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{54) Title: METHODS, DEVICES, AND PREPARATIONS FOR INTERVERTEBRAL DISC FTREATMENT

(57) Abstraet: A therapeutic method for treating mammalian
intervertebral discs. A preparation of cross-linked collagen is
04 injected under pressure into the intra-discal space. The inter-
L vertebral distance in injected discs is immediately increased
FORCEUm?N'TOR by the treatment. At least some mechanical properties of the
treated vertebral column are preserved or partially restored.
The method may be used to relieve back pain in patients, to in-
crease patient height and to stabilized the spinal column. The
therapeutic method may result in at least a partial regeneration
of the nucleus pulposas, and/or development of cartilaginous
or fibrocartilaginous tissues or dense fibrous tissues.
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17 April 2006 WO 03/ 049669 PCT/|L02/ 00997 METHODS, DEVI CES,174Nmil 2006
PREPARATI ONS FOR | NTERVERTEBRAL DI SC TREATMENT FI ELD OF THE | NVENTI ON The
present invention relates generally to nmethods, devices, and 5
preparations for treating intervertebral disc pathol ogies, and nore
specificall WO 30066 251, AN NI EARTE
mamral i an i ntervertebral discs. BACKGROUND OF THE | NVENTI ON 10

| nt er ver EeBris] GBIGR Bigll.ab G BITPL 8. ASKi Crothv §/a @y, codtabdobier hivevidoet weedshdt thel- ri gi d
bodi es ofV-4Uf atANURE RICFCEHT 4L G4 AL ERY ednte &g e Codii agbbrivishom aakyering @t Grbesinf our t h
the |engUh ol tHe™EBr T %bral col um. TREEFVERFEEE 47 8¢ ar e conposed of

t wo nmpmishedanat om ¢ zones, a peripheral part, the annulus fibrosus and a
central pées inerpdheal prare! reasarp alepesiigied 15 The annul us fibrosus is conmposed of
| ami nat et TTBr 8¢ "¥Fssue wr apped around the gel ati nous nucl eus pul posus.
The parts of the vertebrae adjacent the inter- vertebral disc surfaces are
call ed end plates. The nucl eus pul posus of the Intervertebral discs are

- not vascul ari zed and therefore depend on diffusion of nutrients through
the endpl ates. 20 The annulus fibrosus is conposed of |am nae of fibrous
tissue, in which collagen fibers are arranged in-concentric |ayers or
sheets al so known as |anellae. The outer or peripheral |ayers of the
annul us include type | collagen. In conparison, the inner annular |ayers

| yi ng next to the nucl eus pul posus are referred to as the transitional
zone and include fibrocartilaginous material. The 25 coll agen bundles in
the | am nae of the annulus fibrosus pass obliquely between adjacent
vertebral bodies, and their inclination is reversed in alternate sheets.
The col |l agen fibers' varying angles accommodate to all the angles of force
that can be applied to the disc. The nucl eus pul posus includes a lattice
framewor k of coll agen enbedded in a highly hydrated gel ati nous mass
containing cartilage 17 April 2006 WO 03/049669

ion into




PCT/ 1 L02/ 00997 cel | s known as chondrocytes and ot her bi ochelm £ail2080ch as
nmucoprotei ns and proteoglycans. The nucl eus pul posus contains Type |1
-col lagen. Functionally, the intervertebral discs perfornms two inportant,

but ‘SOW nflicting roles. They maintain spinal ‘ﬁ% tability
whi |l e pr oé?@‘?ng the colum with necessary flexibi 15 y. W%ﬁout
~intervertebral discs, the human spine is unable to bend and its function

is greatly inpaired. Nunmerous nerves cross outside the spinal columm

t hrough qmg*rhws, DRAIOES) ANPEPREP ARATIONSFORENTERVERTESRALYDBTW t he

spinal cord. Therefore, "intervertebral discs have to keep the vertebral

- bodi es separated so as to hold Jr%ééﬂném-anen space open and provide
adequat e spinal colum stability. e intervertebral discs also function

as shock absorbers. The physical characteristics of the intervertebral
discs permt themto serve when the | oad on the
vertebral columm is suddenl@éli'ligﬂﬁgégﬁgagm%@em fluid nature of the
nucl eus pul posus all ows the discs . to chag%e Ehal%e ar&d 1(1% iger m ta one
vertebra to réBR PESRRY dnention ceriey BeEbt ! ethodsy, dey &Fof"dnd
ext ensi O.’brﬁiar%ﬁﬁs"i‘ﬁf fr@é’d’r@' infeRler@Bral 4RE Jabil iéé!%d?ﬁok"@ediﬁ@ﬂ@ th0

io

conpr ess orces I's substantial. Neverthel ess, the discs are vul nerable
‘to suddemprapesatians andiumplapts insludiigncolisgeni and srpss-linked eollagen @dal col um-

may. 1 coumenas L Tafiopef BRGRIH A mAle IBRRREREKSLIREICS, 10l

the intervertebral discs' resilience is gradually lost wth advanci ng age.-
In old age the discs are thin and | ess elastic. The changes accounting to

thinning and elasticity_| j as well as in the
" nucleus. Wth advanci ng%&?ﬁ'ﬁ@ﬁ@b@dﬁembﬁ t he annul us fibrosus 25
degenerate, the annul us shows coarsened and hyalinized fi bﬁ_lrs .aad fissuring
of  dbe | amel Inderverighrat Aisca e sedi-elastpidisosy e Ba dgvrahEen (g eus
pul posus r | e : us pul posus
ogﬁa\(,é\j @ﬁﬁ@ﬁcer{tr\reggbfblﬁé L@%&Qﬁeq}@f Si’;cﬁ‘?&rn?% o ohdiRUAHCIE

di m ni shes ging a ogel may be gradually replaced by
fi br ocar tigdgilyef thehestebrahgelumal at ed changes may result in various forms of

intervertebral dis 3 at hol ogi es. | erni at ed di scs.. or, all of the
soft gel ati noﬂge‘i’fﬁ’fcf%l?"?gld?s(%nﬁrﬁ ?WBOS‘?C{:@?JM’& énﬁorpﬁpﬁ‘%ﬁ'ﬂ%pq%ég?’o%ced t hr ough
- a weakenegligheral BN € RMlusHbrédie dnfi AiehiralPate the nucleus pulposus.

15  The annulus fibrosus is composed of laminated fibrous tissue wrapped around

the gelatinous nucleus pulposus. The parts of the vertebrae adjacent the inter-

vertebral disc surfaces are called end plates. The nucleus pulposus of the

Intervertebral discs are not vascularized and therefore depend on diffusion of
nutrients through the endplates.

