
Bi odegr audysnabldtlois M 0@ SRpaltiiprefaueidyhasitee maeriakdids aldegradation rafve art and
can be Useol belfin b6 IMan BIGRLL AwelA AR Be 1 bEUROL @R vibEGOVET Y from

i nplantation o scaffolds configured to treat

Basso- Belgsir¢ddepi @f pficasy ¢BpBiment o dhefatarisbmay dprther gompaststeracelse netric in

the spi nabs®eihfod Mty bERRPofdricthfleri MCFoHSEEhHIQ thY Qb Rbs ABPBe field
| oconotion at one dag;ynpostsur dery and at weekly 'tinme points over the course

of 6 weeredeg@sta thapobiner pe sugre speciinglly.reedudEathia pbies on thef fusfaee efonf i gured to

treat She sE10MRH ArGEMQRAkyIQRATY @d] WS PNEIREIL, BStHEMchinddBof. Weeks post
injury. See tigure 6. The anmount of functional recovery relative to.

non- t r edPB@! eFR iy thebiheistereeelis §e selested Famensurqng! stgmgelly mdigreks. The st udy
was endefesghchiyifil &iBsl efisweek 8 or 10. In additional studies, rodents were
kept for over one year and _denonstrated sustainable functional recovery as

wel | as no paR KeHaggrer smbediment theopresrat Hvartinn, 2 nisthod is disclosedforr age
| i f espanre@fingan épdh wéund syRAr sord iiery, 5EpIsaRT dRiblsscab M pdBEPASIE! at es

} \(/av];}‘ EIC';]Ithg ggr?fggr_? ];o g egiorr}ce:c{ grlearl] 09 t%se %}I;ilnglec%rg ?n?l];r];/;oalugds(b) Eﬁ%@% ?hejlés:ior%e%B open-field
area with the biocompatible polypyrrole material. The inner surface, or inner
scaffold, may be porous and seeded with one or more medicinal agents, for example

- human neuronal stem_cells for cellular replacement and/or trophic support. Therefore,
in this particular embodiment, the fabricated and formed bandage comprises two
scaffolds and simulates the architecture of a healthy spinal cord through an implant
consisting of a polymer scaffold, perhaps seeded with neuronal stem cells. The inner
scaffold emulates the gray matter; the outer scaffold (the second scaffold) emulates
the white matter by having, for example, long, axially oriented pores for axonal

~ guidance and radial porosity to allow fluid trémsport and inhibiting ingrowth of scar
tissue. The bandage can be readily designed to be tailored to fit into a variety of
cavities.

It is preferred that the polypyrrole has a degradation rate of about between
about 30 and 60 days; however, the rate can be altered to provide a desired level of
efficacy of treatment. The material may further comprise stem cells in association

with any of the polymeric material. For example, the stem cells may be seeded onto
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BBB open-field wal king scores for the four groups on the ipsilateral,

| esi oned side. See Figure 9. H ndlinbs were assessed i ndependently to
determ ne the degree of asymmetry. The rate of inprovenent for the scaffold
plus cells group was significantly greater than the rate for the
‘cells-alone (P <0.001) and | esion-control groups (P<0.004; two-way repeated
measures of ANOVA). Additionally, the scaffold alone treated group showed
'signi ficant inprovement in open-field |oconption' conpared with the :
| esi on- abmpcrlyxlnegdnoumrc( Reéiﬁcﬁ)l!i)) s¢dded vathtbporeoon tielsutfhcoofphe pdlgmer. om 14 days

after on,..a the ¢ I P <0.0 d 42 days post
injury %ﬂw Eﬁjt sren eus ‘gtﬁh @éerr]a SI s h@%ﬁ% 2 ng‘a?ffep Mai nt enance
and’ Seedmng/, that the stern/helisrtm samdteh droanndEGsl émmoﬁsl ahd/elt ©rsenehyrsdl wer e

mai nt ai n%m Ceqlsser um cont ai ning nedi um Saffol eds were soaked in 70% et hanol

for 24 hrs finsed three tines in PBS, and seeded on an orbital shaker. with
5 X 105 ceI | 4t mhother @%@dlnneMOﬁMmpd@sﬁntedvmﬁ:@klafqr simgoaalattertingThe medi um

was Cha?ﬁ%ﬁl 48 d}@ﬁ‘és lggé(scnﬁ&? 1%}@”13_} [ oI Og‘é‘ox’nﬁ'ﬁﬂt%ﬁ %Eor 4 nmore days

bef ore ant a ron. nventi onal
hi st opatchwipoggnts, énalcsssmsd PRi¥mpli¢ Mllc}@e.dilmsaehelbe\m frednecaymebrei ssue t o

