MEDI CAL DEVI CES FOR USE I N THE SURG CAL TREATMENT OF HYPERPROLI FERATI VE

DI SEASES AFFECTI NG THE SPI NAL CORD CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thwe 2apypiisssati on is related to U S. Patent Appli eariusaoosior2226

60/ 794,986, filed on April 25, 2006, and U.S. Patent Application No.
11/789,538, filed on April 25, 2007, the contents of which are incorporated
herein by reference in their entirety. FIELD [0002] This application
generally relates to nedical devices and nore specifically relates to

medi cal devices for use in the surgical treatnment of hyperproliferative
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net ast ases are becom ng a nore conmon clinically encountered entity as
advanci ng %ﬁﬁ lg)m c antineoplastic treatnment nodalities inprove survival in
cancer pati [0005] Historically, surgery for spinal netastases has
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BACKGROUND

[0003] Hyperproliferative diseases of the spinal cord including spine and spinal
cord tumors encompass a diverse group of pathologic diagnoses that differ
markedly based on the location and age of the patients. Spine and spinal cord can
be affected by primary and metastatic tumors, making the differential diagnosis
and treatment options extensive. Spinal tumors are often characterized based on
their primary location: extradural, intradural-extramedullary, and intramedullary
tumors. For instance, spinal cord epidural metastasis (“SEM”) is a common
complication of systemic cancer with an increasing incidence. Prostate, breast,

and lung cancer are the most common offenders.

[0004] Metastases usually arise in the posterior aspect of vertebral body with later
invasion of epidural space. Metastatic epidural spinal cord compression
(“MESCC”) and the incidence of spinal metastases are becoming a more common
clinically encountered entity as advancing systemic antineoplastic treatment

modalities improve survival in cancer patients.



sel ection practices, in conjunction with new surgical techniques and

i nproved postoperative care, the ability of surgical therapy to play an

i mpor t antwearrdionamsski cial role in the multidisciplinary earasedosoareer
patients with spinal disease has inproved significantly. A continuing and
unmet need exists for suitable nedical devices that may be used to patch
opened spinal cord parenchyma | eft behind after tunor renoval, and nore

general |y, di cal, devi ces. useful in the surgical .treatnment of
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an ani mal or human spinal colum, an erea I nplanting a polynmneric
bi oconpat i Blieiat tregthent oftlyptipeolsfpranat dsedsasralfafing e spmatabrdor human,
wherein the pol ynmeric bioconpatible article is biodegradable or

bi oabsor babl e in vivo.[0008] In another enbodi nent, a nethod of nedi cal
treat ment fUMMARYmal or human subject in need thereof includes steps of
removing at |least a portion of a tunmor froma locus within an animal or
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diseases affecting the spinal cord, including the use of biodegradable polymers to

treat spinal cord tumor recessing, i.e., to patch open zones left by spinal tumor

removal. Biocompatible polymeric materials are tailored to fill areas previously

occupied by tumors, e.g., materials in the form of tubular articles configured for

insertion into the spinal column after surgical removal of a tumor. These

protective articles may also include medicinal agents that stimulate spinal column

neural regeneration, such as medicines or donor neuronal cells such as human

neural stem cells, thus assisting patients to recover motorsensory function after

spinal tumor surgery.

[0007] Accordingly, in an embodiment, a method for the treatment of
hyperproliferative diseases affecting the spinal cord includes medical treatment of
an animal or human subject in need thereof, including steps of removing at least a
portion of a tumor from a locus of an animal or human spinal column, and
thereafter implanting a polymeric biocompatible article into the spinal column of
the animal or human, wherein the polymeric biocompatible article is

biodegradable or bioabsorbable in vivo.



conprising poly(lactic-co-glycolic acid), and thereafter inplanting the
pol ynmeric bioconpatible material into the spinal colum of the animal or
human pr oxOrat16832(e. g., at |east partially surroundi n@CTiUse008®C2236 such
that the polyneric bioconpatible material at |east partially surrounds the
| ocus of the tunor after surgical recessing thereof. [0009] In yet another
enbodi nent, a nethod of nedical treatnment of an animal or human subject in
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a polymeric biocompatible article, implanting the polymeric biocompatible article

into the implantation site, and thereafter surgically closing the surgical site.

[0010] In a still further embodiment, a method of medical treatment of an animal
or human subject in need thereof includes a step of instructing a medical caregiver
to implant a polymeric biocompatible article into a spinal column of an animal or
human subject after surgical recessing of at least a portion of a tumor from the

spinal column (e.g., excising at least a portion of a tumor or surrounding tissue).

[0011] Additional features may be understood by referring to the accompanying
drawings, which should be read in conjunction with the following detailed

description and examples.

DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A and 1B include two schematic representations of exemplary
biodegradable protective tubular articles inserted around the locus of a spinal cord
injury site, such as a tumor locus after surgical recessing, in accordance with an

example embodiment hereof.



secondary injury to, and pronoting recovery of, spinal cord injuries such
as those incident to surgery to renove a spinal tunor. More particularly,
certain ewbadiomang3g hereof are directed to pol yneric m mCTtuske@s/ozzrde ot her
articles that may be used in spinal cord tunor resection surgery. In

addi tion, other enbodinents are directed to polyneric "fill-in" bandages
that nmay be used for the treatnent of spinal cord surgeries. For exanple,
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the spinal cord. They occur inside the cord (intranedullary), within the
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Spinal Cord Tumors

[0015] Hyperproliferative diseases affecting the spinal cord include spinal
tumors, i.e., growths of cells (neoplasms or masses, whether benign or malignant)
within or surrounding the spinal cord. They occur inside the cord
(intramedullary), within the meninges (membranes) covering the spinal cord
(extramedullary-intradural), between the meninges and the bones of the spine
(extradural), or they may extend from other locations, although most spinal
tumors are extradural. Metastatic tumors often progress quickly, while primary
extramedullary tumors may progress slowly over weeks to years before causing

clinically significant nerve damage.

[0016] Primary tumors originate in the spine, and secondary tumors result from

metastasis from other locations, e.g., the lung, breast, prostate, kidney, or thyroid,
although their exact etiology is typically unknown. Any type of tumor may occur
in the spine, including lymphoma, leukemic tumors, myeloma, and others. Some

spinal tumors occur within the nerves of the spinal cord itself, most often



nost common. Schwannomas and neni ngi omas are normally intradural, but
occasionally they may occur as extradural tunors. O her intradural

ext raneduwbanw/messer s i ncl ude vascul ar tunors, chordoma®CTASASPIR6 DI dsS.
Intranedul l ary tunors often have the sane cellular origins as brain tunors.
Ependynomas conmmonly occur as intranedul lary tunors, as well as

astrocyt onas, oligodendroglionas gangl i ogl i omas, nedul | obl ast onas, and
hemangi obl ast o 81%%¥Tge ons of. %%&ﬁ@ons i S raduaL nd initial
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r at her thaﬁﬂggéaungﬁb§aag%%%hﬁsgﬂ? I'nv §P%8 gi%8%§99§%QMLP%§n@ary dependi ng
on the Iocakuannwﬂyﬂﬁwﬁﬁmﬁ@muiMﬂﬁMﬁd@ﬁﬂmhﬁ&;gBmEfﬁMah@alth of the affected

animal or human patient. Intr nedullary tumprs are usually associated with
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Typi cal sy i ncl ude, bac ain es aII m ddl e or | ower back,
abnor mal sef? té‘?‘i asg Bﬁ ‘%8511‘3‘}‘ 1|og %Héegé‘ lg@ﬁsﬁ?l?l%lap ns or spasms
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asyrnrnetrlc with non-specific motor weakness predormnatlng Indeed, manifest

pain is frequently difficult to clinically differentiate from commonplace, ordinary
musculoskeletal symptoms, which causes diagnostic delay. The level of
impairment is determined by the muscle groups involved. Growing tumors affect
spinal cord cells, nerve roots, meninges, blood vessels, and bones of the spine
(vertebrae), resulting in symptoms associated with compression of the spinal cord
or nerve roots, invasion of normal cells by the tumor, or ischemia resulting from
blockage of blood vessels. Most primary spinal axis tumors produce symptoms
and signs as a result of spinal cord and nerve root compression rather than

because of parenchymal invasion.

[0018] Symptoms vary depending on the location, type of the tumor, and the
general health of the affected animal or human patient. Intramedullary tumors are
usually associated with more pronounced symptoms, sometimes over large
portions of the body. Spastic weakness may be present with increased muscle
tone and abnormal reflexes. Pain sensation in particular dermatomes may be lost
simultaneously with, or independently of, other motorsensory losses. Typical

symptoms include back pain especially in the middle or lower back, abnormal

-5-



| oss. Extranedullary | esions often cause radicular pain fromnerve root

(I ower notor neuron) conpression, as well as long tract (upper notor

neur on) swonsiaiessecord conpressi on. [0019] Al t hough ea®bTiusews/0r32pe
exhibits a predilection for certain spinal regions (cervical, thoracic, and
| unbosacral spine), as a group spinal tunors are distributed al nost evenly
along the spinal axis. A neurologic exam nation may indicate the |ocation

of the tunor. Radi ?% éxam ation X—r%%a CT, M nay confirm spi nal
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Sur gery of §Pd 510% r%%{(iil Tunors [0020] At present, radiation therapy and
surgi cal recessi g are’the only avallable nedlcal i nterventions avail abl e

for spinal di at on t sed as adjunct therapy
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tumor cells. In particular, MRI is invaluable for the diagnosis, localization, and

characterization of spinal tumors. For vascular tumors (e.g., hemangioblastomas)
angiography may provide preoperative information about delineation of the tumor
blood supply. Whichever diagnostic medical imaging techniques are used,
determination of the location of the tumor and its exact relation to the spinal cord

is important in surgical planning.

Surgery of Spinal Cord Tumors

[0020] At present, radiation therapy and surgical recessing are the only available
medical interventions available for spinal cord tumors. Radiation therapy may be
used as adjunct therapy for unresectable and incompletely resected neoplasms of
the spinal column. Unfortunately, there have been essentially no controlled
clinical trials of chemotherapy for primary spinal axis tumors. Theoretically,
chemotherapy regimens effective against brain tumors may be assumed to be
equally efficacious against histologically identical tumors in the spinal cord.

Current clinical experience, however, has been disappointing because primary



swelling and may tenporarily reduce synptons. Corticosteroids nmay be given
before, during, and after spinal cord tunor surgery to help control spinal
cord edersO 2bhickavg3ze, physical therapy and ot her interveoTiuseesmneaz2de
needed to i nprove nuscle strength and to inprove the ability to function

i ndependently when permanent neurol ogi c | osses occur. Accordingly, surgical
treatnent seeks to reduce or prevent nerve damage from conpression of the

spinal cord.. [002 So tupors can be c | etel y repoved by surgery, but
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t unor recessigay isscemsary efspenaliwvte roliavis cempragsidi agtlosipsnahnerdt r eat ment ,
al t hough nerve damage may persist even after surgery. In order to mtigate
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surgery. [QRE, dﬁrﬁﬂ?{ dn@lta¥tePlpidl B C@Inot S&BBkAY &SIpf BhtrSINpRAN cddOr 1 ecessing
are known. An operafing mcroscope is esséential for spinal cord tunor
surgery, ardemnat Fdkopescaphysealitheraps and gthephysrvedobe magibexicdéeditaser s, and

ul trasoni c .aspi rator re val uabl e during, recessi of ,spinal. cord tunors.
Dur i ng sur APl TR STt @by I ibrave ARl K Bugdhrandstrditbact or open
dura to fi RehehhpRrh@ieat nddirolBBXi153483 bdePr Atdpr@hygMaRicanekatBedistdker ent i at e

tunor cysts fromsolid tunor nmasses. In sone cases, if a tunor is

di scover ed t¢ &edyec prpreyanerve damagpBpmslorpressiog e yhosnabeordbor t ed. [ 0024]
Turmors that occur in the intradural extranedullary spinal conpartment can
be conpl et ¢0822 évewtteniofsecag.be compliitadardnyovedywePery, bubugitha chsosiinect ony. | n

many cases, they readjly s rate awa rom t.he inal cqrd, which is
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others require a separate operation (thoracotony, costotransversectony, or
a retroper itpteleakcised surgically. Of course, surgical tumor recessing is more effective

with early diagnosis and treatment, although nerve damage may persist even after

surgery. In order to mitigate against the likelihood of permanent disability, the

new surgical treatment methods and materials described herein limit permanent

damage to nerves, reduce disability from nerve damage, and promote healing after

spinal tumor surgery.

[0023] A variety of surgical techniques for spinal tumor recessing are known. An
operating microscope is essential for spinal cord tumor surgery, and intraoperative
ultrasonography, carbon dioxide lasers, and ultrasonic aspirators are valuable
during recessing of spinal cord tumors. During surgery, the spinal cord is
examined through either intact or open dura to find the level of maximum tumor
involvement and to differentiate tumor cysts from solid tumor masses. In some
cases, if a tumor is discovered to be malignant or inoperable, surgery may be

aborted.

[0024] Tumors that occur in the intradural extramedullary spinal compartment
can be completely resected (e.g., surgically removed) through a laminectomy. In

many cases, they readily separate away from the spinal cord, which is displaced



approach). Anterior cervical tunors can be renoved via an anterior approach
usi ng corpectony of the appropriate vertebral |evels, followed by strut

gr af ti ng wbt2ero/aibss2t unor recessi ng. [0025] I ntranmedul | aPgTIUSNSH72RE
usual | y al so approached through a | am nectony. After dural opening, a

| ongi tudi nal nyelotony is made, usually in the mdline or dorsal root entry
zone. The incision is deepened several mllineters to the tunor surface.