20 The annulus fibrosus is composed of laminae of fibrous tissue, in which

| collagen fibers are arranged in concentric layers or sheets also known as

lamellae. The outer or peripheral layers of the annulus include type | collagen.

In comparison, the inner annular layers lying next to the nucleus pulposus are

referred to as the fransitional zone and include fibrocartilaginous material. The

25  collagen bundles in the laminae of the annulus fibrosus pass obliquely between

| adjacent vertebral bodies, and their inclination is reversed in alternate sheets.

" The collagen fibers’ varying angles accommodate to all the angles of force that

“can be applied to the disc. The nucleus pulposus includes a lattice framework of

- collagen embedded in a highly hydrated geiatinous massrcontaining cartilage




WD 03/ 049669 PCT/ | L02/ 00997 annul us fibrosus, which may resiiApriiZ¥0er alia,
I n back pain and nerve root irritation (radiculopathy) due to the
-resulting nerve root or spinal cord conpression. The discs nost conmonly

af f ect eqyé s/dblcs" vertebral disc disease (IVD) or 5 dg,csl?mgﬁ(gog;@tion (disc
0

rupture) are those in spinal regions where a nobile par the col um
joins a relatively immobile part, that is, the cervico-thoracic junction

and the |4dRASASEELhdrHISE}ENand Behet BlRnahichResudh$RaREEhProtbRE Wt ebr al  di sc
itself as a palin generator  was not w dely recognized until 1990's and many

sur geons psetphalyéars. (The nushaus pulpesus contatnsdves 4l @iagthponent as the mgj or
factor to be S i r h th

i ntervertebr alﬁggﬁg}iﬁ% §¥ epaﬁleq\éegﬁéebrr%t g%%gggéﬁgﬁfg/y%%aﬁhﬁﬁga% d@#t accept ance
(Spi ne 2@offEhvE69%ontiREhy Sesne ZReyl ANBintRS Bpirtd 96)lumandtabiity vddlepl e

advocate renpval, of disc with or w. houyi i ation a erve,, root
conpr bo< AMILS dh gl auliicceasanysexbibe, Wil pRat e oS heoo ) 15
Maj or f o sifd Blur@bleaBiahd @ha Gis inrk@ioh & Greainipiiregy include, inter
alia, annular lanmellar ruptures, disc herniation, ruptured posterior

| ongi t udi nal Numgissnnervesneioss qutdidedhe spinal raghsen dhEIRe@RENNGS) | and
degener at,j ' r - QiSC m.d n ' of the

i nt ervertbeebr'“?;{%H Hﬁé;%%ﬂ;&;@ﬁ%ﬁk gﬁésfﬁg%tﬁa%qvgh%g%ﬁ%ig%gé?E}?lér%ﬁ)g?’ S

char act ernntehietiebfal dizas hand-16 &aep dss veitelireldbadiexdseparated sovesito holkdesear ch on

human ti ssue has, however, shown that this is.not the . di sruption
of TR niibs JomRNo PG aReN SNdeueydR ededialn SpuHL cal i BB , 188, f e
process, Bhehebfal PURREbIsd eAMbASIEdabY shega! bsdb@duUCFHe CYihgkitales. In

di sc degeneration, there is a disruption of the nucleus pul posus, including

25 changeharasterissicprafpthet indervastebral sises operprbiitaty| ioc spYeaRd 8MKagens, a
reductio ' f t ' erneati ve
a1 Rsbbe BB IRE Lo off 1R EREHEP ol e U A TR e T e ot on
of the calehddien Mattrerof the nagleus pulpbsusaailouisibe tisbs ds obangershapatand danmage to
the disc end plate, .and, K ingrowh of blood vessels and .nerves into the
nucl é¥s ﬁ?ﬂ"ﬂggﬁg‘? Vﬁﬁ%ﬁﬁa&ﬂrm%b%@l‘i?rrde?ftb W@'fds‘?'bﬁﬁ‘?tﬁar'@fs 'Fﬁlgx'BPcﬂnggy of
connect i gtddskHuESthel vereBRIMERIP AtheeresiAte f tis aistOnSs comptdagiohunct i on of
| ocal cells are central to these events. (Tony J. Freenont, Christi ne

LeMai t r e, fomsieess sistantisl. and Judith A, Hoyl and Hi st ol ogi cal
Nevertheless, the discs are vuinerable to sudden shocks, trauma or

strain, particularly if the vertebral column is flexed or if the discs are undergoing
20  degenerative changes, which may result in loosing of disc height and disc
herniation. Unfortunately, the intervertebral discs’ resifience is gradually lost
with advancing age. In old age the discs are thin and less elastic. The changes
accounting to thinning and elasticity loss occur in the annulus as well as in the
nucleus. With advancing age the collagen fibers of the annulus fibrosus
25  degenerate, the annulus shows coarsened and hyalinized fibers and fissuring of
the lamellae, and the annulus capability fo contain the nucleus pulposus
decreases. [n parallel, the water content of the nucleus pulposus diminishes
with aging and the hydrogel may be gradually replaced by fibrocartilage. These
age related changes may result in various forms of interveriebral disc
30  pathologies. _ |
' In hemiated discs, part or all of the soft gelatinous material comprising

“the nucleus pulposus is forced through a weakened or ruptured part of the

2




3 17 April 2006 WD 03/ 049669 PCT/|L02/ 00997 sections of noriehpd?§06
degenerate intervertebral discs (1VDs) Expert Reviews in Molecular

Medi ci ne, 29 March 2001) The conposition of collagenous tissues changes
~naturall n individual's age. (Erdal CO-KUN, T. r ER, GU gun
OKTAY, 2%?/%‘}69“? TOKGOZ, Mehmet H. KOSEQ(j LU COLLAGE et CoveAn

| NTERVERTEBRAL DI SC PROTRUSI ONS AND FREE FRAGVENTS Journal of Neurol ogical
Sci ences [ S 0 e in the
nunber ofaﬁl'_ﬁl rocSl‘{ ésgmtﬁgt ty;g%ﬁﬁeﬁer\/%ha dl% g%cek% g%ﬁoﬁﬁﬁméeg%btascrl bed to
apopt osi srn(afbub(a'adlchloﬁathahddumrtbeWe Eeslilfing 1rmeme root Ak Spyiad @Ifdagl ng and
degeneratlon of . the human |ntervertebral di sc. Conparison of surgical

speci menSCMPIFSIR8r nal control s”, Spine 23, 751- 757,1998). In articul ar
cartilage of ppé u&e&%oﬁﬂ@om\mwoaﬁm infinichiestebeal dissafiskse (WD)h)rsorre

simlarities to disc _degeneration, chondrocgte a%ﬁpt 0Si S t]as be
assoc? at é’dﬁcvhqr'ﬂiatlm(q'%fc'&lptlﬁ?baﬁ?ctf‘P%”b?fp"ﬂﬁ'tr ¢ieny ajmobjle pﬁ‘Btt known i f