det er i g, ARRIRRIRN] BR LONIARAL & oACGARGRe LY DM EKAhGa@Nd heal § ng

processes. croscopic | mages (%eove hat the injury area was significantly

r educed sewtfdidsoand/erapinixvbe seaffoldre ane ormheregytificial duer @ tamsungltaebrest r at ed
m ti gat gfl 368k twgdraﬁes' i ek &diokY fdr €k %%?&@&M&%A@ﬁiéem arpat hol ogy

whi ch was” 1 npeded by both polymer plus Stemcells and by polymer al one as
wel | . i somppeents@ighe kihmpyigpaekaged insa ggrilemanppsisinewitia tha relexed wit h

pol ypyrrgl e. Exanple 14: The | evel of functional recovery after the
sanme nodel of injury is further lifted by treatnent of human NSCs seeded
PLGA pol yner as denonstrated in figure 9.

Examples
The following non-limiting examples have been carried out to illustrate

preferred embodiments of the invention.

Exarﬁple 1: Polypyrrole mini-tube fabrication (I).

_ Polypyrrole tube scaffolds are created by electrodeposition of erodible PPy at
100pA for 30 minutes onto 250 um diameter platinum wire. See figure 2. This is
followed by reverse plating at 3 V for 5 minutes, allowing for the removal of the

scaffold. See Figure 3 (C and D).

Example 2: PPy mini-tubes prevent post-primary injury cavity formation in the
lesioned spinal cord (n=13, SCI and control rats, respectively).

MRI images of post-injury cavity development, studied two months post
injury, show large cavity formation in the control spinal cord (wherein injured cord

was not treated with surgically implanted mini-tube), as compared to the PPy-treated

spinal cord. See Figure 4.

Example 3: Open-field locomotor scores for polypyrrole-implanted rats and lesion

control rats.

Results from the polypyrrole mini-tube scaffold showed functional locomotor

improvement as early as 2 weeks post injury. The amount of functional recovery
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100% of treated ani mal s were capabl e of wei ght-bearing and functi onal
stepping. As shown in the figure (figure 9), 50%of treated animals net the
rigorous criteria of Consistent plantar stepping and Consistent FL-HL
coordi nation during gait; and Toe cl earance occurs frequently during
‘forward |inb advancenent; Predom nant paw position is parallel at initial
contaet and rotated at lift off, corresponding to a BBB score of 16 or

-hi gher. None of the non-treated control animals reached this high standard
of r ecowvelayiyve hudonradanet conxrbiskohethieg tenktegsadforup ich edelb. rﬂd:elﬂgirb:ff uncti on.

Exanpl e | d a e scaffold was
Fabr | cat BarE SR FE Bl oAl SR M and nctional S ainel MBI prcy (7%
nunber averaigaimal oW greaﬂ&edgﬂnmshémmndhnm,ﬁﬁﬁﬁ)m aMdgm:tlblrmharmepol ynmer of -
pol y(l ac | i i.0)- pal. i 25% PL | gk 4 000,

pol yl ysi 1ir}'le(éfﬁ S%OE' L}\{ﬁﬁt%e gﬁ%%]pehfﬁa %t er\;\jg‘gl(ﬂ?:%g%rglr\n ecs)crgbc egr adat i on
rate of shbwotin §6uEd, tespinabemtd isypofelineti andahé mdlsmrq}mmh}vawhcmcor por at ed

to provig i Si scaffol d was
B e A e T S S S Sl
bl end i rknokindn gfecqarangeean bgasedoindhe prasent yiventian. di anet er range of

250-5001. 1m and the solvent was allowed to evaporate. The salt was then

| eached in water. The product is a single Eorous pol ymer | ayer which can be
seeded viPtample &nPelypymsole mini-akenplyeer ExaehPEIs16: Spinal cord tissue

anal ysis. BiocontpatiBRl &%Knl%aez%&g%%?’mm@%eb HEHOREA A BhY tAnal ysi S of

spinal cord tissue (VI a staining of glial cells at 2mm
rostral hunanmeutopalj sipm eplisc Sive digprer By and ¥3 foneanmleAnsngr prgtudyohe and

especi alis)hrﬁ’le@ﬁuss&af,ﬁ@ydva%%ﬂeéeawﬁahn@umm%%abn ShepuEHalwieyratsked! y

reduced scarring formation in the injured area. nght S staining of
i nfi | tr dPeRpdipsely At inriie testhedtpreet EpoNps)the FrE RMNBSE BIEF t | ssues 2mm

rostral jh@sddheith £ appiokprdtal 1AM thailldlish reeRl{shgical one and
especially PLGA scaffold seeded with human neural steqlézel | s markedly

i npeded deRtPpiersitn B GrativriasPacs TR rSPriPReSthE TRy dP BFETAN tFIEeBYi de
synt has ro@R thi @hplahBtwré IReddd iR thé 66:1d, tafpelfip iR ckhiralTphslahdcord injury