Di ssection_ planes around the tupor are sought m.crosurgically and extended
o adual |y ARbEATRES Pl ok FRGsanal BRIE RS SR 0T B cent ral
tunmor  bul K.prdddeRing thd fhheUlanGh&amfgiRatd 19RrdllyaRasc8f sl s ¢afmets be renoved
conpletely, but bulk reduction may provide |ong-termpalliation and

nevert hel esspdsetc wpetiatian (thorecdtbingi enstotragpicretto@yy dr AreteperitResall t i ngf r om

Sur gery Ther eof 0%2(?6]%Des$]i.t§ t he exrﬁgrti se (?nd ski &I. of the,surgeon,
insult to PRECZHDNAIMEEY EEVIGLMIARE G BSOSt VS ANSBIRSr “RRIRET sur gery. For
exanpl e, p%hg%@ﬁfe@ﬁohﬁﬂomh@ﬁﬂjr@ﬁiaté Lendbra oy faloned byatd: swkidg ng may
occur inside the spinal cord or outside the spinal cord but within the
vertebral @#aathe ppeisieeessingr om t he surroundi ng bone and neni nges can

further damage the spinal cord. Mreover, edema of the cord itself can
addi t i onal [[9025¢ defrenetudl ageooedaary usuadlywsol appmachiddghpighar y nechani cal

injury associated with. spinal surgery i.nitiates cascade of secondary

nj ury mecHANTSHEMY: AiTarHD oRsuE & B gl b B R attenY b

accunul ati GRs mRfReR: dels@iGobOdntityezo8bl Theincisidl ivded@ntdgsveased intracel | ul ar
calcium free radical production, especially oxidant-free radicals; and

ei cosanoi d yHaagtessite e tpmopsuriase.s Pagsegionddaiss awupd thedpmonppiesangital  spi nal

cord T Ury EGsull 8y LATLLUARY FERERS LAng iRULHL 09, AT AARYgG! ent. and

mm, ression, ul't, or injury. A
secondary irénova of theaghiralltamoahglk birambeyvziedut cledr dbdeetio plahds aftenand
nol ecul ar processes cause tissue destruction.By interrupting these second

processes &AMNAYDEIENEPYRY OB S AUk SHNation b IAY IR NS FTAr y nechani cal
lesion, as Eg)}éﬁiaﬁoﬁ§n@ﬂé§zeﬁﬁ§g%s%erﬁ@dicﬁl?ashfmeﬂt$ promoted. [0027] Secondary
I C (0]

pat hol og events cause y exclitotoxicity, free-radical

Spinal Cord Trauma Resulting from Surgery Thereof

[0026] Despite the expertise and skill of the surgeon, insult to the spinal cord
invariably results from spinal tumor surgery. For example, post-operative
bleeding, fluid accumulation, and swelling may occur inside the spinal cord or
outside the spinal cord but within the vertebral canal. Pressure from the
surrounding bone and meninges can further damage the spinal cord. Moreover,
edema of the cord itself can additionally accelerate secondary tissue loss. The
primary mechanical injury associated with spinal surgery initiates a cascade of
secondary injury mechanisms, including excessive excitatory neurotransmitter
accumulation; edema; electrolyte shifts, including increased intracellular calcium;
free radical production, especially oxidant-free radicals; and eicosanoid
production. In a two-step process, a primary mechanical spinal cord injury results
from tumor recessing, resulting from inadvertent and unavoidable trauma to the
spinal column, compression, insult, or injury. A secondary injury is cellular and

biochemical, in which cellular and molecular processes cause tissue destruction.



formati on, and | ack of neurotrophic support include glial scarring,

nyel in-rel ated axonal growth inhibition, denyelination, and secondary cel
deat h (e.Wo020108p68320si s). For exanpl e, oligodendrocyte @eatus2008yp72060t i nue
after spinal tunor recessing. An environnment antagonistic to axonal
regeneration is subsequently fornmed. In addition to damaged regeneration
pat hways, reflexia hyperexcitability, and nuscle spasticity, there are
further conplicatians of respiratory and.pl adder dysfunctian, .anong ot hers.
Over 51 o TRuCETE S SRR pEses b dilhudie S N SN i R P00t Lons. and

non-use. The siMdafandthbni®dl 16468 8s SRINGlanE 06:d BsH! HealihSislPshofcyncti on, the
extent of which iS determ ned by the severity of the spinal cord surgica

trauma, as heli saSoR ARACIGHLAIcSREOARN by LUIHIbGSy FeeRadiButhe case of
i nconpl ete notor Tunction [ 0Ss, comon problens 1 ncl’dde poor posture,
reduced walflinmgios perldacladimeuratopbel sapp@t atidg @iibl, scamohgl mgkliotelsed f i ci ent

wei ght - beari ng. [0028], .There exists.a need to, provjde inproved devices and
ot hods T o dApaY éflfﬁmees%eé@eflﬂgfondﬁmﬁ%ﬁcgma%ﬂgeaim@fﬁy at the prinary

spi nal tU”Q@o@ﬁﬁ?ﬁﬁkﬂgxéhﬁﬁﬁﬁﬁgdgkﬂé&ﬁé§&n@ﬁﬁ9@6ﬁhﬁ@%Hzpﬂﬁ&ﬁ%hﬂ&~he?|in9-
Furthernore, there exists a need for "devices and nethods that alleviate or
mtigate thecchnipgr Aogsvicomsey aengasstafto apdmdircgeneration seebsinentlyi ncl udi ng
secondary tdssue -dest.ruction, edema for.mation, and,influx of. inflammatory
Factors. afbmatodRandios o dmeet Srens HEE b ERrul B R R ogr e t hat
protect spang@nistiespationg tﬂé@ﬁf&ﬁﬁﬁé@bﬂ?fﬂi‘é&%ﬂ@%kés FateRdaddenadderi N order to
mtigate functional deficits resulting fromrenoval of spinal cord tunors.

Bi oconpat i iysfupgigprampeg aiheise (sgr smeusaslamsps may bokastasrureslt stlogery [ 0029]
Descri bed £ ej I o] f th t . I |iferative

di seases a??ggFﬁﬁgoﬁ%%ﬁg%gﬁgg'g%?ggéﬁﬁgﬁﬁgﬁﬁga%ﬁ%ﬁﬁ§%1§¥ﬂ%f£%§bradable

pol ynmer s t duiidti@af ths pktead ofomtich tsultmrmiedesshagvetityeof,thd spidicoRl open zones

| eft after spinal tunor renoval.. Pol yneric bioconpatible paterials and
articles asdg fravmy asovalas|bydpadestlegrndanyingeicspEeen Byhs eate s, e. g.

material s ifd etEﬂ{d%xq{métiblli’i‘{B?s[c {nb%#o?%l%ﬁ%ﬂcﬂﬁﬁggoxfﬁstdré‘ﬁ@c[&c'b&’” into the

spi nal col um ter surglcal renova unor therefrom
walking speed, abnormal balance and gait, and lack of sufficient weight-bearing.

[0028] There exists a need to provide improved devices and methods to impede
the processes that drive secondary injury at the primary spinal tumor recessing
site and otherwise promote post-operative healing. Furthermore, there exists a
need for devices and methods that alleviate or mitigate the injurious consequences
of spinal tumor recessing, including secondary tissue destruction, edema
formation, and influx of inflammatory factors, among others. In addition, a need
exists for new technologies that protect spared tissue and promote endogenous
healing and repair in order to mitigate functional deficits resulting from removal

of spinal cord tumors.

Biocompatible Polymeric Articles for Use in Spinal Cord Tumor Surgery

[0029] Described herein are new methods for the treatment of hyperproliferative
diseases affecting the spinal cord, including the use of biodegradable polymers to
treat spinal cord tumor recessing, i.e., to patch open zones left after spinal tumor

removal. Polymeric biocompatible materials and articles are tailored to fill areas



[ 0030] For exanple, an erodi ble or biodegradable or bioabsorbable formof a
bi oconpati bl e pol yner nay be fabricated into a mni-tube for surgical

i npl ant atworzoiontiessthe site of a spinal cord tunor. SurgiPCaiUSROvSloa22@t | ON
results in a target area that is encapsul ated by the polymer, resulting in
conpl ete encapsul ation of the locus fromwhich the spinal tunor has been
renoved, thereby m nim zing the secondary undesirabl e processes previously

descri bed herein, Shunti the fluid-fil cyst dyc ssure bui | dup
i 1t he PEOR~ b BN SO -t ot elidn G B o RS gap 1 or med. by
the cyst alchpmsurdd R0 iRfo the gAY BLMEMEQRSrA QI FERRAI bfenepdal side
and form functional synapses. [0031] The term "Dbi odegradabl e” as used

her ei n mearberefigmmat eri al that is broken down (usually gradually) by the
body of an animal, e.g., a primate mammal, after inplantation. The term
" bi oabsor bd¥03y] Fas cxmede, Mreed)dibmmsodagrrma‘tﬂe babio@hssodfaﬂolecﬂoﬁntolﬁat i's absorbed

resorbed.by the bod of an a te ma after
i rrpl ontat: SPLTRREHRRY r%@fé%dﬁt@[?&ﬁ%ﬁ%l&%@@ﬂ@é&@% ayreipa oh dot ect abl e at
the site Ofyy Eﬁ{a@i@ﬁ%‘[b%mfmﬁ alsBinfl RH A8¥or. HuadeanAgaRlaon ®sults in
"bi oabsorbabl e" nmeans any material that is bioconpatible, as well as

b|odegradabﬂ@g@hﬂﬁ@ﬂwbm@abgmuhabﬂvthp@Mnmat@mhamsnapembapabIe of being
formed into articl.es at are sui le for tion into an ani nal and
Lol e of diiuEieE abfR osdh gt ShER s tdtan HEBo AR B R oY) alear adab! o ot
bi oabsor bahh&e@f hifi@snd ﬂh@Isaaﬁda@uﬁldag@b&qiro&dsgestpe@blé@bba@dﬁwdadabI e and

bi oabsor babl e pol yners. npl es of suitable polyners are described in

Bezwada et hgfein." pyinging vh@l@ié‘ﬂ@d@ystéﬁ@cm Breguipobyitdapsvithin thekggrdissbk  of
Bi od dab) Acad
5 ouegr adabl g RRLURA gl mPADR: o' ool Pl ARge Ao adem

descri bed @emam@ibrmghudn@gaﬁbmun&uhﬁsh@admhnﬂmahkﬁ&aﬁ&mﬁmeﬁﬂ,nay be
i ncorporated with any nunber of nedically useful substances. Forexanple,

the inner ¥ f%er surfaces of a mni-tube may be seeded with stemcells;

for exanple, mesenchynal or neuronal stemcells. Such cells nay be
deposi t ed [0031] The term “biodegradable™ as used herein means any material that is

broken down (usually gradually) by the body of an animal, e.g., a primate
mammal, after implantation. The term “bioabsorbable” as used herein means a
material or article that is absorbed or resorbed by the body of an animal, e.g., a
primate mammal, after implantation such that it eventually becomes essentially
non-detectable at the site of implantation. The terminology “biodegradable” or
“bioabsorbable” means any material that is biocompatible, as well as
biodegradable and/or bioabsorbable. Such materials are capable of being formed
into articles that are suitable for implantation into an animal and capable of being
biodegraded or bioabsorbed by the animal. Biodegradable or bioabsorbable
articles include, but are not limited to biodegradable and bioabsorbable polymers.
Examples of suitable polymers are described in Bezwada et al.
“Poly(p-Dioxanone) and its Copolymers,” in Handbook of Biodegradable
Polymers, A. J. Domb, et al., Eds., Hardwood Academic Publishers, The
Netherlands, pp. 29-61 (1997).

[0032] The articles described herein, including mini-tubes and formable articles,

may be incorporated with any number of medically useful substances. For
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onto the inner (lumen in the case of the m ni-tubes) or outer surface(s).
The incorporation of stemcells provides for trophic support or cellular
repl acemawo 2ato/tibgs2site of injury. Furthernore, the bi oeorpstiosioe22and

bi odegradabl e pol yneric articles, including mni-tubes, may additionally,
alternatively, or optionally contain pharmaceutically or biologically
active substances such as, for exanple, anti-inflammtory conpounds, growh

factors, and stemcells, anon t her. medi.ci nal ents. [0033] Also

descr | bed” REMBPE. 16 By Ofg Sl oba TR THEABPnGE SHRoaMIE S (e f es. The
kit may i nGhud@nly nfReRihpAh] &heforaNGeGRIRO NG clIIBYY BEAepRNE] POI yEri C

bi oconpati ble materials of articles, in one or nore containers, including

but not | i mintcetiie inmneoHomen imibe @assf of ghemenittulp) gneutercsupaed(sgelhsr i ni - t ube
articles; qone or nore. piec of artificial dura; trjmmng,tools; alignment
Cool s: dr apRemParRton ofeyT e amevifey for e sl Rt L PP REM AL gi cal

net hods deskd iikes ifjarei FurthERBore OB BRRBINpa@lec bA@bivEcradibldolpAckaged in a
sterile manner, using sterile technologies known in the relevant art.

Bi oconpat i BrEl@ginghsing mpwdules Bnac adpaenably ealsonagivekys of omiEnady ng

bi odegr adabl I I I ) f Il i t he
herein-des%Pﬁ%@@ﬁﬁgﬁgggﬁ%g§%9P§¥§§B¥gﬁ%%%a5§%F&%§S%%gﬁdgg{%%ﬂgﬁ%icles are
wel | - known anti-ibflemmntory E@npaxdsrewtht facobi aabapatctil, ampal yters nay be

bi odegradabl e (for exanple, PLGA). As used herein, "biodegradable" and
"erodi bl e" §dCiR @gehtht er changeabl y. Exanpl es of bi oconpati bl e pol ymers
that are biode?radable include, but are not limted to, biodegradable

hydr ophi | i dOGBI e desstibesl kescipat § kid darargiendly, trogting enindceslisipsby ner s,
sol ubl e derjvat.i . harid | e. derj.vatjve £
proteinaceggf%%6¥§i%§éggg%¥§%§%9|ggggﬁg%ﬁﬁgéggggi&%gﬁéﬁidﬁ%@ﬁ?%?%, and the
i ke. The pidcpapatblamndatalheyarticied, tlenped vote, cbn@ineeqnsluding@byt mdt ar ch

gl ycogen, anyl ose and anyl opectin, and the |ike. Suitable biodegradabl e
hydr ophi | i dINNEdYAORS PHEPTRRS DSt PRIFMSHF SaRrgr PhIdbGRrtiglsyRnC O4- gl ucan,

| ncl udi ng e Blorgesk ATKLORRRL AmrAYZ iR althel 261 AkdpSurRl Ny dr ol yzed
anyl opectin su as
instructions for using the foregoing in the surgical methods described herein. The
components of the kit may be packaged in a sterile manner, using sterile

technologies known in the relevant art.

