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WO 2007/089947PCT/US2007/003194 U-SHAPED DISC SHUNT AND
DELIVERY DEVICE Jeffrey E. Yeung and Teresa T. Yeung 5 FIELD OF
INVENTION The disc shunt is used to re-establish the exchange of
WRAZREL4hd waste between the avascular disc and bodily B d(FaE SR/ pg3194
alleviate back pain. This invention relates to a U-shaped disc shunt and
delivery device to preserve hydrostatic disc pressure, simplify 10delivery
and increase permeability of nutrients into the avascular disc.
BACKGROUND Low back pain is a leading cause of disability and lost
productivity. Up to 90% of BcfifAREPRESCSHABKDain at some time
during their lives. For frequeqs el iRxssianGyisis, back pain is second
only to upper respiratory infections. In the United States, this malady
disables 52 million people, and the economic impact has been reported to
be as high as $100 bilifreg &Y paag anddligestE. Soeuaes of low back pain
are varied, in most cases the intervertebral disc is thought to play a central
role. Degeneration of the disc initiates pain in other tissues by altering
spinal mechanics and prodEEﬁIrd)ngﬁ- NS&@QOStress in surrounding
ti¥heekisc shimt istesvd ttetrakdisishhiodxsmns of Heramprrseived Batetn the
avi0AR RO BEdRY SR O HEOLL RIS TG, BRIGKIIRIEN:, o v
16%. The disc consists of three distinct parts: the nucleus pulposus, fhe
shapgd fise shent adatiy e drvifia do oesemmbdrasiatigidispramseais sigplify
debtrergtandl jpcopessipertacgbilitthoouglidatahiibike afiamiandsetain 25
water. A normal disc contains 80% water in the nucleus pulposus. The
nucleus pulposus within a normal disc is rich in water absorbing sulfated
glycosaminoglycans (chondroiff\4AeCREER s ulfate), creating the

SWeti bgdi st e eeaimddadensiigisiass withindhsreallavan ingss Ob896 of

lus..The swelling pressure produced high water content is crucial,
a0 htSridEe B R A RS A e Bl B i e Sy bician

visi hacknaimis srsaad elisusney aeerifatosunfirsions this discLbetisl States, this
mASBLOREYIES 5.2 million people, and the economic impact has been reported to be as

‘high as $100 billion each year. Though the sources of low back pain are varied, in most

cases the intervertebral disc is thought to play a central role. Degeneration of the disc
initiates pain in other tissues by altering spinal mechanics and producing non-physiologic
stress in surrounding tissues, '

The intervertebral disc absorbs most of the compressive load of the spine, but the
facet joints of the vertebral bodies share approximately 16%. The disc consists of three
distinct parts: the nucleus pulposus, the annular layers and the cartilaginous endplates.
The disc maintains its structural properties largely throughits ability to attract and retain
water. A normal disc contains 80% water in the nucleus pulposus. The nucleus pulposus
within a normal disc is rich in water absorbing sulfated glycosaminoglycans (chondroitin
and keratan sulfate), creating the swelling pressure to provide tensile stress within the
collagen fibers of the annulus. The swelling pressure produced by high water content is
crucial to supporting the annular layers for sustaining compressive loads.

In aduits, the intervertebral disc is avascular. Survival of the disc cells depends on

diffusion of nutrients from external blood vessels and capillaries through the cartilage of
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diffusion of nutrients from external blood vessels and capillaries through

the cartilage of WO 2007/089947PCT/US2007/003194 the endplates.

Diffusion of nutrients also permeates from peripheral blood vessels
WQERATERG the outer annulus, but these nutrients can only BERSAE87(9354

1 cm into the annular layers of the disc. An adult disc can be as large as 5

cm in diameter; hence diffusion through the cranial and caudal endplates

is crucial for maintaining the health of 5the nucleus pulposus and inner

annular layers of the disc. Calcium pyrophosphate and hydroxyapatite are
theCaapiaaly oIt beRAHa QIR0 PauERLs RUMPRHPHBRIMBISsels

4young as 18 years ofla%%, (%a+cmed ayers begin to accurrtlulate in the 0

A A U R BTN TR HIS U A ESRIE SPRRpREMSAIS ke | om into the
anfydaelaysti ad ehiethstacémadulr dihgathn bedts tragdns them il diameskthbence
ditrRifiadAEel sndBighal Qe wniniehapR ReNefRim %P&ﬁh{gﬁi%gqm@mh of

increases with age. . . When the endplate is obliterated by bone, diffusion

thespyiens RIRARYE gRA P ERomdaTREEmeE TReffisStly limited. In addition to
h@n‘létm_g;ij?@ﬂiféﬂﬁimre.@hd &iytﬁnts_ga;ﬁlﬁ:lﬂﬁtb@bdﬂiﬂiﬂ? ﬁil‘.th@ tiiché dadplate and
nuBRIVEAIRRA! BYHRR D& HiGs PXYIER 899%%%%%}5@9&% ?s%%yfgfgt!vo

part of the nucleus is extremely Tow. Cellularity 0 Isc Is alread

acquipplis ARdlaSard e sadplshHiha Plocd daryln atdeirillarice 2l g bone-
caﬂﬂﬁ%ﬁiﬂ?ﬂﬂifdw eaipeiddaltyheicigdyd by itheleﬁﬂ@lﬁﬁ%f)fm(_iiﬂi&ﬁiémh@ers, which
foﬁﬁﬁwﬁ%%&s}%eg@k%}ﬁmﬁaﬁ @{ﬁé%&@éy&%@rsg&%%m%@S are very

sensitive to changes in cell density of consumption rate Pér cell The

s Brecendniateis ehliterated by honso SifirippipSynireds thecsghshealcified
enaplgbéql egaéafrlyoglyﬁa?.s is ﬁdﬂ@i&ﬁtﬂ@ﬁﬁd@mm&a!ﬁﬂﬁﬁdrﬁ@ﬂﬂ@%]ﬁts%ﬁa@ciﬁed

resylt, the sulfate cosaminoglycan concentratian decreases, leadin
o D S e O ontaen =
thexantg e rf Bainpelsnrireusivandadary dPeliwdasitinel thredisel icdleady low
coRIRESUIR WibiiNiieeaualeebialRREES S5 MR IR BR HISIRMHEAII GBB vity is
re %?{]JXPI n thgncircgmfere ce of the iqner nnulu§ tQ keegp t%;hlatmellae

UGG SOV S T AS S e S R RS TAREY | SE LR IRNA RTINS the

Fusihermopdusgsontimngentrations are very sensitive to changes in cell density or
consumption rate per cell.

The supply of sulfate into the nucleus pulposus for biosynthesizing sulfated
glycosaminoglycans is also restricted by the calcified endplates. As a result, the sulfated
glycosaminoglycan concentration decreases, leading to lower water content and swelling
pressure within the nucleus pulposus. During normal daily compressive loading on the
spine, the reduced pressure within the nucleus pulposus can no longer distribute forces
evenly along the circumference of the inner annulus to keep the lamellae bulging -
outward. As a result, the inner lamellae sag inward while the outer annulus continues to
bulge outward, causing delamination of the annular layers.

The shear stresses causing annular delamination and bulging are highest at the
posteriolateral portions adjacent to the neuroforamen. The nerve is confined within the
neuroforamen between the disc and the facet joint. Hence, the nerve at fhe neuroforamen

is vulnerable to impingement by the bulging disc or bone spurs.
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bulge outward, causing delamination of the annular layers. The shear
stresses causing annular delamination and bulging are highest at the
osteriolateral portions adjacent to the neuroforamen. The nerve

@3?\‘%"@3 Pfithin the neuroforamen between the disc and the %c/gtsjg

hence, the nerve at the neuroforamen 30 is vulnerable to impingement by

the bulging disc or bone spurs. WO 2007/089947PCUU S2007/003194

When oxygen concentration in the disc falls below 0.25 kPa (1.9 mm Hg),

production of lactic acid dramatically increases with increasing distance

fioiethexaaem kaecaitatph withindise filds ballora. RickiPaz(di® eanddg)iratisduction
of maaeaae&dhaﬁyﬁ&ﬁ@ iHifbRGs HARYARIGI0 IRAIS & #5300 !H&zfﬁéatﬂ% pH

rich vated posterior longitudinal ligament, 5facet joint and/or
W‘q’lé’#\}é %ﬁr‘d %ﬁéﬁé‘ﬁ?&ﬁﬁﬂ‘ﬁwnpaﬁwse%ﬁ?w} dliffesghthrough

ml(aQtEﬁHS@felmammlbw infitafihe theedchhH rofesyaspt poatidalikagRtinal hgament,

07{003194
In

fa@ﬁ@iﬂ@%ﬂ%@&%éb@& e, meeshe gg%és %Ea%%ogﬁcgs? ﬁgé%re %Qé:seﬂg “o

times higher in symptomatic
acm&:%vmam %’wﬂ?h e¥ HeimeyheE R e sEseR v %elﬁﬁ@eﬁrﬂewer

thapl denmaeteypH lof some bieepe iaiidecd ceprion 8 tifirdisened Bi¥Raaats
by dense fibro ss ars a ons witl
o s HUSHAL B e O S SR e e

C°W§§t%*ﬁwgftﬁétbfa@ﬁ?aqe%Fimmbmkmwss @mmm\tgw
syl@Riaasic discy) akbe: gheesachE E6isR BRBARAeRIGEbHIdgReis (NS dMRGind

adﬁet.s?cﬁ’lg \«%& g{%%&l atﬁ(?al.t[l é)glb%ng%r361 OI.-llhep ot IC 15 a‘;[lr%tﬁgf CaCKlfr?]é\}% discs

sciatica can be reca | maneuvers that 4o no
waiof} tipenthe Wls&éﬁéé&?lsahne injection, dlscography, and compression of

the prsipinelp 8giy el GamemSol SRR ARt RS eh Ybrecise

on- s ec1f| in is caused lactic acid irritatiQp secre ed from the disc.
pa lﬁ?glé fionn O%Eeg ?sstl:sca?rlE OURAE ISR q(yy 'r’iﬂ‘be’é\n‘bon"sl’ec‘ﬁc

ravomBpekgiain ead Miﬁi\?@ﬁm mmmmq@muammmﬂaméo not affect the

neRRITHREGIHR wmna‘&igrﬁn&lmam%awﬁm BRI PN S the
pols‘}?lt thE0 rod Ctl?r? of lactic Cld resence of oxygen, metabollsm

BRI SRS L HRRTRE or da&?é. hahaERR At sormRedliappn is

eac
cayped byHaghieetydigrisitticrasidretyd| é@mdlal @lisronitiectspoittohhindidd Bisfhish out

thehlmr@ B&EQYMQH%BQHHWEE&QHQ&%B’ 39 Qi?&)ﬁ%!}l?élﬁ &f tﬂ%t‘ééﬁ&% acid to

retalnln gteoglycans. Under anaerobic conditions, the metabofism of
pro IR 16?30 cp 1 . Currently, no intervention other than discectomy can halt the

productlon of lactic acid.

In the presence of oxygen, metabolism of each glucose molecule produces 36
adenosine triphosphates, ATP, through glycolysis, citric acid cycle and electron transport
chain. ATP is a high-energy compound essential for driving biosynthesis of the water-
retaining proteoglycans. Under anaerobic conditions, the metabolism of each glucose
molecule produces only 2 ATP and two lactic acids. Hence, production of high-energy
compound ATP is low under anaerobic conditions within the disc.