Lhe same tmd poRfAGems aOFe@étgélgr hdoie pafif e & Ihd bakvRBMhehackasiACy L es TN

degenerate i's altere of oundl'y " conpared with chondrocytes from age
and sex- raatl¢helinborsacsdlgundlionmal  di scal chondrocytes are characterised by

the-ex ression, of .t col | M K. et
S T Rentit i dug rolf Shihe isEeke AR TR PBSOR pY B kBT RS M L B
i nterver tr@bwm‘elyd‘eaﬁgmzedluntmasﬁs 286 mahy-sufyebf Bjnphasize degaeree admton t here
is a net increase in matrix-degradi ng enz cti Y, nat

i nhi B9 t 0lCeMBFEsSEh cCarPPLERtyas i cHalo JGEtO%/JOtﬁ C{\%%g/%’—ﬁ ﬁYsSt’:' tr| X
(Kanenmot Qe Mot N%%erthél QH@'!&E%H@%&FEISO%@QY beth JBRkFdter is slowl

met al | opr otel nase- | ssue I n tor of netall o&iotel nase- K human
i nt er ver tganing wdesasceptﬁmertépl@&%% -36% 1996 98pine ROt HIG888nE990r mal  adul t

| VD | d d
| VDs. ( vadanany petije AIVECERE ookl GRuf i B WRbidRARaforPaiy heder 272
inter Vertr@&ro%hpﬂésé@omwﬁho@hedlm 14’f4he45n gred1i, Spimeel o834 7838 1993 pod vessel s

in the extruded tissue.", Spine 1761- 1765 1993%3 ﬁh ven e 30 of
i nveéﬁl gdqiem foras Bfaé’ﬂltef"l%te @éﬂ‘s‘brdﬁaé?l%np%thoﬁ%l AR Mg ur ogeni ¢

annular lamellar ruptures, disc herniation, ruptured posterior iongltudmal

ligament, annulus fibrosus (extruded disc material), and degeneration of the
intervertebral disc.
The term degeneration of the interveriebral discimay imply an inevitable
20 progression that is characteristic of wear-and-tear-associated conditions.
Modern research on human ftissue 'has, however, shown that this is not the
‘case. The disruption of the micro-anatomy that is described as degeneration is
én active process, which is probably regulated by locally produced cytokines.. In
disc degeneration, there is a disruption of the nucleus pulposus, including
25 changes in the proportion and types of proteoglycans and collagens, a reduction
in the number of chondrocytes, and the formation of permeative 'slit-like’ spaces
within the nucleus pulposus. Often, there is disruption of the collagen fiber
| afrays in the annulus fibrosus, traumatic damage to the disc end plate, and
" ingrowth of blood vessels and nerves into the nucleus pulposus. From our
30  curent understanding of the biology of connective fissues, it seems probable
that alterations in the function of local cells are central to these events. (Tony J.
 Freemont, Christine LeMaitre, Alex Watkins and Judith A. Hoyland Histological




nmol ecul es within degenerate |VDs. Expression of the potent Enpdgdadc
factor vascul ar endothelial growth factor (VEG-) (Tolonen, J. et al.,
"Platelet-derived 17 April 2006 WO 03/049669 PCT/1L02/00997 growth factor
and vasGphaoshgot helial growt h fact or expr ession in ni ation
tissue: an 1 munohi stochem cal study.", Eur Spine J. p%ﬁﬁ“g"é&g%’ 1997).
Lunmbar spi ne deconpression is a commonly perforned procedure that is 5

| ndi cat e%eafksnsktﬁrﬁ&gﬁé%dw&de%%t@mt&%.@ébraméésemo@%m@mé\@éwé mmbar spi ne

deconpr essi on divided into open surgery and percutaneous surgical
t echni quééoie@qi%'ri\ﬂsdlﬁlg@r% Magem2@les i ncl ude | anina renoval and fusion

h
(PLOD) "and" e 306 r SRPGHler X PoBUBRolY UHieS sREfberr) pAudly OB S8 00,
Lgfﬁ: ;t égxtnhéuai’lssagslz.':J lﬂi?’déll CW&(t th\u’,':a T;J/merdSU_ZERpr@ulng}e QKTAY, {Zaynr(]a[o(r)\r/ ets h\ih o
may r%duJéﬂﬁéﬁg JP@??@I QPQ%B (P{)Eﬂxéhﬂgr(%ﬁfégﬁ-gl %'lslr{}ﬁ%{’\ﬁport I ons
thereof NRYERYEFSHHMRAL DEI§Q'F5R©1FRUS$GNS'M@I|J MEE@M@memspmaamhere
instability between spinal vertebrae is present. 2EI nal fusion or

i nt er bodyof Nextalogieal Epjertses (BukishnlSSNe1H12: 64 dés3 . 2800 hdvant ages of

interbody 1 x§LLORANELIIE BEeGlnf8IoYPlcrBhaldiiely Shat s g ¢ and

preservation or res oratlon IsC h nce of the disc
hei ght, idegengratibmhis theeacdsctbed & gmﬁtomar@@rubmr Hd’ﬁaandri—lamibyz élur of or anen

vol une. One oach to, stabilizing the verteprae rmed spinal fusion, is
to 39 iﬂéer?‘l‘ﬁg&s'ﬁn?fela%’@ya@q é:}qgeggral&[%pjn{h & P@aph@ %{geé’saﬂﬁ?ed by the
degenera@dﬁ%parfébﬁcof FRFgiSal a8t cinerd) WIS hBFMAIN chtFAIS, smﬁ@rmdymﬂum on
(PLIF), | acent vertebr al bodies are fused together by renoving the

af fected 7@751@9§hdn|ar§@Har erjtilage of pptients Whﬁ’a'ﬂa\ﬁomtéoﬁﬁmﬁ‘ﬁ/ pdlisasdeie to grow
bet ween t I, b t di sc
renoval . Z{F’ %@ﬁ? Simg'ﬁ o8 tP @g&ngﬁgéﬁed'?@ﬁ P HR)% 5 %‘%‘ﬁégrls %ﬁt%ﬁs of the
body, suchseciatelenith the laoal paddatidnioftniiric Immderrﬂl:armbis kndum & thalskows t he bone
to grow throu%h and a%d the inplant, fusing the vertebral bodies and
al | e¥? at iRTRFESAECRURAN of the negative aspects of spinal fusion is that