Biocompatible Polymers

[0034] Biocompatible polymers (including biodegradable and bioabsorbable
polymers) for the fabrication of the herein-described mini-tubes, formable
bandage, or neuropatch articles are well-known in the art. For example, the
biocompatible polymers may be biodegradable (for example, PLGA). As used
herein, “biodegradable” and “erodible” are used interchangeably. Examples of
biocompatible polymers that are biodegradable include, but are not limited to,
biodegradable hydrophilic polymers such as polysaccharides, proteinaceous
polymers, soluble derivatives of polysaccharides, soluble derivatives of
proteinaceous polymers, polypeptides, polyesters, polyorthoesters, and the like.
The polysaccharides may include poly-1,4-glucans, e.g., starch glycogen, amylose

and amylopectin, and the like. Suitable biodegradable hydrophilic polymers
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hydr oxyet hyl starch ("HES'), hydroxyethyl anylase, dial dehyde starch, and
the like. Proteinaceous polyners and their soluble derivatives include

gel ati on wWpadwgmnessabl e synt heti c pol ypepti des, el asti n, parRish@sac2ee! | agen,
al kyl ated elastin, and the |ike. Biodegradable synthetic pol ypeptides

i nclude poly- (TV-hydroxyal kyl)-L-asparagi ne,

pol y- (L/ - hydroxyal kyl ) -L-gl utam ne, copol yners of

JV- hydr oxyal - L- aspar agi .ne and X fth other am no
aci ds. 3ug¢@§%%HW§ﬁ?§§‘ﬂgﬁagVﬁﬁﬁﬁﬁaéﬂlq‘fgmf%b 4 §§&93@? henyl al ani ne,
L-1euci ne, ahry\r@ﬂebﬁ@,hyhr&xyﬁmﬂ NBiva@id drit§diolfRd aﬁ@ﬂ?p’é&nﬂ Qknaforenenti oned

bi odegr adabl € hydr ophi | pol ymers are particularly suited for the nethods
and corrp05|h6'drmseth91r@mh 6%E$Wrmethhéamybmdm¢@5'd@stlmhl angd thow human

t t t ual | | t d t Il b
under st vod 1Pt Bt P Sp GHER FEEH A b G oo sty of
bi odegr adaml@egmdam @yﬂthéhc%ﬂlyﬂ%ﬁ&es”@]ﬁsthﬁ amwéed d&l@@&] alkylay@t anot her

enbodi nent i odegr adabl e i oabsorbabl e p (% tlcontalns a nononer of
b H®

a gl ycolidé! astl%mnddlée lilg. dxiadegredab &ea%ymmeaep@laeeptt wiginehe car bonat e,

it ended o st Rusitc By r PP AR R IS RalRARE o,
cont ai ns thﬁh@pﬁﬁoiy@kyumampmﬁgmﬁau@ﬂ&ﬁﬁmoxyﬁm@quﬂymﬁmndmnﬂl&aeﬁ honopol yner,

random or bl ock ¢ -polyner or . het er o- pol yner cont |n|n ny conbi nati on or
bl end of oﬁ‘@“&‘?a‘ﬁg? eSUggeHehynERerils Hrfg -alggine g Eerai lggge-adabl e or

bi oabsor bahl g, A0t ¥ 7B1indBY.+708h& 1A (R |g@bs or babl e and blodegradable | i near
al i phatic po yest'ers such "as pol yglyco |de ("PGA") and its random copol yner

pol Y1 ycol i il AGLh ARl BR800 Akl o R UDILLRY, St BhaRuRRQ] & Drug

Admi ni st r at'? Oh as approv € In surgica

appl|catlomanaiﬁ@HudnﬂgoMEﬂhqahmsuhunﬁ&xaﬂnwadMaﬁbﬁg&uof t hese synthetic
absorbable material s _is their degradabil i by sinple hydrolysis of the
ester backls8racteristicglis dre hemen Fayifitang vagely £empérdy biedegradabilitie (egr adat i on

Podiet 2SS 6 o0 g holy i or con be
variety of blodegradable hydrophilic polymers may be used.
[0036] In yet another embodiment, a biodegradable or bioabsorbable polymer
contains a monomer of a glycolide, lactide, dioxanone, caprolactone, trimethylene
carbonate, ethylene glycol, or lysine. By the terminology “contains a monomer”
is intended a polymer that 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 or blend of one

or more such monomers.

[0037] For example, a biodegradable or bioabsorbable polymer may contains
bioabsorbable and biodegradable linear aliphatic polyesters such as polyglycolide
(“PGA”) and its random copolymer poly(glycolide-co-lactide) (“PGA-co-PLA”).
The United States Food & Drug Administration (“FDA”) has approved these
polymers for use in surgical applications, including medical sutures. An
advantage of these synthetic absorbable materials is their degradability by simple
hydrolysis of the ester backbone in aqueous environments such as body fluids.

The degradation products are ultimately metabolized to carbon dioxide and water
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absorbed by the body. [0038] The nol ecul ar weight ("MN) of the polyners
used in the articles described herein can vary according to the polyners
used and wbeotagsssdat i on rate desired to be achi eved. | rCaruSewsodizaent, the
average MW of the polyners in a fabricated bandage is between about 1,000
and about 50, 000. In another enbodi ment, the average MNof the polyners in
a fabricated bandage is between about 2,000 and about 30,000. In yet

anot her enbodi nen

t, the ave ag}g MNh’iOb tvveden ahout li%O,OOO and about 50, 000
for PLGA &h8¥bet [Raally Sistied 1Mgbocdlesshaitd Baees HchotNoy st ne. [0039] An
exanmpl e enbggipE by ihebbdges a bioconpatible polynmer that is an electrically
conductive material. This material allows conduction of endogenous

el ectrical i i VIRV ) r . ti.0g cel
curvi val - ARSI A S R R R R ORI 0 CCh Chat i
natural |y ekceadidsedboee ¢cansvafyumedidimg foabe pelgmeparstdambthe degrdbtion rate

t hree-di nensi.onal ~scaffold creates . a substrate hy Lch cells can be grown
n vitro ardvfKdR O AERYRdedt R CDOGmRLHRS ?W?@W%f?ﬁeap YSERY A d

(mni-t Ube)faﬁf?e‘d?ed@an@%d@b’ét&%t?aﬂdh?@ﬂbb and o£%0000 €1n SREAE al | of these
design requirenents. schematic exenplary design in situis show in FIG

1. [0040] EmbotlimianglthsymagesMivihof the pohmmrein abiiorichindngé mibstveges t he nmeans

of signaling f illions of cells in the cent.ral nervous em Nunerous
ot ud o6 hagtowiiu #BOg odF du el Sathis sE RO Efrr B RN LR e ane o
communi cat inefivechdbo@d! 20000068 2550000 fHNBLOAL ik beRv@al AIEeND0®hnd he nervous
system and refinenent of functional neural circuits. In the case of spinal

cord sur gerapoutcedq0.foppelzlyisingonmuni cati on may be interrupted and the
mechani sme of nornal neurol ogi cal devel opment inply that electrical
activity sHodN Aecpamic ahbedhmentdstlodetd wncahpdtibicpdlpnal thetomaect i ons.  Such

activity is inpoytant, for the survi.val  of istin el l s and the
[ ncor pot at BRGSO EvE B ol g MLl o udtion T siReneR 5) i nto
wor ki ng Ci regdétical §@RAF]frode SaVHIMNM NronsthaRbe pRAJtIRll sehvingll € Angnd
doubl e-1 ayer scaffolds, mnitubes, . .
such material should be bioresorbable ir situ, such that it naturally erodes once its
function has been performed. Finally, a three-dimensional scaffold creates a
substrate by which cells can be grown in vitro and then implanted in vivo. A
hollow cylindrical scaffold (mini-tube) made of polypyrrole (“PPy”), for example,
meets all of these design requirements. A schematic exemplary design in situ is

shown in FIG. 1.

[0040] Electrical signals in the form of action potentials are the means of
signaling for billions of cells in the central nervous system. Numerous studies
have shown that this electrical activity is not only a means of communication, but
also necessary for the normal development of the nervous system and refinement
of functional neural circuits. In the case of spinal cord surgery, cell-to-cell
communication may be interrupted and the mechanisms of normal neurological
development imply that electrical activity should be part of the restoration of
functional connections. Such activity is important for the survival of existing
cells and the incorporation of any transplanted cells (such as neural stem cells)

into working circuits.
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and other articles are fabricated frombiomaterials that are capabl e of
conducting electricity and naturally biodegradi ng or eroding inside the
body overwe 2progmessect ed period of tinme. In an exenpl aryPerhusdeos®mniz2eé si ngl e
scaffol d, double scaffold, or mni-tube articles conprise a bioconpatible
pol ymer capabl e of conducting electricity, such as a polypyrrole pol yner.
Pol yani | i ne, polyacetyline, poly-/?- phenylene pol y-/?-phenyl ene-vi nyl ene,

pol yt hi oph nd h si.n are. e | es bi oco i bl e.polyners
Phat ar e’ cdNit SprERT B ef RGBT G-ty B AoHH D6 Heb il arti of es
and net hods,lesHd RS BReN& de f0d8ed SoRfibiBhRterials@RitaNEHableprconduct i ng
pol yners are wel | known. See, e.g., zelikin et al, "Erodible Conducting

Pol ynmer s f@pnchwtlegﬁlealrchy@nédat@ealllymmegwhngmgddlwglgewe tl@tﬂmdy dvet . Ed.
Engl. 41(1), of the fore 0| | e brig onducti ng

ol yirer s cuiPaiksaapRpt datol Suadm e tR Mt T GRouE dabi e
article. Thubleat£bla drintihPtubaRrtResdoiPridea uﬁ@dmgéntﬂe g ReReapablcneur opat ch
as descrlbed herei n. Tubul ar Polynerlc Bi oconpatible Articles [0042]

"M ni -t ube®f canfcting plgrtaicitarsul pespolperge polyasa Belyayilingidri cal nedi cal

devi ces of A g8VHRE0RAPARLEIAL B DGILALIRL. i fe hsRophmdgger | bed more

fully herei are |re |0conpat|ble

poI ynmeric alremoslheuse atudlpmtcﬁ“rdﬂeﬁrbldcbﬁltpat@lﬁl pbl@rnfe&bmlacab egpabitaf such
"m ni-tubes” g "tupul ar arti cl " These articl d materials can be
used to pr GABIUSIBB StechisHy and gy é&ﬁ%@lt ¢ agtiges ap PP& Oééfia%?ﬁ d to treat

the spi nal eRlinduaf bk, LIERONEAR BFANRTRYSHeS ARFFET RBu. s

enbodi nent, one or nore mNi -t ubes "ar e ins into the splna colunn
around thedgx%ﬁanwmﬂoéEMMﬂﬂe6umhhnngPathmn%rRa&nnéﬂhmeﬂdwmuch t hat each

hol | ow t ube, r ns. t hr,o or_.aro er,abl arallel to
the | ongi t JIPRSFHIORS; §4u 244 ﬁ@e”éd#ﬁ%dtg’&?ldhl@é% 4‘36%&{3 AP Bhe i ni t ube
can be i nS%ﬁeggmg RIeHEI @enauétgig%hyrhag lcgr Q180 BRESHIfcADE cdlic@bnsaudal to the
tunmor | ocus he m ni -tube creates a new interface within the spinal cord

par enchy ma,malleable or moldableesticlne T reated apelegsnbe alspde peast asor antags ue t hat

has been
or neuropatch as described herein.

Tubular Polymeric Biocompatible Articles

[0042] “Mini-tubes” and “tubular articles” are provided as cylindrical medical
devices or as devices capable of being formed into tubes, as described more fully
herein. Exemplary embodiments hereof are directed to biocompatible polymeric
articles and materials that can be fabricated into such “mini-tubes” or “tubular
articles.” These articles and materials can be used to promote post-operative
healing of the spinal column and to treat the spinal column after a tumor has been
removed therefrom. In an embodiment, one or more mini-tubes are inserted into
the spinal column around the location (locus) from which a tumor was removed,
such that each hollow tube runs through or around the tumor site preferably
parallel to the longitudinal axis of the spinal cord. See, e.g., FIG. 1. The mini-
tube can be inserted through a surgical incision made rostral or caudal to the
tumor locus. The mini-tube creates a new interface within the spinal cord
parenchyma, and it relieves the site of pressure and protects tissue that has been

spared from injury. Pressure resulting from the compression force exerted on the
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spared frominjury. Pressure resulting fromthe conpression force exerted
on thecord is alleviated by diffusing or redirecting the force down the
surface ovothw/rsss2-tube and away fromthe initial conpPresasdoosiore2é and
absorbing the conpression energy into the bioconpatible material of the

m ni -tube. Furthernore, by providing a structure between the injured site
and surrounding tissue (the newinterface), inflammuation my be mtigated
in the adjacent area, teby funct.ional | el evant  resi.dual. cord tissue
can be apat8t el R PRH T g AC TS0 AS e RS EPRCRS SRESHORER.

bi oconpat i bhigi-ROLYAREWEY BORCE ifiAhll BnpRRGMCdil-NthPlsb®iRsthemy be fabricated
into hollow m ni-tubes or tubular articles having an inner surface, an

out er sur f @ompreasidn Energp ppo et Boawenatibledsateisu et thrmingites, i ncl udi ng

m ni -t ubes, be fabricated into a eopetr.i cal .shape and size. For
exanpl e, t ROTDr IR ey Rt shing Rev et 1TE gy AN ST e Behendi ng on
the age or tBiEqHRf nehidtc@RcORInfRMNUITEMAA @iifgaicd iMHjdcbrt Agd,i cl e 1s to
be used. The size and shape may al so be configured to the size of injury
remai ni ng afheasbytfhectionalhy raeignbrssidual ford dsspe gan khippead. from fiither el ongat ed
cyl i nder i%mﬁﬁﬁ possi bl e configuration, but other shapes, such as el ongated
rectangl es, spheres, helical structures, and others are possible. For

exanple, s apes, are ;hol | ow and o -ended. .[ 0044 ddi t.i gnal

o teratt ond0 IR RET A Terteim Y, BRI s A B g shape o
the articl @stidi@ymBEby Abtieste @HEOhEIW ndiSi-t§Pet tiRdarGadic b3 ilgidn.  For

i nstance, the articles may be a rectangul ar sheet, or any other useful

shape t hat gy séadeodn @uiciupriaps ond teg PPRRER OpenendsapudeardiFlstr i but ed al ong
or around Egﬁuﬁggﬁﬁni®§§i?%§%?f?%%ﬁﬁﬁﬁngéﬁg§8§§?5§¥9¥%%§mgﬂﬁﬁﬁn ?ﬁge’ a

m ni -tube can be”snal e sane si e

surgi cal | esiamplef heBietane dtcatlapdof thb eftitiy@ay Be varivd-deplelingyn the agenger t han
the length of the injured site. In an alternative enbodi nent, the |ength of
an arti cl e of &izg of theginppaliog hamap gatigat &y,which dhq gticles wricatsed.s Thp#izoxi mat el v

bet ween 1. %ﬁggﬁﬁﬁﬁﬂé&% bd BrighRd (S URN AR YA u &%n%&t&qu{ungoq times) the

| engt h of te or “I'esion runnin eng e al ong
has been surgically removed. A thin, elongated cylinder is one possible

configuration, but other shapes, such as clongated rectangles, spheres, helical
structures, and others are possible. For example, such shapes are hollow and

open-ended.