The nucleus pulposus is thought to function as “the air in a tire” to pressurize the disc.
To support the load, the pressure effectively distributes the forces evenly along the
circumference of the inner annulus and keeps the lamellae bulging outward. The process

of disc degeneration begins with calcification of the endplates, which hinders diffusion of
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molecule produces only 2 ATP and two lactic acids. Hence, production of
high-energy compound ATP is low under anaerobic conditions within the
disc. The nucleus pulposus is thought to function as "the air in a tire" to
WQResEUsdthe disc. To support the load, the pressure effech¢dRyS2007/003194
distributes the forces evenly along the 30circumference of the inner
annulus and keeps the lamellae bulging outward. The process of disc
degeneration begins with calcification of the endplates, which hinders
diffusion of WO 2007/089947PCT/US2007/003194 sulfate and oxygen

surmatef Haad auﬁé@usmgmf&ul FlAS M@%b@?. p@ygggu,qgmﬁmp@mt teg
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Approximately 20-30% of low-back-pain patients have tgeen diagnosed as
A IR PG Ar e SRR ALITG. PRETEXITHELY Shgiiagiionreirbcesin
pagendshoredsea aghnosethesfkoahinspisad regpieitat Gustabilityig aMepis ay
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In addiiapi e piinsgins breruryasiditeRrnribmamrenbitregssiop of lactic
ackboerieraiei theirljsretaieddliaadsisiereibed in PCT/US2002/04301 (WO

T filed on Fehruary, 13, 2002 with

e ool HIR A ol SR DS AR el iy o
regsnerdte thesdesseied slisn is errsibsd Fa RS GF FRRAIKB AR d WRsE802/064044)
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4/14368 (W 101015) and US applications ,
AR LA

eung and , both applications filed on May 7, 2004. US
prOVRS AR PRRdEHS Sppirkcatioblistivz B64exdiette nfvutkentseamdOy 200 hdsyeen

thedfrencmariveung al?deﬁqga@dlsau@ﬁaldﬁﬁggwgu ﬁgﬁ%yzéstﬁlowmrs‘gﬁ O|o
iguration elivery devi isc -5 an -S1 are shielde
oY R SElien e (OPRET Y2y e 20

applications filed on May 7, 2004. US provisional patent application 60/626644, filed on
November 10, 2004 by Jeffrey E. Yeung also described several disc shunt (conduit)

configurations and delivery devices.

Discs 1.4-5 and L5-S1 are shielded by the iliac, inaccessible by straight needle from
outside to deliver the conduit into the disc. However, through the pedicle of the vertebral
body, the elastically curved needle proposed in PCT/US2005/22749 (WO 2006/002417),
filed on June 22, 2005 by J. Yeung, can puncture through the calcified endplate to deliver
the shunt or conduit for exchanging nutrients and lactate between the avascular disc and
bodily circulation.

Chemical or physical modification of the disc shunt was proposed in
PCT/US2006/44795, filed on November 17, 2006 by James E. Kemler and Jeffrey E.
Yeung for enhancing, selecting or deiaying molecular transport into and out of the
avascular disc.

By re-supplying the disc cells with nutrients and oxygen through disc shunt or

conduit, biosynthesis of sulfated glycosaminoglycans may increase to retain additional
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outside to deliver the conduit into the disc. However, through the pedicle
of the vertebral body, the elastically curved needle proposed in
PCT/US2005/22749 (WO 2006/002417), filed on June 22, 2005 by J.
WQ%??H@,S THA puncture through the calcified endplate to deIivé’Fﬁ@%ﬂWﬁ({Oﬁ}%
conduit for exchanging nutrients and lactate between the avascular disc
and 25bodily circulation. Chemical or physical modification of the disc
shunt was proposed in PCT/US2006/44795, filed on November 17, 2006
by James E. Kemler and Jeffrey E. Young for enhancing, selecting or
watks agthspstrotecoiaprsatap brading. adnoat ssthentlaisstabilidismB3OByssive
lod SR MG Re Gl YIRS @RI RYAan RiBHER cg%égeﬁt‘té’ﬁ% or

onduijt, biosynthesis of sulfated glycosaminoglycans may increase to

RN LRTHREh T e BRI 9T ARt AR AY 906990 03 TR MR A irritation
and iistegnase prodres sinerfoa@ih girkanceipseairani aff s ahitiy@ndmxcessive
pr&&@@ga%facet joints are minimized to alleviate back pain. With the
presence of additional oxygen, production of lactic acid may decrease to
minimize acidic irritation M@BW@MTP, driving
bidsy atidasia UFthapsdidife i@iogted gﬁtﬁ@wﬁm &%M%&B%@E the other
Tl . e f a U-shape unt is inserted into the lumep of
em R e e R S T8 2 o o o
of theHiurkissrecsa begide shetside avadl of the rerdieipregsinaint Pesigeulus
thzmsgz?utswgz maln%ﬁﬂsa.l ne@_ﬂ@epwﬁﬁ@dﬁmgﬁam%,;ﬂémb %Yfz@én the
ur. ole. During nee it al, the friction between the
o L B e S TR oy e o
sliglesoyt the hipem affidhe Berdiectadapiovihbsbeptd shutpiothih the)défvapidee the
U-shapeidvithin i'eigs prisediig hishaped siutisitig MaRsassiietintos

the e?suﬁxa””“"éﬁﬁ h%grgstatlc pressure is preserved within the shunted

Priee® gﬂné‘t’ﬁgfi’ -S apedsghunt can be linked to the outside strand to

irfpetiss Chyinpedshiontsianrhediniod teshe ¢Risple suditicapacitasat) (Ektion for
shAAGTIBUISRI @) PRSI %a@@%&e&%m&Maw%@? RoiEGe 1o

Additlve%, buffer, mgri nis, factor and cells
regenerate t

e intervertebral disc” Additives, buffer, nutrients, growth factor and cells
can also be incorporated into the U-shaped shunts to expedite disc regeneration and

alleviate back pain.

REFERENCE NUMBER
100  Intervertebral disc
101  Needle
103  Trocar

105  Endplate

108  Calcified layer or blockade
114 Annular delamination

126  U-shaped disc shunt or conduit
128  Nucleus pulposus

129  Facet joint

150 Drll

159  Vertebral body



10

15

20

25

30

can also be incorporated into the U-shaped shunts to expedite disc
regeneration and alleviate back pain. 20REFERENCE NUMBER
100Intervertebral disc 101 Needle 103Trocar 105 Endplate 25108Calcified

WRE7/889Bt3ckade 114Annular delamination 126 U-shaped dféd /31apft7¢103194
conduit 128 Nucleus pulposus 129 Facet joint 30150 Drill 159 Vertebral
body WO 2007/089947PCP-1182007/003194 230Sleeve needle 269
Lumen of needle

230  Sleeve needle
269  Lumen of needle
278  Pedicle

279  Drill stop or step
360 Stem

362  Indentation of the stem

363  Bevel of the stem

364 Body of the stem

366 Edge of the stem

367  Restriction device

368  Sharp inner wall of needle

369 Damage portion of the shunt

370  Dull, round or blunt inner wall of the needle
371  Slit of the needle

. 372  Protrusion or anchor of U-shaped shunt

373  Link or attached shunt
403  Prong
DESCRIPTION OF THE DRAWINGS

Figure 1 shows a portion of disc shunt 126 extending from the lumen 269 and draping
over the outside wall of a needle 101.

Figure 2 depicts needle 101 puncturing to press-fit the shunt 126 into annular layers
of the intervertebral disc 100 to preserve hydrostatic disc pressure.

Figure 3 shows withdrawat of the needle 101 to deploy the shunt 126 within and
extending from the disc 100.

Figure 4 depicts a longitudinal view of the shunt 126 with a damaged portion 369 cut
by the sharp inner wall 368 of the needle 101 during disc 100 puncturing.

Figure 5 shows a rounded or blunt inner wall 370 at the lumen 269 opening to prevent
shearing or damaging the shunt 126 during disc 100 puncturing.

Figure 6 shows a slit 371 opened from the lumen 269, forming a step or indentation to
shield the shunt 126 from shearing during disc 100 puncturing.
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278Pedicle 279 Dirill stop or step 5 360 Stem 362 Indentation of the stem
363 Bevel of the stem 364 Body of the stem 366 Edge of the stem 10367

Restriction device 368 Sharp inner wall of needle 369 Damage portion of
. 1S2007/003194
WL 970 Dull, round or blunt inner wall of the needle 3')7%7541)‘ B

needle 15372 Protrusion or anchor of U-shaped shunt 373 Link or
attached shunt 403 Prong DESCRIPTION OF THE DRAWINGS
Figure 1 shows a portion of disc shunt 126 extending from the lumen 269

aﬁ%ﬁ{é‘ﬁ InghaRQVELIN S sids wallil %hrﬁ%?q ,1 Dhide and outside the needle
101. Deployment of disc shunt 126 depends primary on the friction between the annulus
and the section of disc shunt 126 outside the needle 101.

Figure 8 shows an anchor or tapered protrusion 372 on the outside portion of the
shunt 126 to add friction and assist shunt 126 deployment during withdrawal of the
needle 101.

Figure 9 shows a needle 101 with a triangular cross section. The needle 101 is
sharpened, beveling to one side of the triangle.

Figure 10 shows a cross section of the triangular needle 101 and disc shunt 126
extending from the lumen 269 and draping over a vertex of the triangle to minimize
friction between the shunt 126 and needle 101.

Figure 11 shows a link shunt 373 threaded through or connected to the portion of disc
shunt 126 outside the needle 101.

Figure 12 shows a cross section of the needle 101, shunt 126 and link shunt 373 to
increase transport of nutrients into the avascular disc and friction essential for shunt
deployment.

Figure 13 shows the needle 101, shunt 126 and link shunt 373 puncturing and press-
fitting into the annular layers to preserve hydrostatic pressure of the disc 100,

Figure 14 depicts spreading or kinking of the link shunt 373 to add friction between
the link shunt 373 and anmﬂus during withdrawal of the needle 101.

Figure 15 shows deployment of the shunt 126 and link shunt 373 by withdrawing the
needle 101 to re-establish the exchange of nutrients and waste between the avascular disc
100 and bodily circulation.

Figure 16 shows a guided trocar 103 puncturing through soft tissue into the pedicle
278,

Figure 17 shows a sleeve needle 230 inserted over the trocar 103 into the pedicle 278,

Figure 18 shows replacement of the trocar 103 with a drill 150 in the sleeve needle
230, drilling through the calcified endplate 105 into the degenerated disc 100,

Figure 19 shows advancement of the sleeve needle 230 sliding over the drill bit 150
into the drilled hole of the calcified endplate 105.
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Figure 2 depicts needle 101 puncturing to press-fit the shunt 126 into

annular layers of the intervertebral disc 100 to preserve hydrostatic disc

pressure. Figure 3 shows withdrawal of the needle 101 to deploy the

WQRMH{B% Within and extending from the disc 100. 25FigureP4 HEpHS/Y3194

longitudinal view of the shunt 126 with a damaged portion 369 cut by the

sharp inner wall 368 of the needle 101 during disc 100 puncturing.

Figure 5 shows a rounded or blunt inner wall 370 at the lumen 269

opening to prevent shearing or damaging, the shunt 126 during disc 10

BUER AP §hoos VA GBS Sl 301 SHAMATH TR AREHeTsSale 230
withidintiaghiistepols dfdhatalicifidd daghietditite shunt 126 from shearing

1 o S%%&Q gn"HP%%'TES ?g&??@ﬂ%ﬁ%ﬁﬂ? sgégggg&ié%@ﬁa n%edle 161

igure /7 shows a cfoss section of the disc shunt 126, inside and outside
to pressridicidie lirdred Py I6n 883 it s it ¥ depends primary on the
friglion Peiweeovhedraiust andsibevseciar abdics dluntildl ovisidewtn the
. .heedle 101, jgure. 8 shows a char or tapered protrusion 372 on
hmﬁgesgﬁ tf’d‘éng?t%%%f B2RGH %fglf%t%g%pflﬁ? ﬁ%%n%nd assist shunt 126

dapioy Ateshans ideplowmpaediths Hinkedethwats §36, SEjbyavitagiswing the needle

10 1NREHBRE Ol I A KIBNMI R 19O S5 8GRH PRtefiBLoTeRE WA OBris SRy Nenes re-

" %?é\gﬁllnq to one %ideaé)f th}? ﬁriangle. Figure 10 shows a cross section of
eSTARESHATEITAEP ARR AR D TEAMERc shunt 126 10 extending from the lumen

J68uae 84ishpaoveterive apxrodah asinarsiielas diiHimgzr egedens tepwartpre and
deplfy U RhRELs ARt 26118 AHdonn &Gk 8rblashRNB RHEK BIMUHIZAS vertebral

threaded through or connected to the portion of disc shunt 126 outside the
bodylafle 101. Figure 12 shows a cross section of the needle 101, shunt

Tgwaad jiskosyua1 BFdiped Sinotd2scsummeisorbesivasiprmagnudrxtended from
a s@¥asgylar disc and friction essential for shunt deployment. Figure 13

shows the needle 101, shunt 126 and link shunt 373 puncturing.and
F}?&@g@ 26 shows the lumen 269 of a needle 101 hous?ng tﬁe U-s apgd spnmt 126,

prongs 403 and stem 360, for puncturing and delivering the shunt 126 into a disc 100.