(SCl) surgic roce ures nd ani ma rocedures and
ol Caatind TSR Re: BT ing, e B4h i FAESOER SRR ant s wer o
anest hetthg Bdraged &)lﬁgéi%rﬁh'imﬁﬂ oviesigingttiesueo butiitedrtldsd®0 ng/ kg

Example 5: Fabrication of PPy mlm-tubes dan.

Tube-like PPy scaffolds were produced by plating the PPy onto a conductive
wire mold. This technique can be scaled to produce scaffolds of any length, inner -
diameter, and outer diameter. Furthermore, surface roughness can be controlled witﬁ
electroplating temperature (figure 2). Scaffold extraction from the template by
application of a negative potential in a saline solution. The negative potential causes
electrochemical reduction and slightly increases the size of the scaffold. It can then
be mechanically dissociated from the platinum wire mold with minimal applied force,
resulting in no démage to the material. This technique is an improvement on the prior
method of etching the inner wire with harsh organics, making any resulting devices
unsuitable for implantation. For in vivo tests in rodents, PPy tube scaffolds were
created by electrodeposition of erodible PPy at 100pA for 40min onto 250pm

~ diameter platinum wire. This was followed by reverse plating at 3V for 20 seconds,
allowing removal of the scaffold. The resulting tubes of 10-15mm length were

sectioned into 3mm long pieces for implantation.
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i.p.). Using a dissecting microscope, a |latninectony was nade at the
9th-to-1 Oth thoracic (T9-TI O spinal vertebrae, followed by a | ateral
hemi -section at the T9-T10 | evel by creating a 4-mmlong | ongitudinal cut
along the mdline of the cord with a No. 11 surgical blade, followed by
“lateral cuts at the rostral and caudal ends and renoval of the tissue by
aspiration. The surgical blade was repeatedly scraped al ong the ventral
-surface of the vertebral canal, followed by aspiration to renove any
residual fibers at the lesion site. After gelfoamtriggered henostasis
occurredg an inp ent blind erver, confirned the adequacy of the

| ength and Bt ead?ﬁﬁ%?alf‘ﬁgachgp‘ggee%ﬁ?fl a?‘Y‘E‘ﬁ%'E“’I‘FﬁESWaS t he surgeon -
i nf ornmed . of tMBnthBISCHBmurc(qat ﬁmm@:usé)ywqw apanadgd mcschma-aﬁl-rtiiﬂingtered to the
| esi on | e fli e sim Cross I

exper i rrer;rE? al g ?ggﬁ%]\é’gﬁl t{%asrcl)fﬂl;matrﬁlegll ﬁép?th {%2419‘15 i ?eta et '%8%§I5t| ng of
i nserti mdoﬁedeﬂ®nmﬁ©rls@édlmeswahﬁd( dIO(deﬁs/aflfaoBﬁ(binuﬁnmaﬂiIﬁsd 'S% = 13), or

one of thg t 0 Iant wi t hout
NSCs- (SR Fof §af B hheALAERY as 5n A AGE o, 4 R ImbR . 001 <

al one, " 1ncubagggl)for@)mo(@qayg@nfor@mlmum one ("lesion control n =12).
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What is clainmed is: 1. A biodegradabl e and/or bioabsorbable electrically
conducting tubular article suitable for treating a spinal cord conpression
injury in an animal, 2. The nethod of claim1, wherein the electrically

- conducting tubular article is selected fromthe group consisting of

"pol ypyrrol e polyner, polyaniline, polyacetyline, poly-p-phenylene,

pol y- p- phenyl ene-vi nyl ene, pol ythi ophene, and henosin 3. The nethod of
-claim 2, wherein the electrically conducting tubular article is

pol ypyr r eienter snorplitogied prawented ih ghogh pathalogy ¢l L upfer phdlyanl, wherein the
articleIgﬁ§m%Q.QYerqgl7€ianeterlo%ﬂggtmegnfibouglo.l nicrgps.and 10
mi |1 i et BiCGosCORC iigges (718 upperipangly, Bight wegks affqr anifipl open wonad I6Sipnr o n t he

articl e (ias TaT IOwegmkhtadiemoeblext half shiablweed framaté mbdlirenGnly/Bitlgi crons. 6.
The polyperic rubular.article-of .claimdl  conprising one or npre nedicinal
agent s il p%usnI pLsram tis eew%-srlteftg gnk file spinal &AL 3T t, poFymer patcEled

spinal cord (inserted immediately after lesion) demonstrated significant parenchyma

protection for the initially intact side of the cord; the spared tissue was clearly

discernable at 8 weeks after penetrating lesion insult at levels of both gross pathology

(7A lower panel) and microscopic examination (7B lower panel).