[0044] Additional alterations in configuration, such as the number, orientation,
and shape of the articles may be varied according to sound medical judgment.

For instance, the articles may be a rectangular sheet, or any other useful shape that
may be rolled up into a cylinder, and may be distributed along or around the locus
from which a tumor has been removed. For example, a mini-tube can be smaller
than, the same size as, or longer than the surgical lesion to be treated.
Furthermore, a mini-tube may be longer than the length of the injured site. In an
alternative embodiment, the length of an article (e.g., mini-tube) to be surgically
implanted is approximately between 1.2 and about 3 times (or even about 5 times
to about 10 times) the length of the injured site or lesion running lengthwise along
the spinal cord. In yet another embodiment, a mini-tube extends beyond the

caudal and rostral sides of the injured site at a distance of approximately Y4 to /2
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the spinal cord. In yet another enbodi nent, a mni-tube extends beyond the
caudal and rostral sides of the injured site at a distance of approxi mately
1A to 1Atwe 2bevgtds2of the injured site. In yet another echasionsnr322a

m ni -tube extends equal ly beyond the caudal and rostral sides of the
injured site. [0045] Wen a polyneric bioconpatible article is in the form
of a mni-tube, its dianeter (outer surface to outer surface; or "outside
di aneter") ¢ ran fromabout 0.1 mi.crons t.o about. 10 ml]|ineters or even
2o Tar ge adieEvBRaT T PIHOLSr o YGHOUEh APPRdinc Rk SGUEF BIF CEiBet or of t he
mni - tube (egﬂéll%{be%ﬁcﬁﬁfé%aﬁ&al(aﬁé RIstradid_RGTIhdRYur&esiRet ween about 5 microns
and about 200 ricrons or, in some enbodi nents, several mllineters. In

ot her eﬂbpgb@“\ﬁheﬁb olgf;[n@'ggi)ﬁ).rcoﬁ atidl€a 'clyi-sw&lg géﬁﬁ'gﬁim%[t{ﬂgbgt sto outer

surface) i ween abo m crons and about m crons, ween about
50 m cr ons démktatiouter dttacorite owassurfaet;we autatdo diandk®@ " neanrremse fasyrd about 200
m crons, or betvxﬁen about . 150 m ¢r.ons and abou%r300 m crons. | n another

enbodi ment 2PPH- HrusrRRe abput Humimeter & VED Y BrecAirr e MEIBEEEr surf ace)

i's bet ween Rbetdmfle 2hdbldrhiMBlaglcter 3P theaRRtuRQotiiet §irRE & Suted furBbd)l | ot her
enbodi nents, the diameter of the mni-tube (outer surface to outer surface)

i s bet ween nadydhst betwerinl dboned avicramdardabont 200 mickdnsmpetiesemebet ween about 1
mllinmeter and.about 5 m.ll.inmeters, and between about. 1 mll.ineter and
about 3 m (CTTRGRAPLS: Syt ewllImasrs & A STORFRONERC Cismtorngy Have &

di amet er ofmihi-G@B{dbUTEL RE26¢ to! ARGSNrfadld REGHvBEh Ddut LEmidtbedRIchbapP! | cat i on.
[ 0046] Moreover, the dianeter of a mni-tube %i nner surface to inner

surface; al288 nupowW besvecnabontfenicamamad aboyt IdamicngdchyemaiPel ons to
mllimeter SlOBCFr)I?lrrog)s(ngllbedut 56@@‘%‘%%‘3 %Féﬁgrfee@aﬁgu?'lﬂs i’#?&oé SO ter) may

be between abou m crons an m crons. |I'n other enbodi nents the
di anet er ofmiarofis.Nid aHeehet khddimoe thddiametcnweLihe afialituba Qoutticduease @mnd about

200 m crons, between about 50 m crons and 175 m crons, between about 100

mi crons an@Uibswacsdiy hefweearboutihe milingern andehaut 28 oniflinstens st about 300
m crons. | RyuRhihibo@RRhLReth GEnSithe ndif)eubl @TREShrfRle 8 olicPSurkadps (1 umen)
may be between egﬁgut 0.5 r% ' I meter se an]ﬁ agéout 1§ er‘TfeI ?roreteerlg. I )ra1 ot her
enbodi nent ss bétlvecrdatael exillofieter and about 10 millimeters, between about 1

millimeter and about 5 millimeters, and between about 1 millimeter and about 3

millimeters. In other embodiments, the mini-tube may have a diameter of 1

centimeter or larger, depending on its intended application.

[0046] Moreover, the diameter of a mini-tube (inner surface to inner surface; also
known as the “lumen diameter”) can range from microns to millimeters. For
example, the diameter of a mini-tube (lumen diameter) may be between about 5
microns and about 200 microns. In other embodiments the diameter of a mini-
tube (lumen) may be between about 20 microns and about 200 microns, between
about 50 microns and 175 microns, between about 100 microns and about 200
microns, and between about 150 microns and about 300 microns. In still another
embodiment, the diameter of a mini-tube (lumen) may be between about 0.5
millimeters and about 15 millimeters. In other embodiments, the diameter of a
mini-tube (lumen) may be between about 1 millimeter and about 10 millimeters,
between about 1 millimeter and about 5 millimeters, or between about 1

millimeter and about 3 millimeters or larger. In other embodiments, the mini-tube
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m ni -tube (lunmen) may be between about 1 mllineter and about 10
mllinmeters, between about 1 mllinmeter and about 5 mllineters, or between
about 1 mwDI2ometies32and about 3 mllineters or |arger. | mRCotusesosenizoei nent s,
the mni-tubemay have a dianeter of 1 centineter or |arger, depending on
its intended application. [0047] A bi odegradabl e or bioabsorbabl e polyneric
tubular article can be forned by any neans. In one enbodinent, it is forned

by el ectrodepqgsiti on of an..electrical conducti ol ymer to a tenplate
conduct i ve B YC BB QlHeBOIGIRER [2Ee ofoesaditie PR 4SS re by appl yi ng
a reverse pgheAkibAl to the tenplate conductive wire in a saline solution.
[ 0048] An exanple nethod used to fabricate polyneric mni-tubes descri bed

herein is [ 1 . iy for

el ectr odepi@ﬂﬁ%ﬂlgg i’%%?%’é%ﬁ"@?“g‘%%‘tb%@%m@%‘? tgglg%%,b%ggltﬁtﬁr 0 rgl%tﬁ he shape
of the PPy byaalhadads.t maineiembodmadnedt isByrnoainiy dedtrodgpdsiteont efrapl at e, t he

pol ymer scaIfold can be manuf act ured iri di fferent sha@ s and sizes, ranging
fromthin IS98%a} ¢PRdEeY VAP PIQA SR ﬁtﬁlcaﬂf%c,twa%ﬁ‘?g g?rﬁ@r ¢ Tube-like PPy

scaffol ds GRS iPFRANGEHoRNNPIAL bYAphIE PRV ARE BoBnR R HSIaM I . For
scaffold renoval fromthe tenplate; a feverse potential is applied to the

t enpl at e i ropdwaive marcgplgtlirersolifipan applied for sufficient time and
strength, the scaffold slides off the wire nold with a slight pull. This
met hod r el i[@8483 Arhexampheimathiod ueed offalrdoatangplymctis mirrtgassidesgiledent s to etch

the inner wire tenpl ate i woul d yield polyneric arficles that are
i 11 -sui ted\ﬁlff?fnﬁsg VRIGFISS.2. Alhe %@dﬁjéhacwéﬁe%ﬁs@ﬂ %Yreric articles,
i ncl udi ng %!é%hb&éﬂé@ﬁon%?}ﬁol?ﬁfxfr%%"‘ @ ol AafhpRd) ¥oftRslL &@:Shypedﬁsthé abl e

geonetrical shape and size’ 10 ] For exanpl'e, a cord lesion that is 10
m crons i n PPyrsgafiold thatm ergated. oy cotteollimnipe tcraplatchthe pplymadr scdfadd and 3

' d ' f ' ti f. | yer i i ni -tube of
15 i or ons hOF GGk HOCEs TnsguPy Serratine> dmEEian dingier o 2.5

m crons. ThectRQluyAPldnar hplhnts, WBRnbStisd. Il @RLliRe PIRsREEBEs th Buigh the | esion
such that the central section of the lesion is encapsul ated by the tube. In
produced by plating the PPy onto a conductive wire. For scaffold removal from

the template, a reverse potential is applied to the template in a saline solution.

When applied for sufficient time and strength, the scaffold slides off the wire

mold with a slight pull. This method relieves the manufacturer of having to use

organic solvents to etch the inner wire template, which would yield polymeric

articles that are ill-suited for use in vivo. As previously mentioned, polymeric

articles, including mini-tubes, may be fabricated into any medically desirable

geometrical shape and size.

[0049] For example, a cord lesion that is 10 microns in length (running along the
length of the spinal cord) and 3 microns deep, may require use of or insertion of a
polymeric mini-tube of 15 microns in length (or longer) and 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.
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this exanple, the tube will extend approximtely 2.5 m crons beyond each of
the caudal and rostral ends of the target |esioned area. Mol dabl e Pol yneric
Bi oconpatwbl2e10Ansd3el es [ 0050] A polyneric electrically ®omdiseensogp2aéticle
for use in the surgical nethods described herein may al so be provided as a
formabl e, nol dabl e, bi ocorrpati bl e polynmeric material or conposition.

"Mol dabl e" and "formabl e" are used interchangeabl y in the present

descriptio dvant ageous c material may be fabricated as a
putty. By ' ‘((9{’@/@ o e§lcré%é?ﬂmﬂal%gk /Wfé “raterial has a doughlike consistency
that is formable or noldable. Such materials are sufficiently and readily

nol dabl e angosgm petyhRrifBRcirth By EdRigtiM Lartiblear ghenE ARl @F%&alﬂ&wdtsures or
shapes conplenentary to a target site to be treated. In yet anot her

enmbodi nent des%@eébmrremaﬁalb@ be orayaddadsis e fampadlq, anaddabdn lwomwbl@at ed into
readi | yt L%r?r yl%ne% erlalda%m%glo)sapdag‘ﬁ\ﬁol%abl (Pﬂaﬁﬁ%‘tﬁ% aurl:oredexarrpI e after

spi nal renovar neuropatch 1S POr rmed, whet her by

hand or by ineehaiicably 1ﬂﬁmesehodéseﬁfaicﬁlnmvahfagemmm a@dlyshdree. maigalf or med
article is then inplanted into the epicenter of the injury, wherein it

fills in tmaytrﬁfawcaé@wamﬁ@ iByp (PaHY e iaperteatihg lagféélalaw aglepeh-or med by
the spinal jgarg,ligsid g,’lhaﬂf}gfofrfﬁ%ﬂe'o?%l@a%lear&%ﬁ%{t&x‘fdléérteg&ﬁ@%ﬂ? aAyrturing

regr owi ng neurons, organi zing neurites an uncti onal
synapses. Téudslynml/dahié end emebeabiradsintoflexibit ehnae{ilmeﬁmdnet steeturengogenous

neural cel I (incl uﬁl n% neural stem C%E ifoi ncor porated onto the
bandage) aﬁ aﬁeﬁéoﬁnﬁ {a5Y P Higrest sitetor égeat%li yner inplant environment to

pronote cel | survival. Furthermore, by providi ng a structure between the

injured si tlﬁﬂ%‘lr}.dnyatrarn@tiwaP%O@lwghélle(n%@nﬁwlpmr@paft%ematerlﬁlﬁ|calwh%u| on nay
be m tigat e, { LNk 8%’ (gfgrgglltmﬁ] @grn%fgﬁ%ﬁgfbuﬂ& Qﬂéuﬁeﬂa‘féh% apf, residual cord

ti ssue can be spare [ rren ric | oconpati bl e
bandages n&yaﬂnplerﬁ‘mﬂlsbma]fmbror cah@al @rbahdztgeeﬂutt}nbonanypeshaﬁefommdl si ze,

i ncl udi ng a s pol yneric scaffold having an inner.s fac and an outer
surf ace. 2 rhémw Y WEARNALmEHS: @@a@%ﬁe&tﬁ@ ?fL be vari ed

in order t QOl‘ii@éd' HBElc TMhEn BRAISHEH Ro B dpRfenter of the injury, wherein it fills in
the injury site. The implanted article bridges any gap formed by the spinal cord

lesion and functions as an artificial pathway, nurturing regrowing neurons,
reorganizing neurites and helping to form functional synapses. This new interface
allows for interactions between endogenous neural cells (including neural stem
cells, if incorporated onto the bandage) and the inhibitory molecule-free polymer
implant environment to promote cell survival. Furthermore, by providing a
structure between the injured site and surrounding tissue (the new interface),
inflammation may be mitigated in the adjacent area where functionally relevant

residual cord tissue can be spared.