Figure 27 shows a U-shaped shunt 126 delivered by disc 100 puncturing and
withdrawing the needle 181 shown in Figure 26, while holding the stem 360 stationary.

Figure 28 shows an indentation 362 at the distal end of the stem 360 to support the U-
portion of the shunt 126.

Figure 29 shows a U-shaped shunt 126 supported by the flexible stem 360 within the
lumen 269 of an elastically curved needle 101 puncturing through the calcified endplate
105.

Figure 30 shows a cross section of two U-shaped shunts 126 supported by a square~
like stem 360 within the lumen 269 of a needle 101.

Figure 31 shows a restriction device 367 holding the two U-shaped shunts together
within a needle 101.

DETAYLED DESCRIPTION OF THE EMBODIMENTS

Disc shunt 126 is a flexible and semi-permeable conduit transporting nutrients, waste

and oxygen between bodily circulation and the avascular disc 100. The disc shunt 126 is

bent into a U- or V- configuration. The lengths of the bent portions do not have to be
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fitting into the annular layers to preserve hydrostatic pressure of the disc
100. Figure 14 depicts spreading or kinking of the link shunt 373 to add

friction between 20 the link shunt 373 and annulus during withdrawal of
W§12e0?17é0esa?é17101. Figure 15 shows deployment of the shunt 12e 3R TRk 124

shunt 373 by withdrawing the needle 101 to re-establish the exchange of
nutrients and waste between the avascular disc 100 and bodily circulation.
Figure 16 shows a guided trocar 103 puncturing through soft tissue into

' +Fi a sleeve needlg 230 ins d over.the
e R B R R e e3R8 o B et

101 yebilprthe efhgriend of the Shebopedsbums 22®iscimprg wvetdie thusise oifdicpf the
thiandeiite10050iadha Bepaeasated disc 100. Figure 19 shows
advancement of the sleeve needle 230 sliding over the dril| bit 15Q 30into
G R U 1R 500 TG A7 vers the
U-ghrpod/dis stgwt 124 delivestibdesmintol thamiidsdy G Oritgsiaditad 00
witpaé mca@wzﬁ, ai@@u%%%m{lg?mel%hs%qréﬂe%qtlﬁ %i*ﬁﬁé&%@e%%eﬁd‘&@neegie@c 100,
105. . ,Figure S en e yuncture through the sleev
‘h‘*z%‘éf%‘§ea“c"ﬁ%%ddf§ %%‘&%%@f?wme‘%ﬁpm"iﬁn agged gnd tighyly,prassed
agaidst Bieigumel 2 svoniseviith thawalsafcthalllefihe neetitcidRAHmadby dissilie

puRRIRA NS A KECHRIVGH SR Al [ UG HOR ASRISIE AU, (he gnx%xlus
eployment. Figure 23 shows deployment of the linked shunts 126, 37
an i HERA

Chihsdissharet BynhLes frldswiannberaite sbertARbine
allpwanip thof itmideatrehdatbbidy 450te heestebiSbititmnisiantasitown in

Figle P Nfice one strand is press-fitted within a small puncture, the U-shaped shunt
126 is well sealed within the elastic annular layers to preserve the hydrostatic pressure of
the disc 100.

Figure 3 shows that the U-loop of the shunt 126 is deployed within the disc 100 with
the proximal ends of the shunt 126 extending outside the disc 100, in contact with bodily
circulation. As a result, the exchange of nutrients, oxygen and lactic acid between the
avascular disc 100 and bodily circulation is re-established to (1) increase biosynthesis of
the water-retaining sulfated glycosaminoglycans and swelling pressure for sustaining disc
compression, (2) decrease strain on the facet joints and pain from segmental instability,
(3) lower production of the irritating lactic acid by converting anaerobic to aerobic
metabolism, (4) increase production of ATP through the aerobic metabolism pathway to
energize disc 100 regeneration, and (5) expel lactic acid through the shunt 126 to
minimize irritation. In essence, the U-shaped disc shunt 126 is deployed to halt disc 100
degeneration and alleviate back pain. .

One leg, portion or end of the U-shaped shunt 126 occupies the lumen 269 inside the
needle 101 while the other leg, portion or end hangs outside the needle 101. The inside
portion of the shunt 126 is free to exit the lumen 269 of the needle 101, The wall of the
needle 101 at the distal end provides support to the U-loop of the shunt 126 for disc 100
puncturing. In addition to providing friction for shunt 126 deployment, the outside

portion of the shunt 126 is pressed or squeezed beside or along the needle 101 wall as it
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10Figure 24 shows an anterior approach using similar drilling procedure to

puncture and deploy the linked shunts 126, 373 connecting the avascular

disc 100 and the vertebral body 159. Figure 25 shows a U-shaped shunt
wa 20 Y08bTted between prongs 403 extended from a stem 86&/USHET§pe

26 shows the lumen 269 of a needle 101 housing the U-shaped shunt

126, prongs 403 and stem 360, for puncturing and delivering the shunt

126 into a disc 100. Figure 27 shows a U-shaped shunt 126 delivered by

disc 100 tuyri ith ing the needle 101 shown in Figure 26,
e AT e 96 SRR oA SHETER A RBA TS
ne@dltlwdlizsmbebnbb.ofﬁtﬁerstemleGOIovﬁtpmvhmw&ﬁbcaﬁnﬂwﬂmersl_semaround
thelgéiﬂoggmg #s30ave adrehiagd a@%&%&ww&&%w&ﬁ.ﬂfz@m@ disc

stem 360 within the lumen 269 of an elastically curved needle' 10
1O?)uncturing through the calcified endplate 105. Figure 30 shows a
Clirsshaqgtidintalf énddl thh apedishonisually sspponted shyrp kgifakk2lilse 368

ithi | 1., Fi 31 sh .
SR I A LA TS g i

100 dxavactyredrsipming irpniapiedmefitorse ftipUEBm D Rimey 128, the knife-
1ikD i s b Hicl 2ds wallE38¥ eratilabBsh et a6 IMGRRE WH (ANSHP BNl shunt

e B O PO 8 Pt s
whish fightfeftitianiisantiyus isreHererthporhendsonst Material. pBuring in-vitro
studliltd, SHA3ORE ks TA4O2O0Y (RIS euRipCiNe@ing P2 4R%ekk shaRed R mo1-
o SSHES 110 05 gymien 265 o 3 tin ncdle 101 i the oter end,
dt tﬁenﬂgs%apse s??wni gé’ OIS 698 e bt ARS8 PFRR @
remaisgibwigtingheshowen A6 iofthe Withdrawn needle 101. With only one strand of the
U, the shunt 126 was no longer press-fitting into the intervertebral disc100, so it
decreased its ability to preserve the hydrostatic pressure of the disc 100,

"Figure 5 shows a rounded or blunt inner wall 370 at the beveled lumen 269 of 2
needle 101. The rounded or blunt inner wall 370 can be formed by machining to prevent
damage to the shunt 126 during press-fit disc 100 puncturing, as shown in Figure 5. It is
also possible to pad, cover, coat or fortify the U-loop of the U-shaped shunt 126 to
minimize damage by the sharp inner wall 368 of the needle 101. In.addition, the U-loop
can be made with a shear-proof material to avoid damage during press-fit puncturing.

Figure 6 shows a slit 371 opened into the lumen 269 placing the U-loop of the shunt
126 further away from the sharp tip of the needie 101. The additional separation between
the sharp tip and the U-loop facilitates disc 100 puncture by setting up sequential press-fit
positions to gradually enlarge the puncture site. The needle 101 tip spearheads the entry
followed by the U-loop into the annular layers of the intervertebral disc 100. In addition,
gradual enlargement of the puncture site may minimize shearing or damage to the U-
shaped shunt 126 during disc 100 puncture. Entrenching or shielding the U-loop in the
slit 371 may further protect the shunt 126 from shearing during press-fit entry into the
disc 100. In addition, the sharp knife-like edge 368 formed by inner wall of the indented

10



10

15

20

25

30

Since diffusion of nutrients can only penetrate up to 1 cm into the annular
layers, the 5 U-shaped disc shunt 126 is delivered deep into the annulus
uncturlng the disc 100 with the needle 101, as shown i |n F ure 2. As
W?nge WAET101 punctures into the disc 100, the outside stratIoFTHY7/003194
U-shaped shunt 126 is pulled, dragged and tightly pressed against the
annular layers beside the outside wall of the needle 101 through a small
puncture hole. During needle 101 withdrawal, the contact friction between

10 a outsi trand o ed shunt 126 holds or
lurg%%?igrgsl#ﬁe Er?ﬁeq?iﬁléﬁ’oﬁ?ﬁ‘é & msmfép Sfrgf‘i‘é%é‘ﬁ’&é" f& RIfYSAt
dapggeokatiee féshiweroshust Bbwn in Figure 3. Since one strand is

prRss Jﬂiﬁ&)ﬂ“ﬁb@éﬂﬁﬂ@%ﬁmrﬂéhﬁ HrolippeeheHBlidR Bdawal! tﬁ%aiﬁﬂx lus

glﬁ‘hén the elastic an er to preserve the hydrostatic pressure of the

P54 PRitinR o' e URBBS SRS BISTRRS FoBTRTHRAR ide and
ouipidsi mmomsefib@ slwtht tHs pﬂ@tﬂmﬂ@ﬁd&e@dkmelﬁhu M6 @idandivgen the

mﬂﬂtﬂ%&hﬁ%&s&%dﬁﬁﬁ@%ﬁnr@ QIS G GHALRR L3 LM ! ghgé aching

exc e of nuglents Qxy%en and lactic acid between e avas ISC

anfaa fbt&aﬁV PEOIEHRN 3 72 WL thp ukides o efdhe shypisiAthas shown in
Fighee\§atEheespiintpsolfasich Gz dsactiomgly anstaatlswalionsreaspreviiing

Sh&gs{g@m@,gpﬁ?&gqmggqga (2) decrease strain on the facet joints and
pﬁl‘gpfrom segmental instability, ( élower production of the irritating lactic

IRV SitG Hrisharsdishurs drdortserisasrslism, the figtieadistween the
oufsidel mommwf@sunm@é thel satsbcwatiaboiisie @ IIay FeaReaikBws a

ne 5 aC|d fhrou unt 126 t
?nd?fﬁrﬂrﬁ)e‘ﬁ%?tatlon n%sg%r?ége?ﬁg% i ape ﬁ"sc W 95\[ ;lg%f ar%yeg 8
beyelittard spesHey i dharitangil henatedssirepdiol U-chapdsbupiota6rs

alignezholidi the Mﬁhﬁﬁ@i&bﬂﬂﬁﬁ%&ﬁ%ﬂl&&fh&éﬂ[ﬁ@ﬂbm Rdehge 10 shows

a HEEAEAA wlle hemalhier legneqdiPn,g 5 QL 128 et from

1. The inside portlo tﬁe S ree
th%@rféb%?é and dm@waweﬁhvéwm@mx mermmizemrpmmece and

frisiippbetiathatd poR Qﬁ%&%@&%iorﬂé%é&ﬁe%i)%ﬂﬁ%%ﬂ@ot non-
o d(pé nto rowdln fnc |o rsh 6 de Io&/g} nt, the out5|de?£)ort|on

of th esﬁu 156 IS presse or"é’(z:lfueez%1 HEK IB%&?‘H@%E& 1qppetween

theperdie &OMG'FM 326 b Tac g 20ay 4008t B26atrid rs tientidumihgswithdrawal

of tenrrdiba d-shaped:sin thd 36isid PbraERcLIIRIGN.A YSBaMEY RBEHSvith
adRuncture hﬁxle After needle 1 W|thdra\g?{I the elastic annular layers seal