EXample 9: Open-field locomotor scores for polypyrrole-implanted rats and lesion
control rats.

Results from the polypyrrole scaffold showed functional locomotor
improvemen.t as early as 2 weeks post injury. The amount of functional recovery
relative to non-treated controls continues to increase for up to 6 weeks. See figure 5.
Treated animals are capable of weight-bearing and functional stepping, where non-
treated animals show greatly diminished hindlimb function. Magnetic resonance
images in figure 4 show that the fluid filled cyst is reduced with a herein described
implant. As shown in the figure, the spinal cord is more intact and the cyst is barcly
visible when treated with polypyrrole mini-tube scaffold. Biodegradable and/or
biocompatible polymers are well known in the art and can be used in the present

invention.

Example 10: Functional recovery from implantation of PLGA scaffolds configured to
treat SClIs.

Basso-Beattie-Bresnahan (BBB) scoring, the standard quantitative metric in
the spinal cord injury research field, was used to evaluate open-field locomotion at
one day postsurgery and at weekly time points over the course of 6 weeks post-injury.
Results from the PLGA double-scaffold configured to treat SCI showed functional
locomotor improvement as early as 2 weeks post injury. See figure 6. The amount of
functional recovery relative to non-treated controls continued to increase for up to 8-
10 weeks. The study was ended at the end of week 8 or 10. In additional studies,
rodents were kept for over one year and demonstrated sustainable functional recovery

as well as no pathology in reaction to the product. Because the average lifespan of a
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7. The polymeric tubular article of claim1, wherein the polynmer conprises
a nononer selected fromthe group consisting of a glycolide, |actide,

di oxanone, caprol actone, trinmethyl ene carbonate, ethylene glycol and

|l ysine. 8. The polyneric tubular article of claim1l, wherein the polyner-
"conprises a biodegradabl e and/or bioabsorbable |inear aliphatic polyester.
9. The polyneric tubular article of claim8, wherein the linear aliphatic
‘pol yester is a polyglycolide or a copolymer poly(glycolide-co-Iactide).

10. The rpois Rryesrscthe tdnd yaear plins'i sthdy ddmatlsaates dffedtivenias bf thbderdd i cl € i s | onger
t han thgicoq¥ esz#gf injury. 11. The polyneric tubular article of claim
10, wher&tH’ 5“’0 tle is approximately 1.5 tinmes | onger than the | ength
of the |nJury 12. A nethod for treating a conpression spinal cord injury,

conpri si |n 9 et _conpression injury site in an aninmal a
blodegrég ngﬁg§ |oa gg? rggc%gfynerlc hol | ow tube. = 13. The net hod

of claim 12 BRB bpmaﬁdd waikisg sgpresrfeathe rﬁqxrtgmlp&mnrthé ipailsthrag pesialed

deconpr &R Q0 Fsg{n%%r ¥indlimbs were assessed independently to determine the degree
of asymmetry. The rate of improvement for the scaffold plus cells group was
significantly greater than the rate for the cells-alone (P <'0.001) and lesion-control
groups (P<0.004; two-way repeated measures of ANOVA). Additionally, the scaffold
alone treated group showed significant improvement in open-field locomotion
compared with the lesion-control group (P .< 0.05) (P <.0.05) for all time points from
14 days after SCI on, and the cells-alone group (P < 0.05) at 21, 35 and 42 days post
injury (ANOVA, Bonferroni post hoc analysis).

Example 12: Cell Maintenance and Seeding.

Murine and human NSCs (neuronal stem cells) were maintained in serum-
containing medium. Saffoleds were soaked in 70% ethanol for 24 hrs, rinséd three
times in PBS, ahd seeded on an orbital shaker with 5 X 10° cells/m] at37°Cina
humidified 5% CO-/air incubator. The medium was changed the next day, and the:

implants were incubated for 4 more days before implantation.

Example 13: Histopathology.

Conventional histopathologic analysis was performed on the spinal cord tissuc
to determine changes of lesion scale, secondary injury events and healing processes.
Microscopic images proved that the injury area was significantly reduced with our
implant treatment. The spinal cord also demonstrated mitigat.ed scarring as indicated
by the reduced astrogliosis, a pathology which was impeded by both polymer plus |
stem cells and by polymer alone as well. is more intact and the cyst is barely visible

when treated with polypyrrole.