[0052] In an embodiment, polymeric biocompatible bandages may be readily
fabricated or formed into any shape and size, including a single polymeric
scaffold having an inner surface and an outer surface. For example, the size and
the shape of the bandage may be varied in order to deliver more effective relief.
A thin, elongated bandage is an exemplary configuration, but other shapes, such
as clongated rectangular bandages, spheres, helical structures, and others are

possible. Additional alterations in configuration, such as the number, orientation,
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A thin, elongated bandage is an exenplary configuration, but other shapes,
such as el ongated rectangul ar bandages, spheres, helical structures, and
ot hers arwoporsiibgse. Additional alterations in configur&cCirars2oesociz2as t he
nunber, orientation,and shape of the bandages nay be varied in order to
deliver nore effective relief. For instance, the bandages may be

rectangul ar, or any ot her useful shape, and may be distributed within or

around the epi cent t he spi nal rd.injury. J0053]..In addition,
The arti o e agAaT ePRgNe ity U RrRRa SHeY GaRRY T G T/l por es. or
M Cr ogr 00V e$r Adtdnts thé‘li‘ﬁ{da @Aéﬁ 6 re8tdhfiA&€ or RHCALAAUER] TRpe NAvan £l ameter s
bet ween. For exanple, abou mcrons to about 4 mcrons and depths of at

| east aboutbe@lidribrited within FEuraundrthoemeentird oogs)od viesspmea) cordvejuny. dt hs  of
bet ween, for exanple, about 0.5 m crons and about 4 mcrons and depths of
at | east aljofi3] O0naddition,ahsartithensy zas actéxttnmd sarfadedheluéimg atherabiyads and

dianeters of its pores and m crogrooves Vv rdin ththe spi nal
cord | esi o®tS %@P?rPglé)toé‘BS Onl'ﬁsemﬁgtr%rsouéﬁrs ogr"ﬁg@@’sesg}%’t ®inner or outer
surface Mayihe.tSQBeREW td} RRGpRI aB‘HﬁE@Srfﬁi‘éfcﬁl' RhbR@8Mieront 8hd gARPl € human
neuronal stemcells to provi de cel lul ar repl acenent and trophic support.

Al ter nat i velfyt lcaddboutdramigrony Faptheomert] picragrberes megilevaalidtageht s may be

provi ded s c her apeut i.c nt.s, inc di anti-inflammtories, etc.
D o PEPuRR fon SLARAE 4B ftES MiSronk PLELPY rfiPlops ot (TR The Tosi om)
after inpl QéHsﬁéBo@ﬂO\&rhﬂatdﬁst v kigsd oM adicRandflthd fgesupdiddm&@s df itk N anot her
enbodinent the article inner surface is flush with the | esioned spi nal

cord, i.e. POESrngErierogmevEerpaccopfiaglyiwith deispprbsoréipsiongobafreatad.anot her
EITbOdI ITEI’]'[ ’Th%é)%?elr%yowg&r%gir‘o]tcolv Oﬂ ﬁ'lell_.lg rljg?'gl?te ng%§%§ %ﬁ?({edk’vqﬁl O%Ly gl Cal

treat ment of a nors r exanp ,

bi odegr adakr enoré aictticifal bicdey fpakidpr Iﬁlﬁia)ﬂrﬂeﬁroﬂialystélﬁ ctlaboieatigsl for surgical
inplantation into the site of the spinal cord tunor. The inplantation can
be acconpl ichdar ichizeemertang traphléﬁupﬁﬂrau%l&mﬁ@ebfaﬁ@%@n%lcnyonf ormto the

i njured sit8isoikNahef AEJILRALOGnRIER bSprEiee %%% BE afddid €d In with
the fornmed glﬁ n&h 'ﬁ]e clhrrg]l gtl o% rféﬂli/ resuﬁwhl n cg euet géencapsul ation
of the tar gmﬂuchngantpunftmiryatanmemtcr &lor oeqmdt,iacmaldelle adiclé mayast asesult in a
previously ﬁ?f%? (nz el. ,efﬁi t%n ?esmn aﬁer 1rnplegltat10n within the lesioned area of the spinal

cord. In another embodiment, the article inner surface is flush with the lesioned

spinal cord, i.e., contacts the lesion, when it is implanted.

[0054] In another embodiment, a polymeric “fill-in” bandage may be used for the
surgical treatment of spinal cord tumors. For example, an erodible, or
biodegradable, form of biocompatible polymer may be fabricated for surgical
implantation into the site of the spinal cord tumor. The implantation can be
accomplished immediately after molding the bandage to conform to the injured
site so that the target area is encapsulated by or filled in with the formed polymer.
The implantation may result in complete encapsulation of the target area or only a
central necrotic area, or it may result in a previously open lesioned area being
filled in with the formed polymer. Encapsulation of a central necrotic area
minimizes secondary injury by inhibiting cell-cell signaling with inflammatory
cytokines. Bridging the gap formed by the lesion allows a pathway for regrowing

neurons to reach the caudal side and the formation of functional synapses.
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filled in with the forned pol ynmer. Encapsul ation of a central necrotic area
mnimzes secondary injury by inhibiting cell-cell signaling with

i nf | anmatwoyomytiedsznes. Bri dgi ng the gap formed by the Pegiuseoogiores a

pat hway for regrow ng neurons to reach the caudal side and the formation of
functional synapses.[0055] In another enbodi nent, bioconpatible polyneric
bandages can be readily fabricated/fornmed into any shape and si ze,

conpri sing jngl e pol ri.c scaffold Vi an inner surface and an outer
corPace. "o A e TRt e peSmenu e s ek i 6 S geonet 11 cal
shape and figfatcitbin& MW SyRBhYIRId 2 6dhpith MBMglePolHAGiPREfSId( f or

exanpl e, on the surface nmaking contact with the |esion) for incorporating
medi ci nal dgengansueh safacdepd s biey s avhatierthe Biringd bardages mey c. [ 0056]

Optionally, el ect.rically conductive formabl.e and bi pconpat abl.e pol yneric
mteral |y RuREadhpaR oG i A e SEHs A ERERRHARAF Dot vty
from survi vhdydinElgdé pass (fohexaeiple, PhARDEIrRGe &RlkingSddhwich@lth tYTsiswch nateri al

shoul d be bioresorbable in situ, such that it naturally erodes once its

functi on hder Bexrpoisapg siedicinal ppeidt sugh ag denpstmgdichishsicwrralls.swgst ofcd creat es
a substrate by which cells can be grown in vitro and then transplanted in
vivo. A banf@isd QGuimhildy,dnchdticelly poidaoive tirmalfle RRY bljocofmpatakleanpl e, neets

all of these, design requirenents. 057] Pol.ymeri ¢ bandages .are not [imted
Co el ect 1 AU TEBiSARRERAGOrS fed Lo AT Fendeiab ST ool E5efieges. nay

i ncl ude onecEVity 6@ sTRMIAEhSurBHS th@sbyeprohpans télBsurligal IAL? sudhoxanone,

caprol actone, trinet hﬁl ene carbonate, ethylene glycol and |ysine, for

exanpl e. Funateréal waewd be bioresophyble inisdu fsyeh tbit patuyatbriredasaneaiies to conpri se
o on " SRR 53L B B! ARRSLLIRRL B hLNGR BLERNALL G PRI VesLer s,
copol ymer poly(glycolide-co-Tacti , or material derli ved ttom bi ol ogi cal

ti ssue. Matsgbdtate ewhictdelly @imbel @bw i€ alrotand shud temeplbged butive.sSAnot |im ted
to, neuronal or mesenchymal stemcells i an be used as, nedi ci nal

which ¢
agents. [ o08adagascaifaldntads pf pekepyrelp 6Pyt hdorsxamplcy Bests alicdéhftpati bl e and
bi odegr adalgllegggpg@ﬁﬂgﬁlieﬁts_bandages may contain nedicinal agents, including

[0057] Polymeric bandages are not limited to electrical conducting polymers,
such as PPy. Polymeric bandages may include one or more monomers such as a
glycolide, lactide, dioxanone, caprolactone, trimethylene carbonate, ethylene
glycol and lysine, for example. Furthermore, it is possible for the polymeric
bandages to comprise one or more biodegradable or bioabsorbable linear aliphatic
polyesters, copolymer poly(glycolide-co-lactide), or material derived from
biological tissue. Material derived from biological tissue can be, but is not
limited to, neuronal or mesenchymal stem cells, which can be used as medicinal

agents.

[0058] As previously mentioned, the mini-tubes, biocompatible and
biodegradable polymeric bandages may contain medicinal agents, including
pharmaceutically or biologically active substances such as, for example, anti-
inflammatory compounds, growth factors, and stem cells. As described above,
the polymer bandages may be fabricated into structures wherein the outer surface
is an outer scaffold having long, axially oriented pores for axonal guidance or

radial pores to allow fluid transport and inhibit in-growth of scar tissue. The inner
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pharmaceutically or biologically active substances such as, for exanple,
anti inflanmmatory conpounds, growth factors, and stemcells. As described
above, thwopolwirmes32zbandages may be fabricated into stru®Cumnsgoose2eé n t he
outer surface is an outer scaffold having long, axially oriented pores for
axonal guidance or radial pores to allow fluid transport and inhibit
in-growth of scar tissue. The innersurface, or inner scaffold, may be

porous and seeded wi th ope or re medi ci nal ents, for exanpl e, human
heuronal  stBFGEePY Eneea ey eipe peisiiaaihseeCRH oRS pHPErSTIBPBEL

Therefore, fﬁg&ﬁs fraP&l el ERuARIndRE R dcRARNIES BBV aFRPRICESEntaWg Sscaffolds (a
doubl e scaffol d) and sinulate the architecture of a healthy spinal cord

t hrough an tioppicanppdravTimgefarg deoyfiericasahdniddbune pmndagrsmse eateptistitvh neur onal
il at os ¢ ey @ oapEaRe o Bl E bRl Rl vy ety O ne "
tailored t@hbugh hidifplanthakin@taypodfmedhffdld Sperh4d38ddet Fvin@duReral aglodi ment , a
medical article suitable for inplanting within an ani mal or human spi nal
cord i ncl udelds. alonaeicaifeld sawigies the Retyraater; the ovlenpetien agulitisdighl y equal
(e.g., 50: . tid C- ! Cj . ck copol ymer
of poly(l ac f%H%%g%1gé%ﬁgg%é%?%5%3%%@b8%¥%§?a%H%H%g%§?ﬁgg’P%£%- glycolic
acid) is 75%ip®lofchetd.c- co-glycolic acid), wherein the average nol ecul ar
wei ght (M1) is about 40,000. The bl ock copol ynmer of poly(lacticco- glycolic
aci d) - pol yl[ggs39nen bsotRE%rddyrhbCs ingdied Glide §@kdble @6 ird)aP@hyWiEinna

copol ynmer, wherein the average nol ecul ar wei ght of the poly(lactic-co-gly
col i ¢ aci dyeninadek hpway spisalgeslincRdenomokdagle hecompatialgenstptidcul ar wei ght

(M) of th Yl ysin | [ s, abo : alter IV odi nent,
(he) arti ol oRBhiviny S Bl %%%‘*‘é@-o?‘ﬁE@ﬁ%@ﬂ“@%ﬁ@&%ﬂ?@? St ), 500 d) .

[ 0060] Any adflodkn@pbBiegot palydadticcdeglyoslic @idlgolydahd. onhg @il ldcticvi vo of

about between about 30 and about 60 days (e.g., 4 to 6 weeks); however, the
rate can b&oRly@liggciddispioorpele(lactifeca-glzeplicartd), wherghrthe aesjasss t r eat ment

w thin sou REA | ﬂﬂﬁ%ﬁ tH i se nedi cinal
agent s sucﬁﬂgs sggﬁ%%gﬂ S inaggggﬁ?ggi%%Jﬁfgﬁagﬁyﬁ%%%ﬁRQB§EP§§Eric

mat eri al . Forglyoohinplid)-polydysatean 58l dody(lactic-co-glycolic acid)-polylysine

copolymer, wherein the average molecular weight of the poly(lactic-co-glycolic

acid) block (Mn) is about 30,000 and the average molecular weight (Mn) of the
polylysine block is about 2,000. In an alternative embodiment, the article

includes a single block of poly(lactic-co-glycolic acid).

[0060] Any of the foregoing articles may a degradation rate in vivo of about
between about 30 and about 60 days (e.g., 4 to 6 weeks); however, the rate can be
altered to provide a desired level of efficacy of treatment within sound medical
judgment. The article may further comprise medicinal agents such as 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, although for the
treatment of spinal cord tumors, neuronal stem cells and mesenchymal stem cells

are of especial utility.

[0061] In yet another example embodiment, a method is disclosed for treating an

spinal cord wound resulting from tumor removal, the method including providing
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may be seeded onto the polyner or, nore specifically, seeded within pores
on the surface of the polyner. Any stemcell type may be used, although for
t he treatwenblodfiesspi nal cord tunors, neuronal stem cel | eCarus20m882222h1y A
stemcells are of especial utility. [0061] In yet another exanple

enbodi nent, a nmethod is disclosed for treating an spinal cord wound
resulting fromtunor renoval, the nethod including providinga doubl e

scaffol d of polypyrrqle.to conformtq a |esjoned area.of the spinal cord
oy ury, - and RRSLTSR SF P PREPIES bardomels olisn Bk f 0 SPHE SFboompat | bl o
pol ypyrr ol eyjiRt 8hdl BlercakBErillABER 1RUESGRA ar@ with RbiG@Alfafbd, may be porous
and seeded Wi t'h one or nore nedicinal agents, for exanple human neuronal

st em cel | s pohmytrelel matanaly dbk awemeurfacor ortinoghscaffaddppay be p¢roseaid Such a

f abr | d for.med band her ef or e i ncl ud ffol ds and
il ot es. OREUAPTIN TECY OB Gl LARTRY R AR RERUGEER [ npl ant made

of a pol yneellsatéialish replatdraaabl opiged@showl t h neuronal stemcells. The
i nner scaffold enulates gray nmatter, while the outer scaffold (the second

scaffol d) qpad23tReh WrUrR R tah8 fort¥ed HaNd g thdrblorEMaNBLEEwd RBFplddXi al 1y
oriented pores for axonal guidance and radial porosity to allow fluid

transport and sinmHatb$ thicragrhitactgreonftathealthys sranal tepsktheugBac hmplabbmddgel can be

readily designed to tailored t it. into ariety.of .cavities, and to
b ovi d a prEGgrrecyand iR rfed with oA sl it REent °r el ase
profile. [Qe&&d bﬁuﬁ%se%mhﬂe@%ﬂglmfter sl @Ythe edRnbasafrolglegr adat i on
rate of about between about 30 and 60 days (e.g., 4 to 6 weeks); however,

the rate camubrcsayhiey watterdydryingdfor sxerepler loag) axiadly asientrlmosesdyr of _
treatment. a;li_g al @%d%ﬁée%r&d%é’ial{égrgg[@rto %ﬁg@lrﬂéﬁ(? %r%tés%rsgl}t%ﬁ!i |17ﬁ1| l}ignggs-om ation wth

any of the polymeric nmateria exanp ém cel y be seeded

onto the parywirofgcar tizhucee SpRaibhhdaklcyn bs eadid dwigdudno potgdraitotthe surface
of the polymer. Any stemcell type may be used, although far the treatnent
of spinal &¥Pd eriRB cavities. ene A ReVIds aquc arleeed depdptioR ot WEur onal st em

cell's or neseRGMmBlnt$iieMGrofis: Exanpl e Enbodi ments

[0063] In an example embodiment, polypyrrole has a degradation rate of about
between about 30 and 60 days (e.g., 4 to 6 weeks); 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 the polymer or, more specifically,
seeded within pores on the surface of the polymer. Any stem cell type may be
used, although for the treatment of spinal cord tumors, the stem cells

advantageously include neuronal stem cells or mesenchymal stem cells.