Around The HehIESAHOL S 5%% 13 B8E0H (o 5w 180 sresdigyaeypeor to needle 101
withdipgathtic pressure of the disc 100. 5The sharp distal end of the needle

1pibweual i ainaiassial B@tﬁé&fﬁ&ﬁg&%ﬁ%r attached to the outside portion
of the U-shaped shunt 126. The combination of U-shaped shunt 126.and link shunt 373
increases mass to (1) allow rapid exchange of nutrients and waste between the
degenerative disc 100 and bodily circulation, (2) seal and preserve hydrostatic disc 100
pressure, and/or (3) anchor within the disc 100 for deployment during needle 101
withdrawal. Figure 12 shows a cross section of the needle 101, shunt 126 and link shunt
373. The linked shunt 373 can differ from the U-shaped shunt 126 by having different
(1) material, (2) pore size, (3) coating, (4) additives, (5) configuration, (6) diameter, (7)
length, (8) shape, (9) texture, and/or (10) degradation profile.
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formed by the inner wall of the beveled lumen 269, as shown in Figure 4.
When the disc 100 is punctured during implantation of the press-fitting
U-shaped shunt 126, the knifelike edge of the inner wall 368 inevitably

WQRMHSEHI damages the U-loop of the shunt 126. The damsgEl P8G9+
369 of the shunt 126 forms small fibers or shedding debris, 10which
causes significant tissue reaction to the otherwise inert material. During
in-vitro studies, shearing was so serious that many U-shaped shunts 126
Végre severfﬁd at the U-loops during press-fit disc 100 puncturing. Ma

e Hene e s sridb datiysring dhe shumt dd Svitlites a8 6o press-
fit ot chovithairbanlaywre diel PodseWethpirtysarie pieandeodthiseldidhemshunhd 2ok

shWYRS TP leRNaRLd %ﬁ?ﬁ@@a‘ﬂ&% BIRMELeREah UPHAAnER:! 26 '5 8osmon
15decreased its abilit %é‘ preserve the hydrostatic aﬁogssure of the

they gpguentigh peess-dHontlchmemad dhsr ik 37 4 shoghbbe e sbind or
awlayrieon? 68 of-oppedithd SHunt ke gagrdiecion kﬂuﬁ&ﬁﬂeeﬂﬂvﬂcﬁﬁﬁl ¢aildehg shunt

2P UG TGRS . RN domans e shurt 126 duing prces T

m capac dun he
disc’100 puncturing, as s own AR EiIgure 5. Ttis also posaibe 1o p
anpRl I BES B FORHFeRtats- RIS HRtREtE spRpvked §m9r¥t0926 to 20 minimize

dm&m&he mamm%wa{i@ﬁ%emw NLAAE HUbrdd PRAINA T HRN to the
L Il
ﬁl%@pmmnhetwtwmh@@ngntofzbﬁmm@pmmﬁhmhmulp tfe
mzﬁ’&é 5@&:11&3 l&@%emsra%dgimmb '@@f@ﬁ%@ﬁmmt | il @f}ftﬁ&l%m
0 acClll ES SC ure setlin uental press-ii
nes p(()iéqg' oneP8Yk: th{/‘ en&&%é Ly fn]ﬁ?ulsg g Fé ;ﬂ%’%gbﬁ@"ﬁ)}%ﬁo re-
es@b@aﬂ@a@sﬁmgnwmmmw st Hemyeatthé wvascoidadisye0s ahthe

su%ﬂ(ﬁﬁ@@f@mgggrloo In addition, gradual enlargement of the puncture
site may minimize shearln@Tor damage_to the U-shaped shunt 126 during

dfSEY60 pahRNFE Tesahthi gy nory treres- Bupciyane §ﬂ#§ﬁ%ayo the
pefliclled78rotet thoe s 183t bAGé cmatst et incpdivpingupy esholieantor IMIRIthRible

coéﬁggsfoﬂaggsé BagsilieonnhEARAR inife:] j 1& g\ﬂ7 Are 3§h gdiRy,in nge?\ivfigﬂ

, of the indented WO 2007/089947PC men 2
I D IREAPEIE GRS RO BB mﬁmrem%mﬁ@ also

betoctited isthapdibsimirl t2togeDe NoBIneating hrethahoaadssiuiinhgs is
enﬂQX@é}r@{nthe friction between the annulus and the outside portion of the
shunt 126. Figure 7 shows a cross section of the inside and 5outside

p&‘%ﬂ%’ﬁtﬁ%ﬂ%ﬁﬁ“&@?@mw%m Hopar HESfifcwimdsawrcs
repided with a drill bit 150, drilling through the vertebral body 159 and calcified

endplate 105, as shown in Figure 18. The drill bit 150 contains a step or stop 279 to
prevent excessive drilling through both endplates 105 of the disc 100. The drill bit 150
can also be coated with radiopaque, echogenic, MRI coating or other coating for image
enhancement. The sleeve needle 230 is then advanced to slide over the drill bit 150 into
the drilled hole of the calcified endplate 185, as shown in Figure 19.

The drill bit 150 is withdrawn from the sleeve needle 230, leaving the tip of the
sleeve needle 230 within the drilled hole of the calcified endplate 105, as shown in Figure
20. The needle 101 of the linked shunts 126, 373 is inserted through the sleeve needle
230, puncturing and enlarging the drilled hole of the calcified endplate 105 and press-
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annulus and the outside portion of the shunt 126 can increase significantly

by attaching an anchor or tapered protrusion 372 on the outside portion of

the shunt 126, as shown in Figure 8. The tapered protrusion 372 fiinctions
Wa gy 08?54 allowing entry but-preventing shunt 126 pull out froMURR rags 194

100. 10Deployment of the U-shaped shunt 126 also depends on the

friction between the outside portion of the shunt 126 and outside wall of

the needle 101. Figure 9 shows a needle 101 with a triangular cross

secll n Th trian 101 ssha. nedt ard
ﬁttmlgrfex 0 ?he ?3?1%?] e:IJIEE outs’Icﬁl rand o apee%untﬁ/ |sgg |g1]P11e3nd
hnlwﬁrshnetw%dé’@dge be me%nét% ﬁd@%ﬂaﬁw@mmfpﬁmar@f Pther
coa’ilri]ig\/férj‘é% &ﬁ?ﬁ@@ﬁiﬁﬂtoﬁgﬁrﬁ @Q‘WSR@EE&%MlM&%&éJ&W%O to

shunt 126 extendi men r over. t ular
al]%l’t‘é%"ﬁﬁﬁ?ﬁ%l qgéfﬁ?gn ‘}%ﬁﬁaggt%f% %t?‘ e‘haﬁ’?és eﬁLfn 126 and
depiepnient OHighhe23chdiesidepinyinent of tick cbvm:ed\ stoumis 36 s¥7Sdutivntidmawing
theBlSQRE1HD f&ﬁ@%ﬂé@lﬁxgwﬁe%%i&ﬂahocﬁ&ci@@%s AR UWRARARS of the

needle 101 and the shunf 126 for facilitating'shunt 126 deployment durin

verishral ) L3P Grth TR OE e SHCHADRS PP BUIEN S OVIER BEse.

SRentriad leatk ipeisositechwidin acloegipestswuediog paggnttor Thegslinkifign comes
ﬂz%cd]rﬁod%&l%?ﬁ'{‘&ﬁr ﬁ AMREAIE ST Ot RN A E MG ks for

shows a link shunt 373 threaded through or attached to the outside portion
a‘“&f‘ﬂ’fé@“%ﬁﬁé‘b“ﬁf fHigo ! ‘*Fﬁ‘é‘%‘&nﬁ’&ﬁf‘é’ﬁéﬂ‘&f‘ Bféh%ﬁ@acé’ﬁﬁ Ais I8 frp be
milikisédio: Baltedbyrianphsempdiss dhutts afloyarapideythiiegadflmetieftFigure

248 %@t%@g&%s@mﬁcﬂ%ﬁ& d&%{%‘%ﬁr e""g%ﬁ}%gg‘n (3‘1&15% Sl H&i‘e& roach.

preserve drostaticdisc anc or wit

Thﬂ\'é“&l%‘b stk 29 BIGY Ave mBlantRd Hueush the wrirkrl hadyElgs r*@tfzthe
av&ROKS @RI000 sajakent @ the wuesdie ko), s&;&uaé ll%paﬂédu nkaﬂrwiy&?ﬁergoing

o LSS TASS I R SHSRR R B
thr@@ahgman@nh(&%ﬁfam@zéfomén@m sk %B@St(@ff%tﬁ@r@ ranurwel@;urrem
paﬁlﬁgcf adatiosupsefie SM@&?QZM%B%T/&B&OW%Q&S&Eiﬂugi'céﬁ
aj roac Seth neegl/?d]é%]é dell\é%rlg g)me S&%ﬁ%lZG %nd Ik Qttess unts G into
S T A R TTI LR T ayers ang' Brese tHi/él‘OSf&?l ressure oflt%e
multipiel degenpratink disendOF.3 can attach anywhere along the outside
PeHioRRESRE BBUP1E3Gnd @ H@@d@%ﬁ%@%ﬁ@ﬁi R seslo AttAGHERERE Blocar
10§1§u|r|1rélt(u?et] u’?hg Zl%g,af}%%l oS ﬁeQQgXeB%Q'{]dh tly hammered through the vertebral
body 159 and endplate 105 into the disc 100. The sleeve needle 230 is then inserted over
the trocar 163, advanced into the endplate 105 and the disc 100. The trocar 103 is
replaced by the U-shaped shunts 126, 373 and needle 101, as shown in Figure 21.

The U-shaped shunt 126 can also be delivered completely within the lumen 269 of a
needle 101. Figure 25 shows a U-shaped shunt 126 supported between prongs 403
extending from a stem 360. The U-shaped shunt 126, prongs 403 and stem 360 are
housed within the lumen 269 of a needle 101, as shown in Figure 26, capable of
puncturing an intervertebral disc 100. Afier disc 100 puncturing, the needle 101 is
withdrawn while holding the stem 360 stationary to deploy the U-shaped shunt 126
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5 away from the U-loop of the shunt to ease disc 100 puncture. In addition
to aiding shunt 126 deployment, the link shunt 373 provides additional
sealing capacity within the annulus to preserve hydrostatic pressure of the
WOSHEIEMisc 100. The link shunt 126 is likely to shift, bucRfEL/KiRUEAEISH
spread to add friction to the disc 100 during needle 101 withdrawal, as
shown in Figure 14. Similar movement and 10 friction may apply to the
outside portion of the U-shaped shunt 126. As a result, the inside portion
. of the shunt 126 slides and exits from the lumen 269 of the withdrawn
withinthe dise 188 vinyvedthRisaimked Apudes dogminatign dhd fienm deeeased
swdllintpdise piblish tbalsxchangarofputdertts and waste between the
isc 100 .and surrounding circulation. 15Ejqure 16 shows
SRR At 0 AL SRR LR R an, e
ribbgus 1ikp stawcdfolio hia touisisatedisnate nidhop el neshd6R nfizlor Mitile 101,
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Q158 YR Aipstapdise 106 B wihdrmytine the presf Qi hite
holib dbatsitms 368teptmstop 279 to prevent excessive drilling through both
%ﬁ%ﬁ%&ﬁ%ﬁé&%ﬁﬂ&%@% g Qélkk,%ife&%ﬁﬁﬁ@ﬂnﬁé& AU 101

radiopaque, echogenie, MR1 coating or other coating for image

and: SRARCEH B2 Phrpe pnforming e on 90 Ae Ahaupdiaues SRl Thwetterp360
cardhidvbildiightirdtindhedgel| 86 dwol alixf:tiie: calgifie tdxendidl pteviad i srohbIE ibr
= . rill bj iS Wi leeve.needle 230

e L o
can v ddetipia deuive S I nti v igui isanitl . ThksspdbrUishapgdisbunts 126
frolin kechsblinia A2 fardmnis ?ﬂﬁﬂeﬁdihr@i?ghf?ﬁiﬂ?@d%e@d?.IZ%anaﬂy, .