Example 14:

The level of functional recovery after the same model of injury is further lifted

by treatment of human NSCs seeded PLGA polymer as demonstrated in figure 9.
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14. The method of claim 12, wherein the tube is inserted subsequent to

spi nal deconpression surgery. 15. The nethod of claim 14, wherein the tube
i s conposed of a electrical conducting polymer. 16. The nethod of claim 15,
wherein the polynmer is polypyrrole. 17. The nethod of claim 12, wherein
‘"the tube is seeded with at | east one nedicinal agent. 18. The nethod of
claim17, wherein the at | east one nedicinal agent is contained on the
-inner surfaces of the tube. 19. The nethod of claim 17, wherein the at

| east onEOfredf tréanal andigels twecocaprbls ef weighrbearidgsand fﬁﬁbnoﬁhie;temtdgod\sof claim

neur onal SeRai Be R R EORSE S RE LTkl e 350K RGRa R o7
i mpl ant i Gepswsienh plangr ptapplegahdsCemmait FicHH coordinasion rdgrieggm’ntahdmoy of a

I ngl f
; '0:13( Facﬁ%cin%%g 8Irs ?r ﬁ@enﬂ??y%ng %o%%%ﬁ Q(Ii\?anrrgmgnrtl lg‘redoml antI psalwng

position is parallel at initial contact and rotated at lift off, correspondmg to a-BBB
score of 16 or higher. None of the non-treated control animals reached this high .

standard of recovery, but rather exhibited greatly diminished hind limb function.

. Example 15: Single scaffold fabrication.

The single scaffold was fabricated from a blend of 50:50 poly(lactic-co-
glycolic acid) (PLGA) (75%, number average molecular weight, Mn, ~ 40,000) and a
block copolymer of poly(lactic-co-glycolic acid)-polylysine (25%, PLGA block Mn ~
30,000, polylysine block Mn ~ 2000). The PLGA was chosen to achiéve a |
degradation rate of about 3060 days, and the functionalized polymer was
incorporated to provide sites for possible surface modification. The single scaffold
was made using a salt-leaching process: a 5% (wt/vol) solution of the polymer blend
in chloroform was cast over salt with a diameter range of 250-500 um, and the
solvent was allowed to evaporate. The salt was theﬁ leached in water. The product is

a single porous polymer layer which can be seeded with stem cells, for example.

Example 16: Spinal cord tissue analysis.
Pathology, histology, and immunocytochemistry analysis of spinal cord tissue |
(via GFAP and DAPI staining of glial cells at 2mm rostral to the lesion epicenter)
revealed that PLGA scaffold alone and especially PLGA scaffold seeded with human
| “neural stem cells markedly reduced scarring formation in the injured area. Wright's

| staining of infiltrated polymofphonucleic leukocytes (PNLs) in spinal cord tissues
2mm rostral to the lesion epicenter show that PLGA scaffold alone and especially
PLGA scaffold seeded with human neural stem cells markedly impeded infiltration of

PNLs, a major iNOs (inducible nitric oxide synthase) carrier, into the spinal cord.
Example 17: Spinal cord injury (SCI) surgical procedures and animal care.

Surgical Procedures and Animal Care. Fifty adult female Sprague—D'awle.:y rats

were used. Animals were anesthetized with a 4% chloral hydrate solution (360 mg/kg
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22. A nedical article suitable for inplanting within a patient's spinal
cord consisting of a single scaffold of a nol dabl e bioconpatible materi al
~conprising an electrically conducting polynmer. 23. The nedical article of
claim 22, wherein the electricity conducting polynmer is selected fromthe
"group consisting of a polypyrrole polynmer, a polyaniline, a polyacetyline,
a pol y-p-phenyl ene, a poly-p-phenyl ene-vinyl ene, a pol yt hi ophene, and a
-henbsin. 24. The nedical article of claim?2l, wherein the -

pol y( | aditp.x Usingg dissettirg mixrébcopes a Tatinpabinlyl veesto e tHgl 9le-ed-1t@haci d) and

arti ol 6 Brest T aai9) TBpdi sl Tolh o dhiriPehaecionatbFaBalThn Tate of
about bdevel by cadating a@&pmn]dn@dbr@ﬁy@inal C&Baloﬁ'@ﬁle_rmid_iiﬁabf ﬂhét:bx@ll wittod cl ains 21
bi ocompal bl TATLPI4F: Pabe st Bl B8R andPidel i 38 “Wher i n the
st em celremonalef shed tEesstebly aspimiiérh hgsongjicat blade ks rpcatdipscmptodlons em cel |'s
and MBS GRC DA s3FeEBe fRVeRpbralinall 851 WRE'oS ApiPltiohGb Ferllveng! M 27, Wherein