Example Embodiments

[0064] So that the scope and usefulness of the methods and devices disclosed
herein may be better understood, the following illustrative, non-limiting

embodiments are provided for the reader’s benefit.

[0065] For example, a method for the treatment of hyperproliferative diseases
affecting the spinal cord includes medical treatment of an animal or human

subject in need thereof, including steps of removing at least a portion of a tumor

-0



[0064] So that the scope and useful ness of the nethods and devices

di scl osed herein may be better understood, the following illustrative,
non- | i m twogoshesszment s are provided for the reader's pemafSeaos/of2065] For
exanple, a nmethod for the treatment of hyperproliferative di seases
affecting the spinal cord includes nedical treatnent of an animal or human
subject in need thereof, including steps of renpving at |east a portion of

a tunorfroma | ocus of an apimal or hu spi n col ymm, and thereafter
[l ant i ng EThRISAEPT t H1IBE IR W] £rIErE: Sk BSERETI PR Al urm of t he
ani mal or  hdRRRbricIERkfatibR&RAL YT feCpHaPeATRA Bl cCan@hhll & Ih@indad, _
bi odegr adabl € or bi oabsorbable in vivo. [0066] For exanple, the polyneric

bi oconpat i btheran thegiodymerye ecanpatibld artitleys Liodetradablepr bigabaerbetbadi nent , t he
pol yneric bi.oconpatible article is conprised of a synthetic bi oabsorbable
pol ymer. [0887] In the nethods herein, inplanting step may include

i npl anting ol ymeri.c bioconpatible article. into the ani nal or human

spi nal col JW% 8&2?’%{{1@%{@? ROSRENE GIOcREPRILE ATISICRAY Rt REA Dol y mer | ¢

bi oconpat i Qbﬁd&'ﬁh.g.ci&a@émﬂ)&ﬁﬁ%n‘fﬁfetﬂoglﬂléﬁcsd%é’dﬁtﬁlqm&atﬂﬁclk QCdétnRised he tunor
after surgical recessing thereof. [0068] In an exanple enmbodinent, the
pol yreri c Ibf ecpmpetid libebsartablellysersubst anti al Iy tubul ar. I n anot her

enbodi ment, the polyneric bioconpatible article is a hollow tube. For

exanpl e, t H@0G¥ 1y ther methbdsocaapanipbdreingstopahey imalydé onphastintgthe havi ng a
di anet er of Petwe n about. 0. l.cgi crog]rse and about 10 miJlineters. The
di anet er md¢ERETERIORMPALBIS IS THP HEREMl AT MYBGH P BR ons. Similarly,

t he pol ynerpir&xi&iafé%ﬁﬂé@ﬁtitgkl?e BEd ﬁkﬁtﬂ@&e'ﬁ%’[&gﬁéﬁéﬁl@&rﬁﬁhﬁbﬁrﬂﬁb af unor
ti ssue. For exanple, the polyneric bioconpatible article my be at | east

about 1.5 tl¢asepartighgerrouhdntht hecuk o€ the. tufn0088r singpdat edcbssingttherepbl yer i ¢
bi oconpatible article conpletely yet gradually resorbs after inplantation.
For exanpl ¢0068)dn pokyareple embbdicompahd pdlgmarit biokempablhavieleas degr adat i on

rate of aboul ipelieen shoul,20,and ahout, 6. SaR Lk ReuE. GRR 4 veeks
is a hollow tube. For example, the polymeric biocompatible article may form a
tube having a diameter of between about 0.1 microns and about 10 millimeters.
The diameter may be between about 50 microns and about 175 microns.
Similarly, the polymeric biocompatible article may longer than the spinal tumor
tissue. For example, the polymeric biocompatible article may be at least about 1.5

times longer than the locus.

[0069] Typically, the polymeric biocompatible article completely yet gradually
resorbs after implantation. For example, the polymeric biocompatible article may
have a degradation rate of about between about 30 and about 60 days (or between

about 4 weeks and about 6 weeks) in vivo.

[0070] The polymeric biocompatible article may be comprised of one or more
polymers selected from the group consisting of polypyrrole polymer, polyaniline,
polyacetyline, poly-p-phenylene, poly-p-phenylene-vinylene, polythiophene,
hemosin, and combinations thereof. For example, the one or more polymers may
include polypyrrole. In another embodiment, the one or more polymers may
include one or more repeating monomers selected from the group consisting of a

glycolide, lactide, dioxanone, caprolactone, trimethylene carbonate, ethylene
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[ 0070] The pol ynmeric bioconpatible article may be conprised of one or nore
pol yners selected fromthe group consisting of polypyrrole polyner,

pol yani | iwe,2opaligsseet yl i ne, pol y- p- phenyl ene, pol y-/?- plremyisesns/vizeg| ene,
pol yt hi ophene, henosin, and conbi nations thereof. For exanple, the one or
nore polyners may include polypyrrole. In another enbodi nent, the one or
nore polyners may include one or nore repeating nononers selected fromthe

group consi sti of a glycolide, Jactide, dioxanone, capraql actone,
r oty el cbhugraced ciRpramishgEst T ey RbrBre oG B e { her eof
By way of frit BEfynR¥SRRY Saclid® 196& cPIdabR & bRALYITBALIc TRYar hlifhdide a
bi odegr adabl e or "bi oabsorbabl e |inear aliphatic polyester, such as

pol ygl ycol ipgtyester, sothygsgiojyxady dodide oopolacalywdiic-cpd@TidE). I n still yet anot her
enbodi ment, the polyneric bioconpatible article may consist essentially of
a single s¢@d71glld soll yet amothdabibodimen® tpgialyrheintidbermgdtib&oarpele snayg

ly(lactic-caq-gl | i.d). Additi | t.h | y. tic-co-gl li
o o)y BaTISYORGLY ot Hed s of F Boldbly oo b bR ol ecul ar
wei ght  ( m)co{%%h@iﬂg ?gfﬁ(‘ﬁ@ﬁb-ap-@%og@a&@o ANREGRAY! the PoRPletid-Fb-gReSINET

enbodi ment, the polyneric bioconpatible articlée consists essentially of
about a 50:a8@) blagrbd 76f0 pay{l{dtastorgdyadicgiciddah¢ evaeagadnolendanawbighck copol yner

of poly(lactjcsco-glycoli ind)-pol ineIn still a.fyrther, enbodi nent,
Che bl vok AbipsRaRelfe aboRatlnBRu by sBg0, it shtoiTane s abour
25% pol y (| getynterfe®igdompatibicr@dé doms@] dkdifiall§ of QRS ¥ FBI50aehdt dFe

poly(l actic-co-glycolic acid) block has an average nol ecul ar wei ght (nh) of

bet ween abaaty(l2otigooghivaliapatl ansio: Woek eanglhiners opoplyllpeticreo-plyselic has an
aver age mla@%i{)’-[ygf Il%\/xgﬂe% I'Hl s&ﬁ/lg{)f%ufa%ir %Eltb\ré?]?%ngl%%yoélf gcgpootlj}gﬂ& qubout 3, 000.

[0072] The p oconpa € a a nol dabl e
bi f)corrpat i ot/ (oliy-oeilyeohiBhdd)-pdlygoinphd shong2 5 pelygkitti¢-eaklyokonduct i ng
pol ymer. For. exapple, the electricity conducting polyner nmay be sel ected
from the grR6idyPebmsIng GoRglygrer ambﬁne;p@ﬁf(la@v%%-@i}g?%? ?Clé) Pesk/bdia ne, a
pol yacetyl i Tar k2R BIY 307 (Rh%{aya! ' ne, a
pol yt hi opheaggp,aggnﬁgér%sa f gv,elggin cjomvgigelng%?ﬁt%oé? eor . b%ﬂ@sd{(')(fl)\’ein%

the polylysine block has an average molecular weight (Mn) of between about

1,000 and about 3,000.

[0072] The polymeric biocompatible article may also be a moldable
biocompatible polymeric material comprising an electrically conducting polymer.
For example, the electricity conducting polymer may be selected from the group
consisting of a polypyrrole polymer, a polyaniline, a polyacetyline, a poly-
p-phenylene, a poly-p-phenylene-vinylene, a polythiophene, a hemosin, and

combinations thereof.

[0073] The polymeric biocompatible article may also include one or more
medicinal agents compatible with spinal column neural regeneration or healing.
The one or more medicinal agents that stimulate spinal column regeneration or
healing assist the animal or human to recover motorsensory function after spinal
tumor surgery. In an example configuration, the polymeric biocompatible article
is a tube and the one or more medicinal agents are contained on an inner surface

of the tube.
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[0073] The polyneric bioconpatible article may al so i ncl ude one or nore
nmedi ci nal agents conpatible with spinal colum neural regeneration or
heal i ng. Wbeommaéesse nore nedi ci nal agents that stinul at @C3AiSA@I8/0z2RaiM
regeneration or healing assist the aninmal or human to recover notorsensory
function after spinal tunor surgery. In an exanple configuration, the
pol ynmeric bioconpatible article is a tube and the one or nore nedicinal

of. the tu 074] The one or nore

agents are ined on an inner surfac be.

ot ci nal A58 3 e SSuiohumatE abteaP Bt Fe yuRe bl e o heal i ng
conprise OnRg;RALrafiBh Br EMB@E@MPfi& SRAUrGhdI8 SherdjRULEXRARIRs. FHE one or nore
t herapeutic nedici nes may i nclude anti-inflanmatory conpounds, anti-cancer

agent s, antekampicdhntoné pemoraticrwatutsoaubegey may welidd ahgahflangmpioonot er s,
pain-controllinﬁgggeqt%i neuropla tici%% enhqrc rs, and anti degeneration
conpounds. “RUPPREPREIECICHERR SP- R HU HG I L PCHgRaTs YHEE stimul at e

spi nal col %@Hiﬂgeptbﬁlbtdfﬁ,@Qﬁhedb@hioﬂﬂlg@’geﬂi‘t@,&iehﬂ%la%fi@it}ﬂéhlﬁn&!ﬁ,faﬁ@ en@f the
polymeric electrically conducting article. The one or nore nedicinal agents

that sti nuldggenesgiiongpmperiden Fuahemaratthoancoer mergimeticingperie thalle one or
d . . I'ls.
or e donor sﬂ%ﬂ!}a@@@maﬁ%yuﬁm el ?%en&gﬁmgér ﬂ%&@ﬁ% E%é?&g% @ﬁt&%g?f‘lhe“ eém cel ’S

For exanpl e ne nore ne I na e e spinal colum
regener at i @olyencrivadddtmiclfrRyndurtihg deicts) €T ondwir encre srdivinairagensd tha cel | s.

[0075] In another embodjnment, a nethod of nedical treatnent ff an ani mal or
human” subj sEMUi3E wgag coRBMEEEEN HE o Sedlinggaapincudreis AYMate JWeEt a portion

of ‘a tumor .t} EecliOGHEh W &l dF rAdte ADMARheQond WD SRI 3} gfé?ﬁal&lgﬂhe mol ding a

pol ymeric bioconpatible material consisting essentially single

scaf f ol d arhe ot mocompdicsiahageptl th{tlstiotulate spnglcglodn ©gaciraion caamdalidger eaf t er
i mpl anting the ﬁﬁg%neric bi oco tibhe natﬁrial into the spinal colum of
t he ani mal "5 'H O NP HSIReSERCY AR PR S uch t hat the pol ymeric

bi oconpatible material at |east partially surrounds the |ocus of the tunor

af ter sur gil®5! e geaierrmtodapensd methed of Bpdica| retmest WeniaRimAbci ati on wi t h
the pol yrfefhhﬁlaﬁgﬁgegnﬁlh% fhieltBE fﬁ%luﬂles stlﬁl]%%%m&iﬁg aPl@Mlagetidiesi n 1s a kit
for use in a nedical treatment of an animal or

tumor from a locus within an animal or human spinal column, molding a

polymeric biocompatible material consisting essentially of a single scaffold article

comprising poly(lactic-co-glycolic acid), and thereafter implanting the polymeric

biocompatible material into the spinal column of the animal or human proximate

to the locus such that the polymeric biocompatible material at least partially

surrounds the locus of the tumor after surgical recessing thereof. The stem cells

may be in association with the polymeric biocompatible material.

[0076] Also provided herein is a kit for use in a medical treatment of an animal or
human subject in need thereof including in one or more containers one or more
polymeric biocompatible articles and instructions for use thereof in a surgical
method for removing at least a portion of a tumor from an animal or human spinal
column. The kit may also include one or more pieces of artificial dura or one or

more trimming tools.