;?gr gxlt fanfogggsr&wuolégvdmenarbeytém datppdrate VB istalteldiEpeiumglnt segment s
compared with chondrocytes from age and sex-matched controls. Normal
discal chondrocytes are characterised by the expression of type |l collagen and
proteoglycans (Chelberg, M.K. et al. "ldentification of heterogeneous cell

20  populations in normal human intervertebral disc.", J. Anat. 186, 43-53,1999). In
degeneration, there is a net increase in matrix-degrading enzyme activity over
natural inhibitors of such activity, which leads to the loss of discal matrix
(Kanemoto, M. ét al. “"Immunohistochemical study of matrix metalioproteinase-3
and tissue inhibitor of metalloproteinase-1 human intervertebral discs", Spine

25 21, 1-8, 1996). | |

Although the normal adult VD is avascﬂlar and aneural, nerves and

blood vessels grow into diseased [VDs (Yasuma, T., Arai, K. and Yamatchi, Y.,
"The histology of lumbar intervertebral disc herniation - the significance of small

~ blood vessels in the extruded tissue.", Spine 18, 1761-1765, 1993). One avenue

30 of investigation has been the local production of angiogenic and neurogenic
molecules within degenerate 1VDs. Expression of the potent angiogenic factor

- vascular endothelial growth factor (VEGF) (Tolonen, J. et al., "Platelet-derived




30 the spinal colum bends. The result is that adjacent di ssAMi]3006
degenerate faster. 5 17 April 2006 WO 03/ 049669 PCT/1L02/ 00997 Artificia
di scs have al so been used. The artificial disc is designed to replace the
entire dy§6s Mol or W thout |eaving some of the annul ys,Msheartificia
disc designs require renoval of the endplates and fixation o? t he superi or
and inferior surfaces of the inplant to the vertebral bodies. The main

benefit QfovitRPkREM BN Gadefitt bhGotdkld yovithatactdreebressibs inodiequent |y

| ess dependent on the integrity of the “annulus and the stage of

degener ateonatiofotissist & I"W,nuﬁ@%/'ﬁﬁopbﬂﬁlcahisw- cairpePingsbd 6 3pé33| ents with
di sc degqggfﬁtion at any stage of progression. Because of the added cost

and high risk involved in inplanting such a device, however, in practice

its use can oftimbabspinedecdmprdssion is @ nopatonrpesforinet pnenedursethetis di sc 10

degenerati on. r flexibilit either t mat er i .al t I ic itself
or thé d&‘ﬁ‘barﬁe 3 t‘f"erﬁh'ﬂ;%d é‘f‘ﬁ%{"? PUAPEF et Ll‘rfeé{‘ir{}%tﬁg?smlf%zfg&%ﬁﬁ Sgﬁé direction
(pref er ale¥ompradtichi k¢ bedbivket i igSdperDsulgesy ahtigierdiantboubesngisal the
inmplant nmust maintain a firmfixation to the vertebrgﬁ, a. hard naterial
such as heshaiquesstORAN eirgrsy uiseninges (REUCS 30 IBMOWRIdaNthf BPIO8r sur faces
of ‘the d?é,/dh%ﬁweg.' Xiﬂérbﬁ‘f%flééus‘)ft{e%i%ﬂy ‘?N&&?}é)yLé%&? Blsc DeEOMPtdagionon of the
fol I ow ng nechani sns: anchoring through one or several egs or posts

i nsert ed (PhDD) tahd alecttosbrgiesl sp)neptigatimeal. iBasweflycsuigeryieanaoct rmpaided

surface; .3 rq [ f. bone i.ngrowt h by neans. of, a s rface; or 4)
f i'xa? on tk}é fjﬁcs’gghvxg\ﬂ?a?ir"oﬁﬂhﬁg '§i% M Hbc}'/‘&{?@'ﬁ'ofloﬁ&% Pgﬁﬁ?ﬁcﬁ d?)S{ézittfbe. Anot her
20 opt i ofyyide ihOtheRpYIEGUAER) Ble¥strb@nibis hengs whith mapedduet ipaindi sc nucl eus
(PDN), for ~ exanple, replaces the nucleus with two mini "pillows". US

patent 5, 108, S9mieal senyn@s of 3R oBteRERNORIndisFy 8 tROBIAS theleofwA¥h may be
T e, R ki, st [

regrowth o material . prosthetic ‘disc includes a
dry, 25 ppinausertebrbe s prasent. Spifal fisen opintetbody dxatian weyder wsaEs 8 i ber s

an obbr abVEh cpm orie ey o AR IRAUOE YRR R R AT BE oo o e
nost  con@yBfuhaBHAECHRBY ahd IprudeAratibANonepdstotition of the disc height.
Maintenance of the disc height, is important to achieve significant increase in
the neuroforamen volume.
_ One approach to stabilizing the vertebrae, termed spinal fusion, is to
20  insert an interbody graft or implant info the space vacated by the degenerative
disc. For example, in posterior lumbar interbody fusion (PLIF), iwo adjacent
vertebral bodies are fused together by removing the affected disc and inserting
an implant that would allow for bone fo grow between the two vertebral bodies to
bridge the gap left by the disc removal. A small amount of bone is grafted from
25 other portions of the body, such as the hip, and packed into the implants. This
allows the bone to grow through and around the implant, fusing the vertebral
bodies and alleviating the pain. |
| One of the negative aspects of spinal fusion is that there is no movement
" between the two fused vertebra. The adjacent segments are extra-loaded when
30  the spinal column bends. The result is that adjacent discs will degenerate

 faster.