SlgToytg nlargi e dri ole of the calcified endplate 105 an
e
26Yefthsorstdie dftktoomessimanitinle Bpbepsd simoth 186 intedidepenertve disc
10dinked shunts 126, 373 can be coated with radiopaque, echogenic, MR1

her coating for.im nhancement. Figure 22 shows
O e SO e o R o el AR end
ox¥priisfigignay Hepetietsrivdtbsi surinsinasithoefiioyprentr & igdos 2 Pohiogsleep,
fluliepioyropakRidhedinkad AR WIRdmS a”d 3R RdRaWINEBE AR g1 26,
375}‘%5(?9%5]8{1:{ L ggt?o%}’?f)cwgrexd é%%o]fggng))/ %]f%ﬂre]t&r&%,cég lijllggi(l))ri]ngfpt&? of the

water-absorbing sulfated glycosaminoglycans within the disc 100, and/or 4) low

St adnerat

pressure within the disc 100.

As a result, nutrients are drawn into the disc 100 through the semi-permeable shunt
126, 373 to biosynthesize the water retaining sulfated glycosaminoglycans and increase
the swelling pressure within the disc 100. Restoration of swelling pressure in the
nucleus pulposus 128 reinstates the tensile stresses within the collagen fibers of the
annulus, thus reducing the inner bulging and shear stresses between annular layers.

Similar to a re-inflated tire, disc 100 bulging is reduced and nerve impingement is
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vertebral body 159 and re-establishing the exchange of nutrients, oxygen
and waste. Recurrent back pain is common among post-surgical
atients. The pain often comes from progressive disc degeneration

W§&}’é’é’é’%%"f‘& the surgical levels. During surgeries for 1Oanterr(§}T§B§’ﬁ%ﬂ7/ 003194

fusion or disc replacement, degeneration of the adjacent disc 100 can be

minimized or halted by implanting disc shunts 126, 373 through the

endplate 105. Figure 24 shows an anterior approach using a drilling

..pracedure similar to th eg}rcle approach. The linked shunts 126, 373 are
i R o R SRR o heeral b Ace e o
mipifaERFirasucatAgt arlay PiGihed bisisomeptalsalnenchsa oengoiagpinal
steh&giB. open surgery, implantation of disc shunts 126, 373 through the

dplate 105 of thraugh the annulus js straight forward, low risk and cost
R RO T LT oAb B Y Tot LRGBSt pafRpound essental for

drijingi e stmgzintheshsosiatiovacpenssingictingphedsohesirisie of tiideater
SRRAReRSsRIPEdMNIENING. Y - e0sRlath A UR R L8 TIR Multiple
- Ve giscs 100. ZOTﬁe vertebrrifl1S bod;%% 159 and egﬁ?dplatemfjoé%f

d t 2
anggeORIc conditions, metsaliomn OF s RSRSE BIRTIE PO RES BRI AT and
twedarctie acigpedtochiginttyth dimmiaechthraweh tRéheertalypprninandhs ahtdugh the

U-SoalPiRART etk Lt 18 SaRYeNeRde sibisdleniRsredy

over the trocar 103, advanced into the endplate 105 sc 100.
glyrgra melprle BpRraielyrEss- shap agid miRte avsbelsymontmrntgashan under
acmbishonditiods go mna i2Mne100sbgpadslivaini?2dlienatsibackesglivered

C Avith eedle 101. Figure 25 shows.a ..

DA LD OE S 00 L RS BRI v 00

greafy rseensthe Theshispraipa of sher Bewrihiss the Jism shumtrh 266 3 Hris lisebetd
rewstitlei arid @ dwnfaon? B0 beeneeeieitid (RsGROY0D id 'fé@\ﬂﬁ?e?ﬁ:r@@ﬂr?ﬂﬁv@ftebral

i interyvertebral disc 100. After, disc..100, puncturing, the ..
e S

disgehyrd it e patishsrusunrolpons 828 svilt B Wiy $200 7/008dothe shunt
120/ithiwbeidisnclifion SROWFNIT GRAE AINURCHRIRRIAIINIASEMnd
P B S A8 sh s e

ribPAHmIcarbRnt s s dumi isarhanasizeotgssivan varhonhis. patessizadifaionate,
mdgﬂeﬁlﬁrﬂ-&}bonate, calcium carbonate, barium carbonate, potassium phosphate,
sodium phosphate or other buffering agent can be loaded in or coated on the shunt 126,
373 to neutralize lactic acid and spontaneously alleviate pain caused by acid irritation.

Similarly, magnesium oxide, magnesium hydroxide, sodium hydroxide, potassium
hydroxide, barium hydroxide, cesium hydroxide, strontium hydroxide, calcium
hydroxide, lithium hydroxide, rubidium hydroxide, neutral amines or other alkaline agent
can be loaded in or coated on the shunt 126, 373 to neutralize lactic acid and
spontaneously alleviate pain caused by acid irritation.

In addition, an initial supply of nutrients, such as sulfate, glucose, glucuronic acid,
galactose, galactosamine, glucosamine, hydroxylysine, hydroxylproline, serine,

threonine, chondroitin sulfate, keratan sulfate, hyaluronate, magnesium trisilicate,

magnesium mesotrisilicate, magnesium oxide, Magnosil, Pentimin, Trisomin, orthosilicic
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5 The body 364 is thickened beyond the bevels 363 to strengthen the
stem 363. Figure 29 shows a U-shaped shunt 126 supported by a flexible
stem 360 housed within the lumen 269 of an elastically curved needle 101
Wk 0#¢7through a calcified layer 108 and cartilaginous ePfdplE$eoq0%23194
The disc shunt 126 is deployed across the calcified endplate 105 from the
vertebral body 159 into the disc 100 by withdrawing the needle 101 while
10 holding the stem 360 stationary. Multiple U-shaped shunts 126 can
be delivered from the lumen 269 of the needle 101 and supported by a

acid, magnesaHTisHicHs P AR NGPrNHNSu R mTRE TR icAt oilaaelates,
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sh ntghl%egﬁunts 126 can also be housed both inside and outside of the

| men 269 of the needle 101 to press-fit multiple U-shaped shunts 126

idkydroftgirenspeeisthirote sbunited disertfl) carcbp fodibapisa iy a
sw@ﬁﬂﬁ@%ﬁf'%ﬁﬂﬁ%ﬂ@lﬁﬁﬁr@ S RN ARGAYRGR QQHC% seal the gap
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Thetayrallabb: G¥@ing €49 bapitlvetadtongiRoly atesdbdetbpoigytbitite gy,

po(ﬁ.)ﬂéﬂmwgv&yibgféhﬁé&@ﬁ! rﬂQt%?ﬂ?y"g sulfated glycosaminoglycans
vg, in the. disc 100, and/or (4) low_ 2 Eressure within the disc 100. Asa

LoRe R piERIOR 2vSF Bt B R iR S bags e musRats and
wastribtt $26n 313 dohiddymit ésiddytbravhiben e Gaining s infabé@r can be coated or

inEISANAROIMCARS 09 78CH3SS heswelipgRiess ? HEGyithip fggug G ponse.

100. Restoration of swelling pressure in the nucleus p ulposus

ExPéﬂ%?ﬁt‘é%‘ﬁﬁ‘é“f@ﬁéi‘?@?ﬁ%%‘b\ﬁﬁ%"tﬁ?d&ﬂ?&’@‘é‘ﬁ%ﬁ@@%ﬂ%%@’aﬁnulus
aﬁmﬂ&rﬂuw@ﬁm@ﬂm&ﬂﬁbi@ﬁ@u&ﬂﬁcﬁhﬁﬁﬁﬁ&f@ﬁﬁ?&r@@iﬂm Wlﬁ?lene glycol,
cy@é/ﬂéspﬁié‘iﬁ 1G], 2!)% figted gr%egééﬁxiggg%% red dnisa o%gd ﬁ.t&grexate

impingement is 08994 /P Frinmized™

ningggodn FrsERRt q’éﬁ\@&%w&é@ﬂ%ﬁi&Fﬂﬁsﬁﬁ%ﬁwﬁra@erméemoe,
provintines Spiditaplendiansreaipldling E)ReIGHNABI89 KRBL2SRithe

VEISGS e S, Furthermore adenosine trlphosphate ATP, is the
SR B S

e U-shaped shunts 126, 373 can be loaded or coated with a calcium channel

blocker to minimize calcification, mineralization or blockade of the shunts 126, 373. The
calcium channel blocker can also disperse from the shunt 126, 373 to prevent formation
of or even open calcified layers of the cartilaginous endplate 105, to enhance diffusion of
nutrients and waste between the disc 100 and bodily circulation. The calcium channel
blocker can be one of the dihydropyridines, phenylalkylamines, benzothiazepines or
others. The calcium channel blocker for loading into the shunt 126, 373 can be
Amlodipine, Felodipine, Isradipine, Lacidipine, Lercanidipine, Nicardipine, Nifedipine,
Nimodipine, Nisoldipine, Verapamil, Diltiazem or other calcium channel blocker.

The U-shaped shunts 126, 373 can be loaded or coated with a chelating agent to

minimize calcification, mineralization or blockade of the shunts 126, 373. The chelating
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5driving or energizing biochemical reactions, including the biosynthesis of
the water retaining proteoglycans for sustaining compressive loads on the

disc 100. Under anaerobic conditions, metabolism of each glucose 03194
WA f)roduces only two ATP and two lactic acids, whic GRS YR

adjacent nerves. When oxygen permeates through the U-shaped shunt
126 and/or link shunt 373, thirty-six ATP are produced from each
10glucose molecule through glycolysis, citric acid cycle and electron

agarxﬁm%shﬁgge@&awebgﬁm%@%%%XF ffﬁn]igo §5 e“efa“f%:“ﬁed

and alleviate back pain.  In daily activities, such as w

laysss,gfe sredlagacptmipiu ¢S tootresaydifoten of nqrmem%eesioma@fe
bethediotendifir doealissoallynii At 63 Bnbkalyitesg\wuse anrbimiien

th 100 to | ithip yertebral
o S L e 0 e g peinie
acigs despriiaiosidedtinsrrentior kmqmwmm Rupheis! uhes Wisfipsirox,

dm%ﬂ&@ﬂlYNWﬁWE@Hﬂﬁ}H&ﬁ@%@&@énMMn@ IR Dafel BRHIL
the Iactlc centrat n will degrease, and pH within the disc 100 will
Hormal ze?[' 1amme1{) \viFit:g 63%\&%“? fﬁqutlgwnggmmmhanolamme

re uce or al

dl@mwhatea@ommmué@rbemm ddbonraieDpgitassiim dithio

ca@ﬁﬁi&@r@fﬂmaﬁ)ﬂ?@ﬁﬁﬁsmﬁ@maéﬁrt&ﬁt%nrﬁ@tmeﬂﬁkeamyﬂlargxmne In

car ate, potas phosphate, sodium phosphate or other buffering
R R R IR GHBL S SR T8 PRGOS SRl

gfa@d ants gonin e cishestigyiafediain aausessivyascicbisriyidions pr&imibarty,
mmwasﬁmmcqm%mw%m@xﬂmﬁ&e&ﬁ%@%ﬁ@% cg)coxé%%m

10 ydroxide, barium hydroxide, cesium hydroxide, strontium hydr
alcium 25hydroxide, lithium hydroxide, rubidium hydroxide, neutral
afftind3-sitaptideshaiial 35 B3 e hbe fadeds: AnpoeeanIeBAUBY nm.
T&?@_ eutral ic ac ands onta ously all V|ate ain caused
a?:é%%ggggé#sq %gltlor?' %(i?n |n|t|a LUy yg 0 n%/ e(;al {EMt Ok YRHQus pore sizes
to émwr@a@aw g%ﬁ@ﬁ?@@@ﬁjﬂ@éma@almém ¢heyhhoosalAn &3 can

rahReifFonl ¥ oI A KD R NG, 3878, BRRreRung: SHNHoHRs{aleo nm, so

ke tan s fate aluronate, magnesium trisilicate, magne
égé'trlsﬁlcé)t'e' é Lﬁ’ﬁ‘&%ﬁrg L YREERteR M T gﬁgo}ﬁﬁw IgG, IgM,

cytpkivessligiother i mmators triggering an immune reaction.