residual fibers at the lesion site. After gelfoam-triggered hemostasis occurred, an

independent blinded observer confirmed the adequacy of the length and breadth of the

lesion. Only at that time was the surgeon informed of the treatment (previously

prepared) to be administered to the lesion. -The lesion was affirmed a priori to be

similar across all experimental groups and animals. Either the full treatment,

consisting of insertion of the NSC seeded scaffold (‘‘scaffold plus cells,”” n = 13), or

one of three control treatments was performed: (a) polymer implant without NSCs

(‘“scaffold alone,”’ n = 11; (b) NSCs suspended in medium (““cells alone,”’ n = 12); or

(c) hemi-section alone (‘‘lesion control,”” n = 12). Surgeries were performed in a

randomized block design. The surgeries for the implant plus controls were performed

on the same day to minimize differences between groups arising from any refinement

in surgical technique during the study, and the order was varied each day to reduce

surgical bias. Hemi;sections were alternated between the right and left sides to further

reduce bias. Following either the full or control treatment, the musculature was

sutured, skin closed, and the animal recovered in a clean cage on a heating pad.

Ringer’s lactate solution (10 ml) was given daily for 7 days post-op and bladders were

evacuated .twice daily until reflex bladder function was established.

Because immunosuppressive agents such as cyclosporin A have been shown to

be neuroprotective on their own, these experiments were performed without such

neuréimmunophilins to avoid this confounding varihable. Donor cells were |

nevertheless present at the end of the study. A separate group of scaffold plus cells

animals underwent the same procedures as above and were maintained for one year. |

All procedures were reviewed and approved by the Animal Care and Use -

Committee of our institutions.

Example 18: Functional recovery analysis summary for bandage-scaffold.
See Figure 8, wherein a, Montages of still images of animal open-field

walking in “lesion only” (top row) and “scaffold with high dose hNSCs” (bottom
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29. A nethod for treating an open wound spinal cord injury, conprisi hg (a)
nol di ng a polyneric bioconpatible material consisting essentially of a
single scaffold article conprising poly(lactic-co-glycolic acid) and (b)
filling in the lesioned area with the bioconpatible material. -30. A nethod
"for treating an open wound spinal cord injury, conprising (a) nolding a

pol ynmeric bi oconpatible material consisting essentially of a single
scaffold article conprising an electrically conducting pol ymer and (b)
filling row)tthd chiosistied3BRopan- ﬁkltihvaﬂlh‘ag bdomso*ﬂrpahtisblwe satardf groups 31. The

met hod qf n th ct| c colic aC|d) s 75%

pol y(|I ag ?agedgiélm %I% e%dgé:mds)mgzeg f(he?%\gle 58’@ Fecul ar weight is
wvh -40, O@@uﬁca@@y th‘lEr thet Hb SO onllyagxmlpZBBfBrscafk of\hieneémgd; R=0oky mer i ¢

bi oconp r daj | ween about 30 and
60 day s%}%ﬁlagﬁ&% J"%OB‘?‘? c‘?’a ng) 2 aﬂgldfgﬁ}? ere&mbt (geftg i e scaffol d
furt her dv@ﬁp‘h%& fot wigh dedd, and Hesigs oulyazioop (1iQ.601 foe regulay deosd, ¢

bioconpasldif HhEhidle, ANtvATBEAARD ds% sPhocl-Riylie? ame WAL BGkpe stem cells
are selecte from the ¢group consistin feur Stém ce

mesenchyeredp @F@m’(t@ia@é POhBBer lAamrlglefmrouSrlemrldnggm The rei¢ ocord i njury _
conpri siiRgdvanRRealsY sHEW:% s?%?ﬁﬁ@a'nﬁ? feafR Galdk lmgcegé&é LGeRfAl fol ds, one

or nore pleces of artificial dura trimm ng I nstructions for use
t her eof groups than the “hNSCs only” group (PO 004 for regular dose P<0.001 for high