which is performed on the | ower spine. Pressure on a nerve ¥odprliZ90¢he
| omer 30 spine, often called nerve root conpression, causes back and | eg
pain. In this operation the surgeon typically reaches the |unbar spine

t hr ough o §)/fbdge M dl i ne posterior incision. A portio lamna is
renoved to expose the 17 April 2006 WD 03/ 049669 Pﬂlﬁﬂg‘%@gg& conpr essed

nerve root(s). According to the pathology, the lamnectony is perforned on

one si de /Qfifidial ldddc8Talve YisofieRRII4EE. The REficRY gidc yde b r@fladdmbe sour ce of
conpression such as part of the herniated disc, a disc f;t%%%ﬁgt a tunor,
i

or a bonengrpudiscowither vothey leaying serse qf fhaanpaluspr Mash@ 5% may be
ded . | [ ' i - el ' |1
regarae c%ﬁlgﬂg ﬁ#tﬁjéﬂer}gﬁmovglrcﬁ;ﬁé'Sﬁcﬁplél@@aﬂg?a%(ﬁﬁeﬂﬁa?fft@%%g%@:ﬁftaﬁ%f%ry a sma

part of the I rect sur roundi sc i s renoved.
Ther e i s syrfavesgf theirdplankto thé aertétarai bnokesmihe snajinpenéfgrof replading thel i eved t hat

the | ess bane that is,repoved, the e stron | remai ni ng
str uc? ur eenﬁge_ diG 5 @ag@ﬁ ?Wﬁ&nfﬁ%ﬂe@ﬂﬂ?sﬁrd(%%a%@gﬂﬁ% ?}R‘%}#rﬁ%épﬁgl i eve

Synpt ons dnufus3did/ thed BRIgE bfS dégdhiegdtionn Cohessiaallyf, artfidisedistgntarcdapl i cati ons,
often worse than the original proble because of the resulting spinal

i nst abi | iuspd in patiente wihgissdageneraiien phany seg P! RERIPIRAN FECAURSE YTnserti on of
a space 1Rl AP RbSSHRER rsRndRsthiRBlanki BaPElIcRicBBRuRBRIdSC! 0ses a
post eri or approach 1am néct ony procedure for placing a prosthesis

wi t hi n t tpeactice rited ise ahn syftecebd dustified catlyj incpatients, with ebewesevere [disgi nopl asty

t he S@Ck f thet'srﬁi ne i s exposed but instead of the bony structures being
removed FEIEBHEU?H | ani nect omy and | ani notony, they are bei ng weakened and

bent out war ds FhPsexiGIRgNeifHbr e st nustlhe eRistiditegf opthe RBignanustf or t he
spinal cord. The problemis how to stabilize the Ia%qﬂﬁ i.n this new
posi ti on.hagevelpglic chemiedaics af deastdn ens dirgeHaRa (g Y 2atmitiPleone way of

stabilizig cﬁ%ﬂ.‘r@g}ﬁ@oth& fihnd, BEEaRe2AE fin bR hudirRiialtPa bl i@tion t he for m

of a rectang ate of bone and wedge 1t In position to try and hold
t he | am rta the v@Sebitas, mebardmoateriapeucts lmapvetallmust ioftegehretiaed JoretBect i ve but

Pecayse \dpkfol i i e R E B, B B8 Ao grgnas one
‘separ at e JedHmsinatibrt dreha ftidwig thbendnidrdim) anchoring through one or several
pegs or posts inserted into the vertebrae; 2) physical interfacing via a threaded
surface; 3) promotion of bone ingrowth by means of a porous surface; or 4}
fixation with screws through a side wing extending from the plate. Ancther
20 option is to replace solely the nucleus. The prosthetic disc nucleus (PDN), for
example, replaces the nucleus with fwo mini “pillows”.

US patent 5,108,438 discloses a prosthetic interveriebral disc which may
be implanted in the human skeleton, and which may act as a scaffold for
regrowth of intervertebral disc material. The prosthetic disc includes a dry,

25  porous, volume matrix of biocompatible and bioresorbable fibers which may be
interspersed with glyscosaminoglycan molecules

Laminectomy is an operation performed to relieve pressure on one or
more netrve roots. The most common laminectomy is [umbar laminectomy, |

" which is pérformed on the lower spine. Pressure on a nerve root in the lower
30 spine, often called nerve root compression, causes back and leg pain. In this
‘gperation the surgeon typically reaches the lumbar spine through a small

“midline posterior incision. A portion of the lamina is removed to expc')se the
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taking a bone graft. Another technique uses a surgical inpllahtpraaddee. |n
percut aneus | aser di sc deconpression (PLDD), a thin needle is inserted into
30 the herniated disc at a forty-five degree angle, using Novocain for

|l ocal apgsifesgha and X-ray guidance. An optical fibej.] i nserted
into the nee%?e and | aser beamis. sent through the ?‘F%@P%/&\g/%pori zing a
tiny portion of the disc 17 April 2006 WO 03/049669 PCT/I1L02/ 00997 nucl eus.

This cregbRprédsBal fdrdd rMagsiUMACKEIMG & &S phitheldig! Mhelarmincetomy &rom the
nerve root, thereby relieving pain. In this_area of needle plfa&:;errent t here
c

are no etfarmest poceng sidet orabilatarallye a Rirssyiss is wlievwed by re@sval ofclBeum, as

~exiting S i ' P | ynmbar di sc
cur gery BERKES Emilefdbn (8T Sybar bR Rorlelc e R 2 eroval

and no | durger, skamonemspusi on. Lasers were initially considered ideal for

spi ne_surgery, becayse l.asers .abl.ate or vaporize tissu ' t, which

al so acts to E3M "?"E%.lsdﬁ e IVasYe prgpr%q/r By nw:%eefeg\éﬁ?%t%’:gt i ssue. U.S
pat ent NeefirdBf5si8R Df MrhmeoRaty. ABNamiHoiemy ohly asamlltgetsimaatarhina 10
treating the tissue of a human body, such as herni ated | unbar  intervertebral

‘disc by direpthostrounging thai affectadsdise is pRrovedr  JHBER 12974 NGt €Vid§NCsr t unat el y,
| asers ar, AS| d WQ\?% | ' procedures.
Anot her é@ﬁ%@ﬁlﬁ%@%&%@ﬁerf&gsgﬁéﬁs t de&%?? |%3F?J¢ﬁ?ﬁh?ﬂl}gd%ﬁ%§%’he dept h of
ti ssue althatrions strGhgaad tstabils dine)seonaigiog stratiuge jsoi Wihde pedowtioditosehe 15 | aser