[0077] In yet another embodiment, a method of medical treatment of an animal or
human subject in need thereof includes the steps of surgically exposing a surgical

site to provide surgical access to a spinal column containing a tumor, resecting at
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human subj ect in need thereof including in one or nore containers one or
nore pol yneric bioconpatible articles and instructions for use thereof in a
sur gi cal wothmdi6sse renoving at | east a portion of a tumom/Use@siozazzani nal
or human spinal colum. The kit may al so include one or nore pieces of
artificial dura or one or nore trinmmng tools. [0077] In yet another

enbodi nent, a nethod of nedical treatnment of an animal or human subject in
need t hereof jncludes_.the steps of surgically expasin surgical site to
brovi de. sureibapoon 6 herymar Garehy prfiasn SHRFARHIH Y H0F ARBR P es ect | ng

atl east a pAdhMAUBE abti€e, iMPRAAD BIcRBYy ik RWiSdohehafblc AMEIa M@ ticon site for a
pol ynmeric bioconpatible article, inplanting the polyneric bioconpatible
articl e i ntimplahtationpitanndtheeafsi swgicalhdclobiog duf uegicdwitgi cal |y cl osing the
surgical site. [0078] In a still further enbodi nent, a method of nedi cal
treat ment Q007 Ianisti further kmradingubjagotthod ofieedidahecambnti cfehudesalt he step

of instructi a dical caregiver tq inplant .a polyneric, bioconpatible
article. i ntod amapsHirct dnerhibgroLinciipsilr 6P o iERCTEH BEticUr t or ' sur gi cal
recessing Qfhredlvel RASIpIst BP0l Hio@ip4dBle dfi Qb e S]giﬁhlrb%llurﬁt?bflém- EXAMPLES
Exanple 1. Polypyrrole M ni-Tube Fabrication (I). [0079] Pol ypyrrol e tube
scaf f ol ds anenaoehtsdn kybjedt efer wdgpdsedcsong of atdeastlh bdrtioRRY adumdi00 mA for 30
m nutes onto 250 mm di gneter platinumwire. See, e.g., FIG 2. This step is
fol | owed by 9% rSBBlag? YAg at 3 Vfor 5 minutes, allowi ng for the renpval
of the scaffold. The current, timng, voltage, and other paraneters of the
exanpl e ar intended to be limting. Exanple 2. Fabrication of PPy

M ni-Tubes%?ﬂg P 080] Tube-li ke PPy scaffol ds were produced by plating
the PPy onto a conductive wire nold. This technique can be scaled to
produce scaffol ds of any |length, inner dianeter, and outer dianeter.
Furthernnréﬁaﬁﬁﬁ?%c@ﬂﬂﬁﬁﬁﬁﬁéggbggﬁ rEBHet 61 ed with el ectropl ating
tenperature {see, FIG 2). Scaffold extraction fromthe tenplate is

achi eved by o@mp!Pofaytel @be FalBaRLLY & ROl BPLicBiroddpodtisRbf &8dible
PPy at 100 pA for 30 minutes onto 250 um diameter platinum wire. See, e.g.,

FIG. 2. This step is followed by reverse plating at 3 V for 5 minutes, allowing for
the removal of the scaffold. The current, timing, voltage, and other parameters of

the example are not intended to be limiting.

Example 2. Fabrication of PPy Mini-Tubes (I).

[0080] 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 with electroplating temperature (see, FIG. 2). Scaffold extraction
from the template is achieved 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 damage to the
material. This technique is an improvement over prior methods of etching the
inner wire with harsh organics. For in vivo use, PPy tube scaffolds were created

by electrodeposition of erodible PPy at 100 pA for 40 min onto 250 um diameter
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solution. The negative potential causes el ectrochem cal reduction and
slightly increases the size of the scaffold. It can then be nechanically
di ssoci atwo 2broomwgsde platinumwire nold with mni mal appCiras2608/0ce26
resulting in no danage to the material. This technique is an inprovenent
over prior methods of etching the inner wire with harsh organics. For in
vivo use, PPy tube scaffolds were created by el ectrodeposition of erodible

PPy at 100 for 40 ;mn onto 250 di a atinu fol Lowed by
Ceverse pl ATy SVOHEY G0 X o0R AB gl Th T 4 EsoHBr hERSUENs Bt he
scaffold. Thaovg9ulls egff(nub%e%suﬁfﬁ?l&mh@ngtn@mw SREddepiiGifddi Nto 3 nMm
| ong pieces for inplantation. Exanple 3. Single Scaftold Fabrication.

[0081] A siimigl3emedafg pledeswas ivfiplbrthieet. ed from a bl end of 50: 50
poly(lacticco- glycolic acid) (PL&G) (75% nunber average nol ecul ar wei ght,
Wnh, -40,000) and a bl ock copol yner of poly(lactic-co-gly colic

aci d) - pol ylBxsinp& 3. 259%gle BL@olFobkicdfor- 30, 000, pol yl ysine bl ock Mh -2000).
The PLGA was chosen to achieve a pre sel ected degradation rate of about

i1os for 0BT R ERO G BT BT HRERE o O BRATHE b made usi ng

a sal t - | eachidigcobic Q6@ RLAN pOACMnuMDL) ave@dddtrhlBeudir W ghtPMiny vBg,060)end i n
chl orof orm was cast over salt with a di aneter rang}flly 250-500 mm and
St

sol vent wagndpbirgkdopelysgapbpay@activtre-gatalicssPrbhysica@hed PLE Anat er

produci ng e . r er t th stemcells
or ot her %fcltl:(lr}\%gl 32%2@’&%@%%%@108& %% I&)@@?J@%ﬁ%‘?&‘g‘%ﬁqﬁgl \(,:¥Iat| on. [0082]
Bot h t he i nokievanpreadéleetedsicgfadlatisisravesfabbaldd-edded, dndxe a bl end of 50: 50

pol y(l actic-co-glycalic acid) (PL&G) (75% nunber _ average | ecul ar wei ght,
M, ~ - 40, 000YNGRA2! azesmeb@eéa‘@éuworﬁﬁé PPy 1dgetipior gogtije esface

aci d) - pol Visieo?SToe B BLAGH W 530,000 BRI LRk oGk 58 -2000).

The PLGA was é oslen toeacgﬁesve a (Yleg %gﬁgo%ar ate 8%‘ §B’§%t 30- 0 days, and

the functi dwélolzsdupol yhtbe polysicr beod pocldbedoowps cast oecrsalt esthfaor  possi bl e

surface mody 1call,on T8 dner 8530801 0WRAS 4el a8 FAlLal eachi no
was then leached in water, producing a single porous polymer layer that can be

seeded with stem cells or other medicinal agents.

Example 4. Double Scaffold Fabrication.

[0082] Both the inner and outer scaffolds were 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 achieve a degradation rate of about 30-60 days, and the functionalized
polymer was incorporated to provide sites for possible surface modification. The
inner 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 pm, and the solvent was allowed to evaporate. The salt was then leached in
water. The oriented outer scaffold was fabricated using a solid-liquid phase
separation technique in the following manner: A 5% (wt/vol) solution of the

polymers was filtered and injected into silicone tubes which were lowered at a
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the polyner blend in chloroformwas cast over salt wth a dianeter range of

250- 500 mm and the solvent was allowed to evaporate. The salt was then

| eached iwoOwatoar683The oriented outer scaffold was fabri earasesion2a

solid-liquid phase separation technique in the follow ng manner: A 5%

(wt/vol) solution of the polyners was filtered and injected into silicone

tubes which were |lowered at arate of 2.6xI 4 m's into an ethanol/dry ice
oxane was, supl i mat ed i ndustry standard

bath. Once fro e I usi ng.an

Cenper at ur SHEGhERSH ) 48R ReHe P LAY ot GG P PO B PSR r enpved,
trimed, asgehhed usiffan SIREE@HsthidaRd ¥ pdehe6RPredsBitibr. UBR The
resulting product has an inner scaffold that enulates gray nmatter via a

por ous pol yeaffoldayere thé¢ratemoasd, iemeeddedemble, ademred|n syacamel t he out er
scaffold enul.ates the white matter wi.th |on axi a riented pores for
anal qur AHELTE O i R R il e BB BT R RS P

i nhi bi ting grdy @a@MIa @fao@qﬁpol?rhﬁs la?er %0 b8 sBededeaeh dig @ElldVind the Neur onal
Stem Cells onto Polyner Articles. [0083] Mirine NSCs gneuronal stemcel | s)
were nai nt @Iuﬁréacqffpli emulefes dhr white mgtteretith long Sead borépategenosessonked in 70%

Chakor i ¢85 o Rl R SR (RRoh R B0 AR 1ot or. e

medi um was gehethggdcdirhssuext day, and the inplants were incubated for four
nore days before inplantation. Exanple 6. Seeding of Human Neuronal Stem
Cells onto Polymer Articles. [0084] Human HFB2050 and HFTO0305, cells

derived fr @pupR205SelingNp8airne NReEIRINS1eRt Call, ord®PlymerHeridiey. ti al |y
isolated fromprimary dissociated seruntontai ni ng nonol ayer cultures of the
tel encephal ic ventricular zone of a cadaver as prevjously described. In an

f
exanpl e ent®¥fideering Maxs mearnat 1o caHs) ST aEacE MeCr Bt CoRf R et hods f or
t he generatd oflym "BLAFARMNES soR0M 167834 difihoPFor®? rinked thlectids BT Y

bl S o
di ssoci ated, stable serum containing nonolayer cul'ture of fetal ventricular
zone was ePBHhindkmded dn pi ortiital shgkeauithuel Olasl e/ inerat 3UHJ Bt enidifical si x- to

ei ght - week enti.al _gro fagtor selecti rocess based on growh
et or s AL PER AR "rhe pEALRT vl RO PG R o U arRa: wer ¢

greater were incubated for four more days before implantation.

Example 6. Seeding of Human Neuronal Stem Cells onto Polymer Articles.

[0084] Human HFB2050 and HFT0303, cells derived from HFB2050 (“hNSCs”),
Redmond et al., 2007, were initially isolated from primary dissociated serum-
containing monolayer cultures of the telencephalic ventricular zone of a cadaver
as previously described. In an example embodiment, transplantation of hNSCs
used the following methods for the generation, maintenance, and grafting of cells.
First a primary dissociated, stable serum-containing monolayer culture of fetal
ventricular zone was established. A promising culture was then subjected to a
six- to eight-week sequential growth factor selection process based on growth
parameters rather than on markers. Cells that formed clusters that were greater
than ten cell diameters and could not be readily disaggregated were excluded.
Both attached and non-attached cells were included. Cells grown in serum were
switched to serum-free conditions containing EGF+bFGF. They were passaged

once per week for two weeks. Cells that successfully passaged were then grown
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than ten cell dianeters and could not be readily disaggregated were

excl uded. Both attached and non-attached cells were included. Cells grown

i n serumweonelmastehed to serumfree conditions contai niPaE/USSWsOFEZE6 They
wer e passaged once per week for two weeks. Cells that successfully passaged
were then grownin basal nedia and bFGF al one. They were simlarly passaged
once per week for two weeks. Cells that successfully passaged in bFG- were

then switched to EG- al hey re simlarl assaged once r week for
two veeks. TEBLTER L JE GBI s asEa BT PR LR PROR SRRt ched back
to bFGF andyg iRl | @&l - NERKsBRY BakARA iRHPEESServdRnGRMchBEGIEe! |'s that
successful ly passaged in bFGF were then switched to bFGF+LIF. [0085]

Cul tur es t h&mehddcy uecoeswilatly pagsasslaged poveecktthetwr eotksu€ el shat o ei ght

b ocess werbthaCHbRaRTAnCs Yoot o Ghel PN SEGF e Bl corcens. 1n

vitro, the taelwekRusttidieprafdse wa conifueds Comdinhf Ricentiufll pdssapeddar s (nestin,
vinmentin, sox2, and nusashi) yet, in response to induction, express nmarkers
consi st ent bRCFHvers plam svatcpe@iouE e d.IFThe in vivo functional screen entailed
continuing to use only those cells that had the ability to engraft,

m grate, anlti08&f] Guiuentthathed sucogisidlyapassaged opérahe ptevons smtto cighe ventri cl es

and cerebel |l a, of newhorn, (PO. m ce and vyiel ded o].factory bul b neurons or
cor ebel | ar WEANENE S Y adlrete e Sy e A LR PRS0 T our - weeks,
the m ce Wwefge ichRabeasdtd M 16L eidinevoMineibraANRESeny] &l figd, meueens in the
ol factory bulb, glia in the cortex, and granule neurons in the cerebellum

Based on t tnust 5eplklein enpress engidbrentigtedmarkers énanan.ovimertimaeed.wnd el ect ed f or
furth | j : i en, and
urther us usmﬁ%g?t, 1'11{}%%0}9&%‘8 1&&‘1{&98%%§g1%9§’%1%ﬂ7%§&%n%1§%§%e %ﬁ% géﬁa%%@ an

stored as dozens v S of “ear sSage or future

experi ment $rediesdu. t THegn hivoeinAiRutiosteden Shelited eddthuigyto hee sedadeont o
polymeric articles in accordance with the foregoing exanple. [0087] Wile

this descricpts Bat had thaailip oineeflepisial. sl @llerplislFy” enpslifments, it will
be under st qodiMatbh @rggt dntrfdes a!ﬁgtcgl(;eelbélg oft &b Pe gg?&%ﬁﬂgaae&my be made

and equi val ents nay be substitute enents t t‘hout departing
from olfactory bulb neurons or cerebellar granule neurons, respectively.

[0086] After three to four weeks, the mice were euthanized to determine which
hNSCs yielded neurons in the olfactory bulb, glia in the cortex, and granule
neurons in the cerebellum. Based on this screening protocol, cell lines were
ultimately selected for further use. These lines were expanded and then aliquoted,
frozen, and stored as dozens of vials of early passaged hNSCs to be used for
future experiments. Resulting human neuronal stem cells may be seeded onto

polymeric articles in accordance with the foregoing example.