dose, two-way repeated measures of ANOVA), scaffold group (£=0.004 for regular
dose, P<0.001 for high dose), and “lesion only” group (£=0.004 for regular dose,
P<0.001 for high dose). ¢, Inclined plane tests. When facing downward, the
hNSC+scaffold treated rats could stabilize their bodies on inclined boards angled at
significantly higher degrees (Kruskal-Wallis test, P<0.001). Parametric and non-
parametric analysis both reveal similar results. d, Pain withdrawal reflex scores. The
left cﬁrve panel is the percentage of animals in each group scoring 2, corresponding to
normal response. The right panel is the percentage of animals in each group scoring 3,
indicating hyperactive response. The two panels consistently indicate that the groups
reéeiving hNSCs seeded in single-'scaff'olds showed significantly improved hind limb
reflex which was correlated with hNSC doses (Pearson xz-test of independeﬁce). e,
Percentage of animals in each group demonstrating normal righting reflex. Groups
receiving hNSCs seeded in single-scaffolds had significantly higher percenfage of rats
that recovered .their righting reflex comparing to other groups (Pearson ¥ test).
Although the particular aspects of the invention have been described, it would
be obvious to one skilled in the art that various other modifications can be made |
without departing from the spirit and scope of th.e invention. It is therefore intended

that all such changes and modifications are within the scope of the appended claims.
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36. The kit of claim 35, wherein the one or nore polyneric scaffolds
conprises a 50:50 blend of (1) poly(lactic-co-glycolic acid) and (2) a
bl ock copol ynmer of poly(lactic-co-glycolic acid)-polylysine. 37. The kit
of claim 35, wherein the one or nore polyneric scaffolds conprises
"poly(lactic-co-glycolic acid). 38. The kit of claim 36, wherein the (1)
poly(lactic-co-glycolic acid) is 75% poly(lactic-co-g,lycolic acid) and has
‘an average nol ecul ar wei ght of M -40,000. 39. The kit of claim36,
wherein the (2) block copolynmer of poly(lactic-coglycolic acid)-polylysine
I's 25% pWwhytik akximed so- gl ycol i ¢ aci d) - pol yl ysi ne copol yner and wherein the
pol y(l actic-co-glycolic acid) block has an average nol ecul ar wei ght of M
- 30, 000 Bnd tAdiodegmtiatde arel/dol boodbsirhable rleatrienliyy cominttirg tubulanvetigiht of Mh
-2,000. 449,.Th Lt al i . one nore pol yneric scaffol ds
an e|ec“3?%8ﬁfﬁh%8ﬁ%ﬁg‘?ﬁg%§2?§&%§¥ﬁmg?5Q$HBQV?@B§f claim 40, wherein the
el ectrically conducting polyner is selected fromthe group consisting of
pol ypyrrpl e RRINERM b ainPEIRFE] Wl Meiari RRY o RRRERY hBfir aricle i
pol y- p- phenyl ene-vi nyl ene, pol yt hi ophene, a enosT n.

selected from the group consisting of polypyrrole polymer, polyaniline, polyacetyline,

poly-p-phenylene, poly-p-phenylene-vinylene, polythiophene, and hemosin

3. The method of claim 2, wherein the electrically conducting tubular article is

polypyrrole.
4, The polymeric tubular article of claim 1, wherein the article has an overall

diameter of between about 0.1 microns and 10 millimeters.

5. The polymeric tubular article of claim 4, wherein the article has an overall

diameter of between about 50 and 175 microns.

6. The pol&meric tubular article of claim 1, comprising one or more medicinal

agents deposited onto the article.
7. The polymeric tubular article of claim 1, wherein the polymer comprises a
monomer selected from the group consisting of a glycolide, lactide, dioxanone,

caprolactone, trimethylene carbonate, ethylene glycol and lysine.

8. The polymeric tubular article of claim 1, wherein the polymer comprises a

biodegradable and/or bioabsorbable linear aliphatic polyéster.

9. The polymeric tubular article of claim 8, wherein the linear aliphatic polyester

is a polyglycolide or a copolymer poly(glycolide-co-lactide).

10. - The polymeric tubular article of claim 1, wherein the article is longer than the

compression injury.
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42. The kit of claim4l, wherein the electrically conducting polyner is
pol ypyrrole. 43. The kit of claim35, wherein the one or nore scaffolds
has a degradation rate of between about 30 and 60 days. 44. The kit of
claim 35, wherein the one or nore scaffolds conprise one or nore nedicinal
“agents deposited onto the article. 45. The kit of claim44, wherein the
one or nore.nedicinal agents conprise stemcells.

11.  The polymeric tubular article of claim 10, wherein the article is approximately

1.5 times longer than the length of the injury.

12, A method for treating a compression spinal cord injury, comprising implanting
into a target compression injury site in an animal a biodegradable and/or

bioabsorbable polymeric hollow tube.

13. The method of claim 12, further comprising treating the animal with spinal

decompression surgery.

14. The method of claim 12, wherein the tube is inserted subsequent to spinal

decompression surgery.