In addition, the U-shaped shunts 126, 373 may bave sections containing different pore
sizes to create regions of size exclusion or permeabilities along the shunts 126, 373, The
pore sizes of the shunts 126, 373 may decrease toward the section near the nucleus
pulposus 128 to minimize immune responses to the micleus pulposus 128 without
excluding large nutrients from coming into or metabolites from going out of the middle
portion of the annulus. Hence, the shunts 126, 373 can have permeable regions ranging
from 200000, 100000, 70000, 50000, 30000, 10000, 5000, 3000, 1000, 700, 400 to 200
gram per mole of solutes.

Healthy intervertebral discs 100 are avascular and immuno-isolated. To ensure
avascular and immuno-isolated conditions, the shunts 126, 373 can be incorporated,
coated or partially coated with an anti-angiogenic compound. Examples of anti-

angiogenic compounds include, but are not limited to, Marimastat from British Biotech [a
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WO 2007/089947PCT/US2007/003194 acid, magnesium trisilicate
pentahydrate, Serpentine, sodium metasilicate, silanolates, silanol group,
sialic acid, silicic acid, boron, boric acid, minerals and/or other amino
WY E3H be used to coat or load the shunts 126, 373 as ad&iFe34ly/003194
enhance or initiate the production of sulfated glycosaminoglycans and
collagen within the degenerative disc 5100. Growth factor, antibiotic,
analgesic may also be helpful to load into or coat on the shunts 126, 373.
drostatjc pressure within the shunted disc 100 can be further preserved
syRH IR S e RSB s ah VMR Iy Lrri366 SROHEever (o
synthejGirdibitoe alf thengagrioetihy ehGBRISHnom1260@ 63 enshamhietiL ISP
inHASEHGER AL R BrOGd ARRE LR %»:#%W?Qﬁ@%?}[%&?&?%&g}ﬁ
an be polyethylene glycal, crosslinked polyethylene glycol, polyurethane,
Collgrspspidavatietic h%a@rfaigbﬁqri%{@Wmﬁﬁ&%ﬁr%@nw@aﬁ&m
AeBBanSniméachiie exahahgeaimiagRmNsrendiviasty Brigesnibe giss B8Qiol-

ily.Ci j uno. inhibi co incorporated into
o e v nabieals. o
syniBeticanplesusraffwmasiiliniinbibithendathelial sl gsewiedhelidomide from
Celgﬁiﬁcl(mmtkwml thi,l lﬂﬂ@l )f;SQJﬂHHﬁ&EH' 'ﬁhﬁnﬂzﬁéﬁ_gﬂwﬂﬁﬁ%ﬁﬁﬁﬁ%@@aﬂact
0SS e e en Col, C opnhospna e, C I , .
o e S B el SiPtmist SHEST L isagtati
A-pAcitaRe frpotfavigtanc(giguetiopretizicplonie ip radhifsortigpeodarieiizines!is),
Enag@&m mmge;pmmwﬁétﬁ & %&H@HR‘&M&?B@@?ﬁBiﬁ?E @@H&_ﬁ?ﬁlial cells),
ess ruygs or.otner | une suppressant coatings. e .
A R 1 e B MRt LB 80 4es fndothelial
grashdrhelds| GERSI] NS e foat Siogeinyl ntkekalicitiorapr drsigatiag)f $166668
ﬁ'oﬁh Sﬂé%ﬂ- &ﬁo@l?s?’VEaﬁ? ,C%@H,naﬂ Eﬂﬁ%@é&%‘é&e& gﬂﬁﬁg}? lglﬁg %§%ﬁ%?@§eﬁom

N shunt ﬁs 373 to prevent formation of or even open Calcified layers of t
YR HIRSDE SRTAAEr 08" SRR NER LRSI TR AR bRk
VES@peeduthioulishidtandahoidiifidiibitiat of bREGE calg VBGh prawldaesker
t j [ igli , lamin enzothiazepines
A R A G O At T
endethabal Aftlcuiie) et dRarelst At elcsalpive, mdieaniatsiimkin-12 from
Gehlbiciasdipitiny d{lopipigelaNin oftinteei-pis gtifieandarpnay iVREIHZ6M Of tran,
e G T T RS

loaded or coated with a in
Carboxyamido-triazole, Anti-neoplastic urinary protein, Isotretionin, Interferon-alpha,

Tamoxifen, Tecogalan combrestatin, Squalamine, Cyclophosphamide, Angiostatin,
Platelet factor-4, Anginex, Eponemycin, Epoxomicin, Epoxy-B-aminoketone,
Antiangiogenic antithrombin ITI, Canstatin, Cartilage-derived inhibitor, CD59
complement fragment, Fibronectin fragment, Gro-beta, Heparinases, heparin
hexasaccharide fragment, Human chorinonic gonadotropin, Interferon (alpha, beta or
gamma), Interferon inducible protein (IP-10), Interleukin-12 (IL-12), Kringle 5
(plasminogen fragment), Tissue inhibitors of metalloproteinases, 2- Methoxyestradiol
(Panzem), Placental ribonuclease inhibitor, Plasminogen activator inhibitor, Prolactin
16kD fragment, Retinoids, Tetrahydrocortisol-S, Thrombospondin-1, Transforming
growth factor beta, Vasculostatin, and Vasostatin {calreticulin fragment).

18



10

15

20

25

30

minimize calcification, mineralization or blockade of the shunts 126, 373.
The chelating WO 20071089947PCT1US2007/003194 agent can also

Wdizs(ﬁ)er(%eqfr%)m the shunt 126, 373 to extract calcium ion, operé(i;(%% ca(}!)c%if[;esol94
?ayer7 §PtHe cartilaginous endplate 105 to enhance diffusioh AT

and waste between the disc 100 and bodily circulation. The chelating
agent can be ethylene diamine tetra acetate, diethylene triamine penta
acetate, meso-2,3-dimercapto succinic 5acid, desferoxamine,

2.3-dimercaptoz1-propane, sulfonate, D-penjcillamj e,figkt;:'farasiro
di mvé’}cgﬁ?gﬁgl\cffﬂl-(gl éd%%%%ifm%%yﬁ%’ly%?n{ée, ‘r‘ﬁ%‘é&ﬁ oftna oate the U-shaped

shigri136-atshindnatieetydan (Piosnmpaibid@oty tiervisecties Bydoacid
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Flleth%l dlthl(l)l.carban]ate N-bﬁ?zyl-D- Iucamlﬂ% dithio car 1%mate, alpha

PO G, TSN R et AR R AP S P aSnR ygarbonate,
silkOegpstraralr e estipgssibbhelatinptay e Aok ghesstamidsd 26, BpBtasfithe shunt

1260818 R RO AR Y QU ARING HOHRALHIQLATQUR, Sodium or

potassium carboxylate is preferred to minimize acidic irritation during
SIS GrER ke T frEhitrEderan of SRdpiawingsnathtal. dus seret
lingiterhts ¢2608yiBeathayy dedividopareeHizioser acxgite IS8l spiatq defltose

trid ke, UraliaRAd RAHNIL AShrade W&J&%@Y&@;ﬁ@,@e&ghw@w&ﬁfg%g&,

various pore sizes to limit permeability. The pore sizes of the perme

hyglursea Sy alurSprisiaeersens pelyAcalgR { R besaiate solwmide gm,
polfhenylohigite, JOBinmty5i psrephthits, J419-timetil Moty @Dlaﬂfl}‘ﬁl"o&y-
| cvtokines other
B T A AR it e o L N e i S 8 G
polyirthesndatg rofrae il mebasiae aolmirry rrrxile dRlwailoxwge,
potyehte! lIGHQ0E PSISIAGAS R ePSIRORRIEIGE Al ong HiEeaiuNts 126,
SE3: TReRORR AR e SO FE0 2 R NAY G SRR L MR BR oy within
section nem- the hucleus pulposus 5 ?0 minimize immune responses to

weples ucnonshp Piosa sherbupiAS6: S5t Hasirrdearyehinmentissirom eoferieggen
adVf @bl MR alitRId K MO Oe Gteiiba Misdie ik Mtion QfdhaABUAHSt

dge ﬁhe sh nts 126, 373 can have perme t%lle r it?n [ gi from

o800 850015 760b6E6: SoUb: 2886, S0BE" 2bb, Lo/ be
installethto puoyidnrprtimols teaohsnsor benefits. The biodegradable shunt 126, 373
can be made with polylactate, polyglycolic, poly-lactide-co-glycolide, polycaprolactone,
trimethylene carbonate, silk, catgut, collagen, poly-p-dioxanone or combinations of these
materials. Other degradable polymers, such as polydioxanone, polyanhydride,
trimethylene carbonate, poly-beta-hydroxybutyrate, polyhydroxyvalerate, poly-gama-
ethyl-glutamate, poly-DTH-iminocarbonate, poly-bisphenol-A-iminocarbonate, poly-
ortho-ester, polycyanoacrylate or polyphosphazene can also be used.

The shunt 126, 373 can be a suture with a proven safety record. The shunt 126, 373
can be formed by molding, extruding, braiding, weaving, coiling, spiraling or machining.
The shunt 126, 373 can also be called or classified as a conduit, wick, tube, braided
suture, braided filaments, thread or sponge. The disc 100 installed with the shunt 126,
373 can be called the shunted disc 100,
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Healthy intervertebral discs 100 are avascular and immuno-isolated. To
ensure avascular and immuno-isolated conditions, the shunts 126, 373
can be incorporated, 30coated or partially coated with an anti-angiogenic
WQAMHEIA. Examples of anti- angiogenic compounds includéTHi24d Mo+
limited to, Marimastat from British Biotech [a W()
2007/089947PCT/US2007/003194 synthetic inhibitor of matrix
metalloproteinases (MMPSs)), Bay 12-9566 from Bayer (a synthetic
inhibitor ?f tumor growth), AG3340 from Agouron (a synthetic MMP
infBRET T SR525 A PRGNS A At AID shm BRI tiEhs
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[ in ro ovartis (blocks receptqr

12 L 8 e R 0 e B PSS S Lot 100 of
a hyrreniaasiavep it iioudtibitigarofhHEGC mandev Epenpro dinstibsy) 180//RdEefibn, the

dof Btk e IS aR AleRUt R G HIBISRNRARSAREL 0 Quttures,
w%otheﬁllal cell surface), CAl fram NOT (inhibitor of calcium influx),
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meginell Br 1k cting 6 immely tran 2 20uAvastisc Geletne beldduielix, idtgaptimges,

seﬂﬁ?ﬁ%@b;a&@s,mgﬁg%&ﬁ%é? Qveqwéagg” ﬁﬁ&QP&%ﬁW ink}H%Qi loyment

Anti-neoplastic urinary protein, Isotrétionin, Interferon-alpha, Tamoxifen,
Prepartd AR Aosisrheptitiot naiiine BcRiidptiakatacaniounts. ©
falatelepfaliferatipA bgfoexcdipaiemiycirD&poxeflieln also be encapsulated within
idRBOY A INRRHS ! ADe ARG O LG A AR STURA e (e RBTBNE sitable

. Cartilage-derived inhibitor, CD59 25complement fra%ment, Ibronectin
biglegifirb rendiinp e rbpeRirisRsd 8 sahe i it Haraa i e AR, 373.