[0087] While this description is made with reference to exemplary embodiments,
it will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof without departing from
the scope. In addition, many modifications may be made to adapt a particular
situation or material to the teachings hereof without departing from the essential
scope. Also, in the drawings and the description, there have been disclosed
exemplary embodiments and, although specific terms may have been employed,

they are unless otherwise stated used in a generic and descriptive sense only and
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the scope. In addition, many nodifications may be nade to adapt a

particular situation or material to the teachings hereof w thout departing
from t he woezenniiled32scope. Al so, in the draw ngs and t hePdedaseéosiorrznag t here
have been di scl osed exenpl ary enbodi nents and, although specific terns may
have been enpl oyed, they are unless otherw se stated used in a generic and
descriptive sense onIy andnot for purposes of limtation, the scope of the

clains therefore not ing so || nlted ver e skllled in the art
1| "appr odDAE PHARbeE P08, RS AF Y SOl BISEE Her el nmay. be
sequenced ijfmigddt aiERbV ol HAledGh t&ta‘%@v’%ﬂﬂ%r&%téﬁﬁt)bé}?a% st@lb*sedﬁfl@r e, it is

i ntended that the appended clains not be imted to the particular
enbodi nent neitbadsskssdsded heiem mey habdquenged ig Iabematl\@eord@tmfdteph ataythee sub

headi d f d houl d
ot be_condb PR ad TPEHHE: ho. een Rl FaS e s E TR HE e P aEY: *of “an

ani mal or hydiRilas ¥kibedimonndidelestdtiedieoFina Dyat Mtbluﬁgoe'iﬁcﬁ&ﬁth@ifthé gi®vi ng at
| east a portion of a tunmor froma |ocus of an animal or human spinal

col um, andcedipgseipyided herginge faigharoaderyrmsonyenipicscoidrbey Hioul damqtub@l e into

t he splnal ﬁ&h aQFnﬁﬁ? ani mal or human, wherein the polyneric
bloconpatlb e ar blodegradable or bi oabsorbable in vivo. 2. The

met hod according to claim1l, wherein the polyneric bioconpatible article is
el ectrically conducting. 3. The nethod according to claiml, wherein the

i npl anting step includes inplanting the polyneric bioconpatible article
into the animal or human spinal col um proxi mate adjacent to the |ocus such
that the polynmeric bioconpatible article at |least partially surrounds the

| ocus of the tunor after surgical recessing thereof. 4. The nethod
according to claim1, wherein the polyneric bioconpatible article is
substantially tubular. 5. The nethod according to claim1l1, wherein the

pol ynmeri c bi oconpati bl e

-30 -



article is a hollow tube. 6. The nethod according to claim1, wherein the
pol ynmeric bioconpatible article fornms a tube having a dianeter of between
about 0. Iwg@i2eroomses3and about 10 millineters. 7. The net hedTasSeasaia2get o
claim®6, wherein the dianmeter is between about 50 m crons and about 175

m crons. 8. The nethod according to claim1, wherein the polyneric

bi oconpatible article is longer than the spinal tunor tissue.9. The nethod
according to claim1l, wherein the polyneric bioconpatible article is at

| east abouﬁglﬁﬁgéines | onger than the locus. 10. The nethod according to
claim1, in”the polymeric bioconpatible article conpletely yet
gradual |y resorbs after inplagtation. 11. Th égﬁthod ccording to claim 10,

wher ei n t hd- pol yhBcthodigf Gredighirrasmentpiananin 4maR Y0eR BFYr at e of about

bet ween abgiyt, disabqut, 89 days in vivo. 12. The method according to
claim1l, mhergﬁﬁoﬁﬁéspglsﬁgric bi oconpatible article is conprised of one or

more polymers S%ﬁ&'ﬁﬁg |aI 1%9&7{%3;@%9%;@%9%&89 bt 1’69uﬁ°$f a%;’a!ﬁrg%lrorr%]h&aﬁo' ynmer,

pol yani | i ne, polyace I ne, phenyl ene, poly- enylene-vi nyl ene,
pol yt hi ophapmal dudurms, and teerdafconbi nati ons thereof. 13. The nethod accordi ng
to claim12, wherein the one or nore polyners conprise polypyrrole. 14. The

net hod accor di NngmbRinfih@h @b@&enmc@h?aﬁm aftitge Rifo MRRLEinBOdNIMRA SF ¢eNPr i se one
or nore repeating nononers selected fromthe group consisting of a

gl ycol i de, apiealiog8uman.oxizaidinéic pedpneniabioeerapatible sriicleys biedegraddbdmert e,

et hyl ene g%ﬁﬁ%&ﬂﬁ%@%?iwaand conbi nati ons thereof. 15. The nethod according

to claim1Z, erein e ‘one or nore polyners conprise a biodegradabl e or
ester. 16, The nmet hod acc ing to claim

15, “whor o - he TeRsioLRiepiifs BTk asre P Rat by aRRhN Ge or
pol y( gl ycolaktglge Boidcaedaligdedaducting.
3. The method according to claim 1, wherein the implanting step includes
implanting the polymeric biocompatible article into the animal or human spinal
column proximate adjacent to the locus such that the polymeric biocompatible
article at least partially surrounds the locus of the tumor after surgical recessing

thereof.

4. The method according to claim 1, wherein the polymeric biocompatible

article is substantially tubular.

5. The method according to claim 1, wherein the polymeric biocompatible

article is a hollow tube.

6. The method according to claim 1, wherein the polymeric biocompatible
article forms a tube having a diameter of between about 0.1 microns and about 10

millimeters.

7. The method according to claim 6, wherein the diameter is between about

50 microns and about 175 microns.

8. The method according to claim 1, wherein the polymeric biocompatible

article is longer than the spinal tumor tissue.
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17. The method according to claim1, wherein the polyneric bioconpatible
article consists essentially of a single scaffold of a nol dabl e

bi oconpatwbl2elomatssei al conpri sing pol y(lactic-co-gly colpca/usesod)72228. The
met hod according to claim 17, wherein the poly(lactic-co-glycolic acid) is
75% pol y(l actic-co-gly colic acid) and wherein the average nol ecul ar wei ght
(Mn) is between about 20,000 and about 50, 000.19. The nethod according to
claim1l, erein the polyneric bioconpatibl.e article.cansists. essentially
of “about & 50: SHIBHEICC RSN P SURSEHy CEOToH G iy PR b ock

copol ymer %Ptid?@ls}ﬁ@le%@ttdbﬁnﬁps;ﬁhiés“&ﬁig%ﬁth@ﬁ'tt@lb&%ly| ysine. 20. The nethod
according to claim 19, wherein the bl ock copol yner of

ol y(lacti gpco- i LOy = pal yl-ysi i 9 j c-co-gl
ol 1 ¢ aci dy Ppor snbartihd Acbha bl et Rheldy AR O ABIe e ey
bl ock has anidyesmygjeteiyoya grddanllymsisgibvs aftbhimpddntdimnween about 20, 000 and

about 50,000 and the pol ylysine block has an average nol ecul ar wei ght (M)

of between laboutTht rkbdadoatdgito a0, whtreinthe paBinkel Hewaipdtiblg to claim
1, wherein the polyneric bioconpatible article_ is a nol dable bioconpatible
pol ymeri c 19 hay 4 ¢sgrpstatian mie gﬁat@%@twp%qthoyt SO aerlihouh 0 peisyher . 22. The
met hod accqrding to claim2l, wherein the electricity conducting polyner is
sel ected fromthe group consisting of a polypyrrole polyner, a polyaniline,

a pol yacet ylL,i ne,.a -/ ?2-phenyl ene,, a.pol.v-/ ?- phenyvl.ene-vi nyl ene, a
ool vt i onhaRe R b Ao i 1 SARE e BRSO el 0

accordi ng tagtict¢ Riddmbriséeff @icror e POlyHIRY detechiddEsanmpat drblecarisistieg € conpri ses
one or nore nedicinal agents conpatible with spinal colum neura
r egener at i & PelypPHElcipal M polyelinge palyacoadss pelg-phenglcas.MoP3, wherein the

one or nor zﬁ-é@ﬂ%ﬁhé‘-@lnﬁr{%@%@wﬁi&%&é h%&ﬁﬁ,%nﬁ%&%lnaﬁ%#ﬂ‘[@rye&fge”er ation or

heal i ng as e ani n to recover notorsensor unction after

spi nal tump, sutgerye, 25, T, JRIAAA AESALA ' Re 6t Aol fdmiter ei n the one

comprise polypyrrole.

14. The method according to claim 12, wherein the one or more polymers
comprise one or more repeating monomers selected from the group consisting of a
glycolide, lactide, dioxanone, caprolactone, trimethylene carbonate, ethylene

glycol, lysine, and combinations thereof.

15. The method according to claim 12, wherein the one or more polymers

comprise a biodegradable or bioabsorbable linear aliphatic polyester.
16. The method according to claim 15, wherein the linear aliphatic polyester
comprises polyglycolide or poly(glycolide-co-lactide).

17. The method according to claim 1, wherein the polymeric biocompatible
article consists essentially of a single scaffold of a moldable biocompatible

material comprising poly(lactic-co-glycolic acid).

18. The method according to claim 17, wherein the poly(lactic-co-glycolic
acid) is 75% poly(lactic-co-glycolic acid) and wherein the average molecular

weight (Mn) is between about 20,000 and about 50,000.
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agents that stinulate spinal colum regeneration or healing conprise one or
nore therapeutic nedicines. 26. The nethod according to claim25, wherein

t he one owormorod1683er apeuti ¢ nedi ci nes are sel ect ed fromPCAISQE0SOE2226
consisting of anti-inflammuatory conpounds, anti-cancer agents, anti-oxidant
free radical scavengers, woundhealing pronoters, pain-controlling agents,
neuropl asticity enhancers, and antidegeneration corrpounds 27 The et hod

accordi ng t cl ai.m 26, er ej. n t he .one qr nore t hat

stimul ate spi naallht‘?é]ilqﬁw gaé'ﬁ‘e]t’éﬁ e%ng}eﬂr‘}gfi??rffg 18? surface of
t he pol ymrah%l@b&ﬁis@ é@@édtﬁll&@ﬂ%&h@g :50Mlldrell FF po%@laotT@@o-@EkBQ@'aé&ﬁor ding to
claim1, wherein the polyneric bioconpatible article is a tube and the one

or nore medndabkickagpolymeapepapiiacicrrecslpeoligracidnpelylsind ace of the tube. 29.
The met hod according to claim28, wherein the one or nore nedicinal agents
that stinul2ate shicmadthabiocomiingigetemald, omerin thedlickgopaolyprer £ one or nore

donor neuron cells. 30, Th od accor dj laim 2 wherein the one
or nore dorpafﬂﬁe&a? 6%§lycelé<r ngkgﬁ%&@ey Rt o1 mﬂéﬁﬁ%%g &a¥Gnal stem
cells. 31. aH&l ?68/&15& B8 iR p%lﬁla%@@@ g%@ﬁ@hé]d}lﬁl@cl@ﬂef‘s 4 nore

medi ci nal agen s that stinul ate spinadl columm regeneration or healing
conpri se onecrge motesule vembh{ivin) ofshetweanadblogt 20 gadrabohiod), @0 anddi call

f bj f f
removing. att BaE T RlaeR e D s R O T DU oW R B o el or

human spi nal oopahdiBeut®bodH. Ng a pol ymeric bi oconpatible materi aI consi sting
essentially of a single scaffold article conprising poly(lactic-co-glycolic

aci d), andher el%fetn%théd@céﬂﬁﬂ%% ctlahﬁl PURREE tfe RIRRATPAbIRN SR eri al into
t he spinal columm of the aninma hurman proxi mate to the |'ocus such that

t he pol yneritclbisccooidablic [b[qg:ornpatlble polymeric material comprising an electrically

conducting polymer.

22. The method according to claim 21, wherein the electricity 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, a hemosin, and combinations thereof.

23. The method according to claim 1, therein the polymeric biocompatible
article comprises one or more medicinal agents compatible with spinal column

neural regeneration or healing.

24. The method according to claim 23, wherein the one or more medicinal
agents that stimulate spinal column regeneration or healing assist the animal or

human to recover motorsensory function after spinal tumor surgery.

25. The method according to claim 24, wherein the one or more medicinal
agents that stimulate spinal column regeneration or healing comprise one or more

therapeutic medicines.

26. The method according to claim 25, wherein the one or more therapeutic
medicines are selected from the group consisting of anti-inflammatory

compounds, anti-cancer agents, anti-oxidant free radical scavengers, wound
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material at |least partially surrounds the |ocus of the tunor after surgical
recessi ng thereof. 33. The nethod according to claim32, further conprising
st em cel I'WOiI2n1028683¢i ati on with the pol ynmeric bi oconpati plC&/usatosnizeke 34. A
kit for use in a medical treatnment of an animal or human subject in need

t hereof conprising in one or nore containers one or nore polyneric

bi oconpati ble articles and instructions for use thereof in a surgical

met hod for repoving at |least a portion of a tumor from an ani nal or human
Spi nal col dAneomefss. jrin-conBiaflieagShty TepEanASHSIty PUIRRSFGH SBOABY si ng one or
nore pi ecegiePénedtiohicbfipdlngura. 36. The kit according to claim35, further
conprising one or nore trimmng tools. 37. A nethod of nedical treatnent of

an ani mal of MR YRl ERkoldhBSHNAY SLGPTRILS bFfhotd BSAL) SUrdl cal Ty

exposing a surgical site to provide surgical access to a splnal colum
cont ai ni ng ageitsithar stimelgecbimafcdtmh @aastl segponritionordicalidpeart omarsutther eby
providing an _inplantation .site fqQr a polynmeric bioconpatible article,

i mpl anting OEH[E’ I?ﬁ%“r‘ﬂﬁ“ﬁ?%é’o‘i%&t“?t‘é‘lgéméﬁ?i cle into the inplantation site,
and thereafter surgically closing the surgical site. 38. A nethod of

medi cal tr &8t mertheapetbd aspieane Brelrmranvhsimg Betrol¥merisdioseradidic conpri si ng
a step of 'aPﬁctlé ié%tthpégar?d HEALEHE mg,aelr rﬁgdii‘!l‘ﬁﬁl Jg%?fs TPl &J?ftaiﬁzfdo&l Mﬂ‘ﬁﬁ&c .
e al ¢ or human subj ect

bi oconpati b article into a spin ol unmm =of "an ani ma
af t er sur gisadhcerefesaibag of at | east a portion of a tunor fromthe spinal
col umm.

29. The method according to claim 28, wherein the one or more medicinal

agents that stimulate spinal column regeneration or healing comprise one or more

donor neuronal cells.

30. The method according to claim 29, wherein the one or more donor

neuronal cells comprises one or more human neuronal stem cells.

31. The method according to claim 30, wherein the one or more medicinal
agents that stimulate spinal column regeneration or healing comprise one or more

mesenchymal stem cells.

32. A method of medical treatment of an animal or human subject in need

thereof comprising steps of

removing at least a portion of a tumor from a locus within an animal or

human spinal column,

molding a polymeric biocompatible material consisting essentially of a

single scaffold article comprising poly(lactic-co-glycolic acid), and thereafter

implanting the polymeric biocompatible material into the spinal column of
the animal or human proximate to the locus such that the polymeric biocompatible
material at least partially surrounds the locus of the tumor after surgical recessing

thereof.

33.  The method according to claim 32, further comprising stem cells in

association with the polymeric biocompatible material.
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34. A kit for use in a medical treatment of an animal or human subject in need
thereof comprising in one or more containers one or more polymeric
biocompatible articles and instructions for use thereof in a surgical method for

removing at least a portion of a tumor from an animal or human spinal column.

35.  The kit according to claim 34, further comprising one or more pieces of

artificial dura.

36.  The kit according to claim 35, further comprising one or more trimming
tools.
37. A method of medical treatment of an animal or human subject in need

thereof comprising steps of

surgically exposing a surgical site to provide surgical access to a spinal

column containing a tumor,

resecting at least a portion of the tumor thereby providing an implantation

site for a polymeric biocompatible article,

implanting the polymeric biocompatible article into the implantation site,

and thereafter
surgically closing the surgical site.

38. A method of medical treatment of an animal or human subject in need

thereof comprising a step of

instructing a medical caregiver to implant a polymeric biocompatible
article into a spinal column of an animal or human subject after surgical recessing

of at least a portion of a tumor from the spinal column.
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