15. The method of claim 14, wherein the tube is composed of a electrical

conducting polymer.
16. The method of claim 15, wherein the polymer is polypyrrole.

17, The method of claim 12, wherein the tube is seeded with at least one medicinal

agent.

18. The method of claim 17, wherein the at least one medicinal agent is contained

on the inner surfaces of the tube.

19. The method of claim 17, wherein the at least one medicinal agent comprises
stem cells.
20. © The method of claim 19, wherein the stem cells are sclected from the group

consisting of neuronal stem cells and mesenchymal stem cells.

21. A device for implanting within a patient's spinal cord consisting essentially of
a single scaffold of a moldable biocompatible material comprising poly(lactic-co-

glycolic acid).
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22. A medical article suitable for implanting within a patient's spinal cord
consisting of a single scaffold of a moldable biocompatible material comprising an

electrically conducting polymer.

23.  The medical article of claim 22, wherein the clectricity conducting polymer is
selected from the group consisting of a polypyrrole polymer, a polyaniline, a
polyacetyline, a poly-p-phenylene, a poly-p-phenylene-vinylene, a polythiophene, and

a hemosin.

24, The medical article of claim 21, wherein the poly(lactic-co-glycolic acid) is
75% poly(lacti'c-co-glycolic acid) and wherein the average molecular weight is Mn
~40,000.

25. The medical article of claims 21 or 22, wherein the article has a degradation

rate of about between about 30 and 60 dayé.

26. The medical article of claims 21 or 22, further comprising stem cells in

association with the moldable biocompatible material.

27. The medical article of claim 26, wherein the stem cells are selected from the

group consisting of neuronal stem cells and mesenchymal stem cells.
28. The medical article of claim 27, wherein the stems cells are human stem cells.

29. - A method for treating an open wound spinal cord injury, comprising (a)
molding a polymeric biocompatible material consisting essentially of a single scaffold
article comprising poly(lactic-co-glycolic acid) and (b) filling in the lesioned area

with the biocompatible material.

30. A method for treating an open wound spinal cord injury, comprising (a) |
molding a polymeric biocompatible material consisting essentially of a single scaffold
article comprising an electrically conducting polymer and (b) filling in the lesioned

area with the biocompatible material.
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31. The method of claim 29, wherein the poly(lactic-co-glycolic acid) is 75%
poly(lactic-co-glycolic acid) and wherein the average molecular weight is Mn

~40,000.

32, The method of claims 29 or 30, wherein the polymeric biocompatible material

has a degradation rate of about between about 30 and 60 days.

'33.  The method of claims 29 or 30, wherein the single scaffold further comprises

stem cells in association with the polymeric biocompatible material.

34. The method of claim 32, wherein the stem cells are selected from the group

consisting of neuronal stem cells and mesenchymal stem cells.

35. A kit for treating a spinal cord injury comprising in one or more containers one
or more polymeric scaffolds, one or more pieces of artificial dura, trimming tools, and

instructions for use thereof.

36. The kit of claim 35, wherein the one or more polymeric scaffolds comprises a
50:50 blend of (1) poly(lactic-co-glycolic acid) and (2) a block copolymer of
poly(lactic-co-glycolic acid)-polylysine. '

37. The kit of claim 35, wherein the one or more polymeric scaffolds comprises

poly(lactic-co-glycolic acid).

38. The kit of claim 36, wherein the (1) poly(lactic-co-glycolic acid) is 75%

poly(lactic-co-glycolic acid) and has an average molecular weight of Mn ~40,000.

39. The kit of claim 36, wherein the (2) block copolymer of poly(lactic-co-
glycolic acid)-polylysine is 25% poly(lactic-co-glycolic acid)-polylysine copolymer
and wherein the poly(lactic-co-glycolic acid) bloék has an average molecular weight
of Mn ~30,000 and the polylysine block has an average molecular weight of Mn
~2,000.

40. The kit of claim 35, wherein the one or more polymeric scaffolds an
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electrically conducting polymer.

41, The kit of claim 40, wherein the electrically conducting polymer is selected
from the group consisting of polypyrrole; polyaniline, polyacetyline, poly-p-
phenylene, poly-p-phenylene-vinylene, polythiophene, and hemosin.

42. The kit of claim 41, wherein the eleétn'cally'conducting polymer is
polypyrrole.

43. The kit of claim 35,.wherein the one or more scaffolds has a degradation rate

of between about 30 and 60 days.

44. The kit of claim 35, wherein the one or more scaffolds comprise one or more

medicinal agents deposited onto the article.

45. The kit of claim 44, wherein the one or more medicinal agents comprise stem

cells.
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