Humzent h@dﬂp patl gmmﬁpﬂamrxhrﬂedﬁe&m c(gmha&lchﬁiﬁ ﬁﬁ\gﬂseea&)mcessﬁﬂ in
prdVIGHE RSP SRERS MR Al SRY s o o dadi G s are
. (plasminogen fragment), Tls_sug inhibitors of mgtaﬂ_oprotema es, ) ' ]
IMIRELRA PR BRI b I BRAtiSpaTiepiacRe Al Meiserdangsintarhsidbrer dhwisistcheein
to &nibtiinaindhibitasrMatipadin the pancreas by producing insulin to regulate blood
sugar. However, to keep the donor cells alive, the diabetic patient requires a lifetime
supply of anti-rejection medication, such as cyclosporin A. In addition to the cost of anti-
rejection medication, the long-term side effects of these immuno-suppressive drugs
include cancer. The benefit of cell transplant may not out weigh the potential side

effects.

20



10

15

20

25

30

3016kla fragment, Retinoids, Tetrahydrocortisol-S, Thrombospondin-I,

Transforming growth factor beta, Vasculostatin, and Vasostatin

éaalretlculln fragment). WO 2007/089947PCT/US2007/003194 A wide
HYEBPH3n-degradable materials can be used to fabricatePfhE US28AEpEY4

shunt 126 and link shunt 373. Biocompatible polymers, such as Nylon,

polytetrafluoroethylene, polypropylene, polyethylene, polyamide,

polyester, polyurethane, silicon, poly-ether-ether-ketone, acetal resin,

pelysulfone onate, 5silk, cotton, or linen are possible candidates.
he/)rgfggsegan %%%[‘E”é“éﬁ&rt%?‘fﬁ%egﬂfﬁhlié&“%*ﬁ% I3 rebedind aga semi-

pefmeﬂ*dﬁmmhgtﬂ givepsylatediweatentic Ranbottis. sibath2Ged ddcano
mdﬁﬁﬂiﬂﬁﬂﬁﬁjﬁfymﬁlﬁy&mﬂ'@%{@lﬁlw%&%&lkmmggrg%{t : %?ﬁe%atxent
ale, C

In aﬁ ({u[lose cellulo cetate, cellulose sulfate, cellulose tria
0 ARSTER RO B AR ot G s Lo Rl roush the U-
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feﬁ@eta S(Ea’ther %%%%i%%%%gﬁvég pur oéatla %Vab%(fgé?a%a‘b%“ﬁﬁ@nﬁcf%@’ small
‘“tésfsﬂ?n5&‘%HSWMEQWW%B@L@bﬁﬁﬁ@ﬁ@@lmﬁeegheegmﬂmez@tmands
or aegméﬁwmmmnmrmwMﬁQmmg &dﬁﬁﬁg&tﬂaw&@cm&g&&h pine
g I tive-de e n SNOWS

Sle@?llé%?%é}a&%grrﬁ%?ﬁee rrgsogrgrﬁf ci)ar:{(%%gradﬁ a%‘%p FTQ@%% j‘ H%ﬁa pd3 to the

dopaighilyy tB‘HFB%l&’é‘%&@HH&J‘é’*ﬁl@aﬁPﬁ@mséP@éﬁéhts thehdidsid@6gsddghleroducts
btc&iyuﬁltei%d :ﬁatﬁeeafgaam ?dﬁemﬁ?t&?agﬂaéeshﬁﬂlﬂxcﬂsgnm tthe velzzl'(tebral

cQqll 0 aproliacton ne carponate, si

ol TR s e sate
an

ﬂ%ﬂ%ﬁ@%@?ﬁé@%ﬁ@%@umnone polyanhydride,
tmnemytem &aﬁpﬁﬂmwwQ@a&ﬂm&@w%&%@&l&ﬁ@&@?&‘é@dﬁr@é&be

adPe tqma DT -iminocarbonate,

|ép eno OHoR B ona ele) osﬁ%ré’ﬂ?r(?ré%ﬁﬁe‘ifoﬁ}t%}ﬁmm
W%{gﬁﬁhbﬁﬁﬁ Wepetidinatie doegnechirigheasinetit PEpGIQ cazmtmm,

caloifieits, \GHbIR AR &%ﬁ%ﬁﬁl&ﬂceﬁ@le@ﬁoﬁiﬁﬁﬂﬁ 1:8&1@%&%&%*}& gntﬁgne
Cogxgog 9% adrudllr}% taldlng eaan fg{gﬁr&.}splra ing or mac |n|n T

AURt 136, 375 can AISoBe hgukephalin, %@Rﬁlﬁjﬁf‘é"l
efsﬁbmemsmlﬁ@axmmiatargéntmmeeaamrmmmew&ﬂﬁ@éf@%ﬂ,%ﬂl&%on,
gldﬂggbm@o‘imﬁ ’Eolmg@otropin-releasing hormone, growth hormone-releasing hormone,

human chorionic gonadotrophin, human growth hormone, insulin, insulin-like growth

factor, leptin, lipotropin, luteinizing hormone, melanocyte-stimulating hormone,
melatonin, mineralocorticoids, neuropeptide Y, neurotransmitter, noradrenaline,
oestrogens, oxytocin, parathyroid hormone, peptide, pregnenolone, progesterone,
prolactin, pro-opiomelanocortin, PY'Y-336, renin, secretin, somatostatin, testosterone,
thrombopoietin, thyroid-stimulating hormone, thyrotropin-releasing hormone, thyroxine,

triitodothyronine, trophic hormone, serotonin, vasopressin, or other therapeutic products.
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30373 can be called the shunted disc 100. WO
2007/089947PCDTS2007/003194 The needle 101, trocar 103, sleeve
needle 230 and stem 360 can be made with stainless steel, titanium,
WORIE(0ETIUmM or other alloy. The needle 101, trocar 103, siE&vESA¥E@RS194
2.30, stem 360 or shunt 126, 373 can be coated with lubricant, analgesic,
antibiotic, radiopaque, echogenic or MRI visible agent. 5Disc cells can be
drawn from another disc 100 within the patient to inject with a syringe into

the shunted disc 100 to expedite disc regeneration. Gene therapy can
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sensitive to sterilization can be loaded aseBtlc lly. The metho

defisite hshayinidreifeh el dnireerslats $Be done in multiple
sRlesssepaiafecinytdaissynbdeksedibnthe dsmvesljeaithilniia sbintell disc 100

e sythe.bj oIo I CORdit inc :
}ﬁtro ytl%%p\l'@r@g’@ n% nutﬁin]tgsll to%avor ce B?(gPFlg’nfﬁgngb% r&égsﬁke within
theheRtsd, drsrid0denacstly Bish incupelibemaderiviintreberzrsd dhpfionor
cella o @rcaRedadoviibin dedemundl 26 tSoapd lﬁe{ﬁa%ﬁgxﬁétﬁbéiﬂﬂﬁ,bdﬁe flow

ologic ons,have bee attained or achle ed by the U
Q{}I aé %;?H 5?3 TeVEISes arrlgggléﬂu Tient fanr%s? enin t?xeadO?ciIlOO to

unt recent ye ransp avers [6)
noyEH @maﬂ@bé@mgual@&gf&wwbm ﬁr@mmgm mmss Eoan example,

prédasapleofsiaiutalisiliow iadereiPaRIRAR & QikIe6tedunlR: A4PRE hours when

1dlabetlctgrastlep 3: ggggl vein adln to the liver. The islets begin, 2510
ERGRETSAES IRR oTiRal do i gr}%’}% B’&?&u%’l??gpﬁ‘?gﬂffﬁ {phigh, insulin
wﬂé@g@mqﬂ%ﬁuough the shunt 126 373 into cu'culatmn to draw sugars into cell
membranes for energy production. At night, the insulin released from the shunted disc
100 will be minimal to prevent hypoglycemia. .In éssence, products biosynthesized by
the donor cells will be released concurrent with physical activity to meet the demands of
the body.

Some biosynthesized products from the donor cells are appropriately deposited
through the vertebral body 159, then into bodily circulation. Other products may be more
effectively transported through the outer annulus and diffused through the abdomen into
bodily circulation. Some other products may be far more effective by entering into the
muscles connected to the U-shaped disc shunt 126, 373.

Ttistobe understood that the present invention is by no means limited to the
particular constructions disclosed herein and/or shown in the drawings, but also includes
any other modification, changes or equivalents within the scope of the claims. Many

features have been listed with particular configurations, curvatures, options, and
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sugar. However, to keep the donor cells alive, the diabetic patient requires

a lifetime supply of anti-rejection medication, such as cyclosporin A. In

addition to the cost of anti- rejection medication, the long-term side effects
W&%ﬁoe’/éoé‘%%huno-suppressive drugs include cancer. The behEf{\GRAR{003194

transplant may not out weigh the potential side 30effects. WO

2007/089947PCT/US2007/003194 The shunted disc 100 with the

semi-permeable shunt 126, 373 can be used as a semipermeable capsule

: ulgte therapeutic danor cells. The shunted disc 1 aintains _ .

o ATy e S anot el AR Bl P moince
wiihgen efiheoetirierekadinesta an ekeg eandssd duuices tthergsneltemiiteare

cosipdeshihvaugmbbaikshaped shunts 126, 373. Hence, the need for

immunQ- essive medication |s avoided, A variety of donor cells can

o A 3 R e A AR L7, POTESTS SAFRLA, Oiocherticals
drijgsmrshiuis enbodimsns] shathrialn ctnalamticns dadlsatigtanslpaiasiah sites are
noftRESHAy (As IS wiRIPIHe RATAIRNFAIhPRNGEEAS DRRIRS QR cRIbeal

cOgland .adrenal codtex, liver, renal cortex, kidneé,ﬁthalamus, parathyroid

PATHStig0s e thosh R AT et oS hRIPedifiadHthaped, diss shupt 426, 373
capditssupstigatbe madyy seds Udatngineetiegresit o description ghanttster taken to
LriRSHE ScdpoPanopcels: %%&?oﬁpm@%ﬂ&p%@mﬁm{él i %i%t%h%f- g‘

supine sleeping position” nutrients and oxygen are supp throug
detgimipabRY Beappardsdoriaintills. During waking hours while the pressure
within the disc 100 is high, products biosynthesized by these cells are
expelled through the shunt 126, 373 into the vertebral 15bodies 159 or
outer annulus, then into the veins, bodily circulation and target sites, when
and where the demands are high during waking hours. The product
biosynthesized by the donor cells within the shunted disc 100 can be
adrenaline, adrenoconicotropic hormone, aldosterone, androgens,
angiotensinogen (angiotensin | and 1), antidiuretic hormone,
atrial-natriuretic peptide, calcitonin, 20calciferol, cholecalciferol, calcitriol,
cholecystoldnin, corticotropin,releasing hormone, conisol,
dehydroepiandrosterone, doparnine, endorphin, enkephalin,
ergocalciferol, erythropoietin, follicle stimulating hormone,
y-aminobutyrate, gastrin, ghrelin, glucagon, glucocorticoids,
gonadotropin-releasing hormone, growth hormone-releasing hormone,
human chorionic gonadotrophin, human growth hormone, insulin,
insulin-like growth 25factor, leptin, lipotropin, luteinizing hormone,
melanocyte-stimulating hormone, melatonin, mineralocorticoids,
neuropeptide Y, neurotransmitter, noradrenaline, oestrogens, oxytocin,
parathyroid hormone, peptide, pregnenolone, progesterone, prolactin,
pro-opiomelanocortin, PYY-336, renin, secretin, somatostatin,
testosterone, thrombopoietin, thyroid-stimulating hormone,
thyrotropin-releasing hormone, thyroxine, 30 triiodothyronine, trophic
hormone, serotonin, vasopressin, or other therapeutic products.
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WO 2007/089947PCUUS2007/003194 The products (hormones,