W thout contacting.thg tissue, he.or sh 0 not. [ | Ye. tactile
f eedback W?Pﬁ%HEfj’e%ﬂlo %féé%’f%yetW&’Ht%‘%r’"ﬁ@ﬁjycﬁﬁ?ﬁen'&agﬁ@iﬁ@é@%}?‘é% hy tissue,
bones, | isgpa@ilicht abphcitioa, Sfinvasrsef than thé rigiriahiprotiéms beguusei ofi ty of the
spinal disc, it is_essential to maintain a m ninum depth of E}igssue damage,
whi ch caritesuliingspinah istabiity. cbrarpinepiory asswell 2 tarpinalomyJeaY BiCe spi ne

surgery iaﬂ iﬁ%%ﬁg%%%:?%ﬁ%ﬁ@ey% thév@ﬁé g8l med for nucl eus pul posus

renoval Dy energy 3,961 _|scloses her ni at ed di sc
treat ment wit biSn paterat BER#3,368s pliswiosey appbsterior sappirdaghe famieefemys r equency

| ectrical t h r ' t ! di
i ot ¢ GroGaUELIer RACT T R BES ety 1B bR ShRE PEYER debdr e “on
spi nal 25%chRepe: The high frequency energy may be sufficient to ablate a

portion of the nucleus pul posus wthin the annul us. Thc? FJ[ ecl;rode t erm nal
i s advanced i Kt lgminoplasty the back of the spine is exposed but instead of the bony

structures being removed as done in laminectomy and laminotomy, they are

being weakened and bent outwards thus opening the canal and providing more
20  room for the spinal cord. The problem is how to stabilize the lamina in this new
position. |
_ Several techniques are used for lamina stabilization. One way of ]
stabilizing the lamina is to take a bone graft from the lMlium in the form of a
- rectangular plate of bone and wedge it in position to try and hold the lamina in
25  its new, more open shape. This is generally effective but because it is not a firm
arrangement, it can lead to some slippage and recurrent narrowing of the spinal
canal. It also involves making a separate wound in the area of the /ium and
taking a bone graft. Another technique uses a surgical implant device.
In percutaneus laser disc decompression (PLDD), a thin needle is inserted into
30 the hemiated disc at a forty-five degree angle, using Novocain for local
| ‘anesthesia and X-ray guidance. An optical fiber is then inserted into the needle
and laser beam is_sent through the fiber, vaporizing a tiny portion of the disc
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~of which

the annul us and sufficient high frequency voltage is applidd Aprilcd®6ract or
shrink the collagen fibers within the nucleus pul posus. This causes the
nucl eus pul posus to shrink and withdraw fromits inpingenent on the spinal
nerve. 3o 6s,50dEp! enentary procedure to Nucl eus pul posyspfi gyl is
regeneration of the intervertebral disc space using an inplant or an

I njectable material. Currently used injectable spacers are

al | ogr af twbRe8dThid créites la 204 WdcGumahiith &i@ws&hé&érrﬁkﬁﬁ)nchw oS
i nstruments and net hods for _positioning gl nal i npl ant thin an
@0

i nt ervertﬂe%rl@nvedmtct@ﬁ%wereb@t%wﬂ E'd]‘&c%ﬁ @?%@%P!?@emenﬁwa%ﬁ FRt No.
6,258, 123, fétﬂﬁ?@re@t td?@@aﬁ?éroﬁ@@batﬂé'\@tebféltcﬁfu\‘rﬁ{ Ta%@xﬁlhgﬂéﬁfe% usi ng an

|ntervertebra ograft space U. S patent . 40,926 discloses a
met hod f or Heghivesses. Pkﬁ@rw@ﬁ%bmfafrompem Ugnipey w%ﬁuwemb@m@ﬁ‘s conposed

Foam and 115, A1 RyteT AR bt BaFRunt ot o Forl M Eia s BHAS Rl (0 ™"

8U| IOOSUS nﬁcﬁel@ﬁfd_a@érsiﬁl?nmmaﬂy Mg':mm&?@&&a@fer@pmessurgerqeﬁecamsmladmes of spine
~ deconpression may create secondar erioration inside ound t he
di sc. Th@bfﬂﬁ% I%U§PB[#%B%S&'§ With Qﬁ@%dvf\meh AR 3FTR U ABWRNZG ﬁ@g 'a €of whi ch

are Psn%{]I Hfs‘fﬁfﬂét%%ﬁé“s and the vertebral plates. The mat eri al ,
e nuc eus pulposus is nmade, inhibits inflammtion and vascul ar

and neur aI pl'Jo‘EB |p‘8é$rdt Non5,860/833 dlh@losaswapwﬁtusmnIawnhtgat@ﬁnhuaﬂ eus

' PRE SRR I teee o Ade SN R DR AR, st Y, [ OV

be furth@F, .ﬁmmdwhwamﬁgmfmmngnpf the walls of the enpty chanber.
Addi tionally, Lack of mechanical stabili, zatl?fi)n due t @hrlp%u iof t he

vol ume of t heUnigsiugately lassesate bRt exeenaie 2 aqra%haﬁd@ "t he
annul us fthéEeO@Iagem@sexﬁjcsathe@a.kxdmtéq@wﬁﬁwséé?@r@ﬂ{e @ifﬁchﬁ%ﬁ'l'rﬁuﬁ@ln@' ssures in
t he annul us rosus

rrowm ng of the inter-vertebral space creat es non-
anat omi cdhe Ideatdsofdissuélab}aéom diince tifeapurgerogeneralinpointgyansvahivotralbey | ead to

oS g L L RO WA, SO el PR T
h feedback to ]udge how deeply the laser is cuiting. Because healthy tissue,
bones, ligaments and spinal nerves often lie within close proximity of the spinal
disc, it is essential to maintain a minimum depth of tissue damage, which cannot
always be ensured with a laser.

20 Electrosurgical spine surgery is an alternative to PLDD that is also aimed
for nucleus pulposus removal by enefgy. U.S patent No. 6,283,961 discloses -
hemiated disc treatment within a patient's spine by applying sufficient high
frequency electrical energy through one or more suitable electrodes to the disc
tissue to reduce the volume of the disc, thereby relieving pressure on a spinal

'. 25  nerve. The high frequency energy may be sufficient to ablate a portion of the
nucleus pulposus within the annulus. The electrode terminal is advanced into
the annulus and sufficient high frequency voltage is applied to contract or shrink

the collagen fibers within the nucleus pulposus. This causes the nucleus
* pulposus to shrink and withdraw from its impingement on the spinal nerve.

30 A complementary procedure to Nucleus pulposus removal is regeneration

of the intervertebral disc space using an implani or an injectable materi_al.
_Currently used injectable spacers are allograft-based.




reduci ng sugar for the manufacture of a nedicanent for resotr4pid 2868/ or
preserving at |east one nmechanical property of a vertebral colum or a part
thereof. In accordance with an enbodi nent, there is provided a nethod for
treating a mammal wi th degenerative disc disease. The nethod may i ncl ude

injecting inte stphRastNG7 6%283 b680ARcRRAEGSI %ﬁp#@n&s’:‘tﬁrﬁi rAb®edef forhe mamal
coO

a volune of an injectable flui d i ncludi ng agen cross-linked with a

r educi ng PegdaniNgTRe SRINGS ifplamMewitpiroAnd deferventedcdotlisanseass thetaaen
enbodi ment,; Qﬁg for treating a manmal with degenerative disc disease.
The net h%gjac%ﬁlwl&trt\c Gae pressure injecting into at | east one intervertebral

disc of the th8mglatentvoNure6@5812s nidéselaselse 4 | wiathodClfoldi rayatrithg agen
cross-linked with a reducing sugar to reach a selected pressure |evel
wi t hin t HEepesiebralisppge usingan ibervertebral adogriaf sie€6f-dance with an
enbodi nent, a t f NbhegaReugdeE 2 [JAj.ect i | i - gl ni ng
cross-1linked éjd I aﬁgggﬁnt?nit\]g' g’ rramr%efl ghs\éljdr?{é‘gr\c/éerp%‘btﬁ%(? gdlntsjc aithghﬁet hod may
i ncl ude - imgepertebalt spadd wisthg hpbd t Matarizise ooatpospdcef af biduegdadableisi ng an
injection pressure sufficient to elevate the intra-discal pressure to a
sel ect ed SYPHEHE IR SUchap DIPgCHyR GiRsS OF ROWBET PRThEdT BRI wi th an

enbodi Mmeftenaitebtdldislsatd)ig. preparation for injecting into an intervertebral
disc for inducing fibrocartilage formation in vivo. The preparation may
i ncl ude an i nfsdicigpee of Inuckgus @8US crRSedrby degenasativwrhanges er bys- | i nked

with ar 1.hg . There is further provided, in_accordance wth an
enbod e Aol ApRRIred H o sblng HEOTheRihe My ToBa e ReoiEAg
hydrodyna@ie_ﬁiodém indw%faﬁw_éﬂdmhditﬁe@lisd,eas't one inftervertebral d! sc. The
met hod may include injecting into at |east one disc of the patient a

vol une of an TApetciRdiserylpesys is siteduwithig aehamben the yals|afdehwre h a

r educi ng LS | i t Ner ! attached
to the disc. aﬁjh@rgeéd}gﬂﬁﬁ@ﬁtgpgﬁ?‘g\s}?ﬁ%re\%?telbggﬁ%rgdgﬂgerh%\m%{lﬁﬁa&rﬁ@{r@ﬁdi ment, a
met hod f the hocleaagiulsubdas meaddtinhibita ipfdmsatiohandngastulrcaratlyieamil ¢ di sc
dysfunct ip(r)(ﬂ,ifi n.at |east one intervertebral disc. The nethod may | ncl ude

pressure %r@fii)'ﬂgwiﬂﬁf‘otk@ﬂ.qr@é‘%qerp fﬂ%‘%‘@yaofldlqﬁl?é'sopu@ﬁspﬁj wetesdl e f1 ui d
o SRR SS R AL ME ArrE WaR nfnstoh anacl oot o
vascular and neural proliferation. This reaction may be further enhanced by

macro-movements of the walls of the empty chamber. _
Additionally, Lack of mechanical stabilization due to shrinking of the
volume of the nucleus pulposus may result in gross-movements of the
annulus fibrosus and eventually to the development of tears or fissures in the
annulus fibrosus. Narrowing of the inter-vertebral space creates non-
anatomical loads of the vertebral facet joints and may eventually lead to

osteo-arthritic changes in those joints.

SUMMARY OF THE INVENTION
The present invention provides a use of collagen cross-linked with a
reducing sugar for the manufacture of a medicament for resotring and/or
~ preserving at least one mechanical property of a vertebral column or a part
thereof. In accordance with an embodiment, ihere is provided a method for
treating a mammal with degenerative disc disease. The method may include

~injecting S into . at least




There is further provided, in accordance with an enbodi mentl7 Aprild90hod f or
relieving back pain resulting fromdegenerative disc disease in a patient.
The nethod may include injecting into at | east one intervertebral disc of
the patient a volunme of an injectable preparation including a bioconpatible

10 17 Aprdrie iRQGerereraiablof thehRinh@bl & Qolunse BRAR i Bétaﬁléﬂlﬂﬂ%lﬁ’cﬁh&’ee” the
two vertebrae attached to the disc(s). There is further provi ded,

accor dan¢@llagemcessdinkediwitng reducingshgar. f or at | east partially rest or| ng
or preserving at |east one nechanical property of at |east one
degenerative disc in a patient. The nethod may include injecting into at

| east one i nt dhees tisbfrthali provided,hin pRicbRRinca Wathuz® @mbaiimeni, egt abl e
preparation i ncI udi n? a bioconpatible biodurable nmaterial_to increase the
di st ance MBRTRELAT tkeling Akl ddthadegrnnsative dissedisgpaseatbite githodi sc.

There is fay t.ﬁea?@ ﬁ?&ﬁggg Ak Cﬂr&ga?grsa bheamté‘rgzgﬁgbréf%%c of thgBt hod for

treating a namm era ive sease may i ncl ude
pressur e manae |ang>lu1rrn'ecnfaetn Ingextablerfiiid itobudieg t;ebagaén dicss-lioket! lvdth aammal a

vol ume of i nj ect abl e par at,i n i nclu e to reach a selected
pressur e ?@% atﬁrf"’ﬁg %9&?%1? fl e?WIItB I¥vi ded, in accordance
with an enbodlmré rsafurmetrhﬁﬂ)\fded i Wrdlé%bﬂﬂ:la%e' GARL af_BAfHddFherEgNer at i on

of the nucl eus pul posus, or evelopnent of cartilaginous tissué or
fi br ocar thethgd %Uwrape@wllwnraema fiuicbeonisining sm -linked coliggereinde i ve

0o an: ARk TifE BeSkrEbia o o R o s FuethBibaatls £ 2 "
r educi ng ity gie. mE’e?hEFsm%é%&asﬂgEaﬁRﬁwoN@S preesiavemtitient its herein

descri bed, by way of exanple onl reference to the acconpanying

dr awi ngs €18 Qﬁh%'ﬁtrﬁrq{@%@rﬁ%‘éﬁ%ﬁ¥%aéﬁ@“@é@l’%&ﬁelﬁvﬁy li ke reference
h
pbghone meﬁ%b > fAtne a&?’éﬁd%e i géC%%gﬁC%qt"ﬂ@lhsqn gmscs O%bal Ad in

h|stolog|cal sec I ons nt er ver

EXPERI MEMjedtablengrestiraton cforrtmjebtm@ S6i®, anhmteroprebiatddigt Sos indeking scs
injected with ribose cross-1ink col l agen, in _accordance with an
embodi neﬂwrf{?@”ﬂ'ﬁ%e TRTTI598 181\ d hgrRIgBRRTIoN may include an injectable fuid

-containing particles of collagen cross-linked with a reducing sugar.