peptides, neurotransmitter, enzymes, catalysis or substrates) generated

within the shunted disc 100 may be able to regulate body functions

including blood pressure, energy, neuro-activity, metabolism, activation MCSLLP
CLAWASsuppression of gland activities. Some hormones and enzymes

govern, influence or control eating, habits and 5utilization of fat or
1. IR IS REAE RGO P B e MRl B SRR oss or

gaam sdorefasdyiochicmg Yesirapehsonfiterstisnch as dopamine,

adimnanee BRRAVRA AL SEFHANDY SRR AR IaRE d eor,

cells within the shunted disc 100 can treat depression, Parkinson's
diseaseSHhiHilY NSRS, ARARSIEIIES tRrBaioh At ER asishigl stisc and

problemg;pogtediarataiyatselstedidisease. 10Release of the products
biosynthesized by the donor cells within the shunted disc 100 is

synchronized with body activity. During activities of daily living, the
2. dhssdgricovhtpiielsMine@indiseriodppivgsapthiy hadiexpéste Prodatad
shieryhesizeiy iR danascelssiie shedalisntosnesttbR semandsal is
| 2 %b o% In the Ltﬁh? §osmon the flow within the shunt 126, 373
OCRVRILE dﬁr ci’nﬁ fiEARS 4% oxygen into the disc 100 to 15nourish the
cells. Using islets of Langerhans from the donor's pancreas as an
example, production of insulin will be induced in the shunted disc 100
3. d%%r&sﬂl@@airwahﬁurdwsmgéum @Btﬁf*@mpéaﬁudigfaﬂ&@dlrétmiﬂq or
ours.w isC ressure is insulin wi pe thro
o e PR D SR P 08 G R AR eR ALy
shgnergismaeiostibe. bdmmtughtomedmbmﬁmelehwd fhstal thedsbunteereliset2€ast
a phPRW Bk RgiiNimALTA RYeNSRIdNGOMMAsINIAH essence, products

biosynthesized by the donor cells will be released concurrent with physical
activity to meet the demands of the body. Some biosynthesized
products from the donor cells are appropriately deposited through the
4. Jédeetadcbodigla®o | terhetcdodilyicirashtiorsaBther ple dridsshit@ytbading
froMQEREdiSElivaly AW%@%%WW@F@IR%W% Ao LYEHRECf said

through the abdomen into bod% circulation. Some other products may be
elongatesy SURE IS TG LHILIM§atS the muscles connected to the U-shaped

disc shunt 126, 373. It is to be understood that the present invention is
by no means limited to the particular constructions disclosed herein and/or

5. 3"?@%%3@‘é'faﬁm'ﬁgﬁjrh‘rgraﬂéﬁmMﬁlHQ%&&r@@%ﬁ@%me%ld

or equiv Ients within th oft claims. Many features

h
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neqie REODZ /08D A RCTIEIS20Bx/003194

6. The device of claim 1, further comprising a stem located at least partially within
said tubular passage, the device preferably further comprising two prongs extending
from a distal tip of said stem.

7. The device of claim 6, wherein said stem and prongs have an insertion position
and a deployment position, wherein in said insertion position, said stem and prongs
are located within the tubular passage, and wherein in said deployment position said

prongs and at least a portion of said stem extend distally from said tubular passage.
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embodiments. Any one or more of the features described may be added
to or combined with any of the other embodiments or other standard
devices to create alternate combinations and embodiments. It should be
clear to one skilled in the art that the current chemicals, biochemicals, ~MCSLLP
drugs, methods, embodiments, materials, constructions, cells, tissues or
incision sites are not the only uses for which the invention may be used.

8 DiffefBHERREMADS; LIRS BB AR BrHLIg RETey T8 9age

saidnedifeedeld-shaped disc shunt 126, 373 can be substituted and used.
Nothing in the preceding description should be taken to limit the scope of
the present invention. The full scope of the invention is to be 10

termined by the appended claims. MCSI.LP CLAIMS 1. A device for

0. FBRHRAITES SR e BBTARAE Bie R LSRG 4 o RtEd e

steghigritantadJ-shaped configuration, and a needle having a tubular passage
extending in from a distal end thereof, said distal end sized and configured
to enter the intervertebral disc and deploy said elongated shunt. 2. The
device of claim 1, wherein prior to deployment, a portion of said elongated

10 S e itk TGRS A 4 RHRE 61 e U

shagledgated ishatedipltogiatett dutsids skiddribd b gegsayshuBt. The device of
claim 1, wherein at least a portion of said distal end is blunt or rounded
and, preferably, wherein prior to deployment, a portion of said elongated
shunt rests agajnst the blunt or rounded ion of said distal end; or

1 R LT h BT S 2 SRR L e BB et

porfihe aesackfioftataingdield heragme phisivigoa shieieisaiditsediaddadidhsiited

shitRNAag-E% said AisidGnsh Ay iRisEly wherein priorto
deployment, a portion of said elongated shunt is located within said slit. 5.
The device of claim 1, further comprising a protrusion extending from said
elongated shunt; or wherein said needle has a round cross section, or

12 wheealavicgdbhdeiiiehad areiorsaglialdgets! sbetdis férdeadevicaefal

haGiRiE folbGhersHRUNEN BIRY SostRTRIOALeS alla Rl a s AR SRt

tubular passage, the device preferably further comprising two prongs
Sh@&@H&fﬁbe%f?m%ﬂi’ba&%%p&@rﬁ!zei?af%’ H&ﬁc‘é%?b?éiﬂf%ﬂbﬁ@‘@in
saigaitbstatadasituptdnfishadevith sestcticrhposigidiffarshispdepkizanent

position, wherein in said insertion position, said stem and prongs are

located within the tubular passage, and wherein in said deployment

1Spggqs:}i'%ion said Pgn s and at least a portion of shaid stem extend distally
fr ngi&%ﬁ@u ?'géésﬁ’QSFeMé’s“EL ngated shunt further comprising a“buffer

coating, preferably wherein said buffer coating is chosen from the group consisting of
sodium carbonate, sodium bicarbonate, potassium carbonate, potassium
bicarbonate, magnesium carbonate, calcium carbonate, barium carbonate,

potassium phosphate and sodium phosphate.

14. The device of claim 1, wherein said elongated shunt further comprising an
alkaline coating, preferably wherein said alkaline coating is chosen from the group
consisting of magnesium oxide, magnesium hydroxide, sodium hydroxide, potassium
hydroxide, barium hydroxide, cesium hydroxide, strontium hydroxide, calcium

hydroxide, lithium hydroxide, rubidium hydroxide and neutral amines.
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8. The device of claim 6, wherein prior to deployment, said stem and

prongs engage said elongated shunt. 9. The device of claim 6, wherein

said stem has a flat ribbon shape or wherein the stem is flexible. 10. The MCSLLP

device of any of the preceding claims, further comprising a second
18.UlhR&fsire Rl Alase MEF@%&%%@H@W&BHQ 2N RAPEFIBA ERY.
addlﬂveTét%ﬁiﬁgllmeﬁﬁr@ﬁmﬂnQreNh%w ra@@tdxéefc@mdgjssmmd ghuntreapsed

thr U |o fsald f| st elon le U- ed shunt; or wherein said
cor e Cr S R R e s SR e
9Iugmmmfzhwf@%ﬁtf@dm@mwlm,r%h@réﬁﬂgaadféﬁmtys@eah@ﬁdmli@ faél

ker@ifsh RatdahhaviRe AR GIetioMaiandhr) FarvisisrmRiRsi-anekes,
wherein salg }ﬁ gatei unt |sf med of agl[H9 il’laJ havin 8caﬁ%gore size
A h N Lhm? v?HSF%'i'Pv LRP OO SARP YR RIS GRS SR
tristieettopsri@iwdptifEeepeniore, sixdism 13et@bibcddei cdavfoltidém dijlavbegeinp,
sia AL RInRER AR SHRS CORPHSINg AP b fRAUAGNB TSR R wth

wherein said buffer coating is chosen from the group consisting of sodium
factoq petRiiSRBN AR HREHBonate, potassium carbonate, potassium

bicarbonate, magnesium carbonate, calcium carbonate, barium

carbonate, potassium phosphate and sodium phosphate. 14. The device

16 O RIAHB o dI&S Qlﬂw Sxa‘@rf‘é%ﬂr%%ﬁ&’ éBH&é@H@%ﬁQWQ@'W@W@E\W

coating, preferably wherein said alkaline coating is chosen from the group

imragRg;LHteF ﬁ‘?&éjﬂ%sﬂﬁﬁﬁe&*?&éwﬁf%@w&%ﬂﬁ”ﬂwmlB@'%Bﬁﬁ?ﬁf'ﬂ%‘?&hﬂ%e”
froppatasgroop kythdstide, dd aritino mydire kK demaesitarin) yoegkiderisst ahtirambucil,

corf¥BLRAIL8s C@r'&é‘ém@’gjﬁ%@%w&%‘ Y ArQXie %%%ﬁé%@y r&é%%fm 6-

neutral amines. MC e device o 1, wherein's
megtgRipReinshmath R ierinndsimg hatexdisy eiEdannl§, pridermbipachierah
po:s;a{dy%ifﬁtwc@oqﬂaadmbﬁ@egsr&mdh@ PiodRrearmislipdabsile,
r%t 4 ngléjcuro ic aC|d égatactose galactosamine, glucosamine,

P %%lx ylysitie oxy prane Sérine, threonine, chondroitin sulfate,
keratan sulfate, hyaluronate magnesium trisilicate, magnesium
mesotrisilicate, magnesium oxide, Magnosil, Pentimin, Trisomin,

17 OrthesikviecasiEidmagnesiis ﬁr&ilwat@ngemahﬁ@mtmrﬁermmmg; rgpdisdiium

ndjgiaslicats. slanolates. slanl aroup. silicacid, sildic ASi, baron. hod
acl mlnerals andother amino aci I'OW OI’ an IOtIC an
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inhibitor coating is chosen from the group consisting of actinomycin-D,
'E@ﬁﬁ%pterm azathioprine, chlorambucil, corticosteroids, crosslinked
polyethylene glycol, cyclophosphamide, cyclosporin A, 6- mercaptopurine,
methylprednisolone, methotrexate, niridazole, oxisuran, paclitaxel,

18 PaIyEeiMlRREEYERH ProfRisMontd BISKIEEENSn ORARSZHMprising a
Chgrosta landin, rostag? g Slr0|lmu§% &s;.termds 1Z The dgr\’é%%r?f
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frochtnergioblo ckesicbaginf sfndterablgrahe teiresaidist ciliethyaerishblvekeenta
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isradipine, Lacidipine, Lercanidipine, Nicardipine, Nifedipine, Nimodipine,

PraQRIdH RNl ARG P REIBRAS T, SIS AR i 1, wherein
(cesbkelastpaitegysimgmtrfioriiiernicoritistzgha chedatstch agenbanatiegylene

iaMFHE ARk aeé%'%%%%%ﬁg&g S\%%n‘?%“@%%%ﬁ@%ﬁ%ﬂef "R 5@&95%%

COI’]SISIII’] O ethylene diamine tetra acetate ene triamine penta

SO%iééid%@th@Bi@,Qadhﬁ'é\%&p%‘%@b@fh%@‘é@?fﬁwém@ﬁﬁ@mate alpha lipoic

acid, IR esRl Y LitAreRR) erstio AR, LDappRied | asmibex aetrl apHiaX, amine
dlmer%atgrol N,N-bis (carboxymethyl) glycine, morpholine

oA ﬁw?oncarban?a(t)e tetra ammonium ethylene diamine diacetic acid
dithiocarbamate, ammonium diethanolamine dithiocarbamate, sodium
diethyl dithio carbamate, N-benzyl-D’-—@lucamine dithio carbamate, alpha
lipoic acid, tartaric acid, glutathione, methionine, L-arginine, carboxylated
group, amine group and thiol group.