There is further provided, in accordance with an embodiment, a

method for increasing the height of a patient having a hydrodynamic disc

- dysfunction in at least one intervertebral disc. The method may include
injecting into at least one disc of the patient a volume of an injectable fluid
including collagen cross-linked with a reducing sugar to increase the distance
between the two vertebrae attached to the disc.

There is further provided, in accordance with an embodiment, a
method for increasing the height of a patient having. a hydrodynamic disc
dysfunction in at least one intervertebral disc. The method may include
pressure injecting into at least one disc a volume of an injectable fluid
‘including collagen cross-linked with a reducing sugar to reach a selected
_ intra-discal pressure level within the injected disc(s). '

There is further provided, in accordance with an embodiment, a
' method for relieving back pain resulting from degenerative disc disease in a
_patient. The method may include injecting into at least one intervertebral disc

~ of the patient a volume of an injectable preparation including a biocompatible
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invention; 11. 17 April 2006 WO 03/ 049669 PCT/|L02/ 00997 FilgsArlR96 are
phot om crographs illustrating the formation of cartilage tissue between
particles of cross-linked collagen injected into the superficial part of
rabbit ear cartilage; Fig. 3 is a schematic part cross-sectional diagram

i |1 ust r atgigdlirabRy Fh&Briab té‘slﬁérefagé tHe st heé abetivBbRCIHENGWET vértditae
cross-linked collagen and for nonitoring the force used for |nJect|on and

t he pressiiashad @ Hee dispesdt or out let and in the i nt ra di scal space,

accordance w he p | nv n; 4D are
phot ogr aphs i Wﬁ???r%f? @@%%EM@%&%OE} %cﬁ:?)ﬁtférb nﬁé)t%ﬁqneﬁg FNSTRON
devi ce useethod foerdt asastngartibley kumm@@mmééem@satr I%@Sﬂbﬁejrﬁetl'ﬁm”h@lﬂ' ng

extension and flexion, and taorsion experinents on gTspl nal col um
segment s preRery Gt dloleashiong degenerativendist s naa@nh henraethedt@Byal di scs

ted
[ e o i o FroSEoRErhed e auti ik BEAR ASDEE MGIRRTY |
i mges ofanpinjestable prepayatign natludiegt abbiaboeplatinie bﬂﬂurébiasmamrlalhgot he

i nt t ebr al or to after intra-djs nj e n of ribose
cross. || iCEoRL M ginendebdieshlidedudiiotine alashstentnopt [Bast gshods o

~the presgyc. i nvention; and Figs. 6A-6F are schematic graphs i I l ustrating

curves representing exanples of results of extension, flexion and torsion
experinents pdthese nlédfttﬂlnezmrowsigéctledacpﬂcgdemmamtftcanumtml;ments arom

control an | trea I n ntervertebral Cs
oy et ed WS ABh SEERAF oL tod b RL S Pt dsccfi o B, Fesifia
enbodi nemiaiindllide rprebage medtuhg iPtE R NMeabN¥AB! intdhve@SbrhR cﬂgc APrthé 2006 WO
03/ 049669 PCT/1L02/ 00997 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5
mammal a volume of an injectable preparation including collagen to reach a
‘selected pressure level within the disc(s).

There is further provided, in accordance with an embodiment, a
method for inducing at least a partial regeneration of the nucleus pulposus, or
development of cartilaginous tissue or fibrocartilaginous tissue or dense
fibrous tissues in a degenerative mammalian intervertebral disc. The method
may include injecting into the disc an injectable preparation including collagen

cross-linked with a reducing sugar.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, in which like components are
designated by like reference numerals, wherein: '

Figs. 1A-1G are photomicrographs representing histological sections
taken from pig intervertebral discs obtained in EXPERIMENT 1, including
control discs, sham-operated discs and discs injected with ribose cross-linked
rcollagen, in accordance with an embodiment of the methods of the present

invention;
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Not ati on Used Throughout The follow ng notation is used thridudpd@006hi s
docunment. Term Definition IVD Intervertebral disc disease PLLD Percutaneous
| aser di sc deconpression PDN Prosthetic disc nucleus PLIF posterior |unbar

i nterboqyy fMshgyn VEGE vascul ar endothelial growth leg&% 2idghd? Degenerative
di sc di sease The present invention discloses a procedure for treating

intervertebral discs having a nucl eus pul posus deficiency or other types or

di scopat hi es ggs. SRGENEFABNOtBMIdBY2PRY RiuBBatnd HROfoRRARiiGI) oP catiRgeat i bl e
crossed-linked collagen into the intervertebral disc or another suitable
i nj ect abliesyreiwean periglesiof ciapstinked aplladen iyectad intp the psericial PRE

bi o- dura r , the injected material or filler has water
ret ai ni ng)lfgaabggt?%??%ﬁmgg The cross-linked collagen may be introduced into

the di scal space which was occupied by the deficient nucleus pulposus. The
cross-|inked Eigl Bagen schernsiic pamerossrestonal| diagram| iustradingra aystery

‘mechani cal | y.st.abilize the.di . i 45. 1n addition,
t he int rb‘éﬁ%&f ' %~§l§s_cﬂ 'Hl?gﬁggé%f f'g(gscejen&ﬂ%fﬂ'ﬂlr?gﬁ@%%%{ﬁ%bggé)f@omﬁ?@bf ormati on
of fibroggs firb@geel ifseinjécisneand thei pressiee chahd énjettbabutiketyarzioimpihies e
fibrillar cragss-linked coll agen particles ,enb?dg«ﬁd within a cartilage-Iike
or  fi brdie-diped SP?‘%%['J%?C%@@W%&& apampediment poihe AheearE IYPRYUbi 1 i zati on of

bi onechani cal properties of the treated intervertebral to prevent discal

20 deteri orat figg, ﬁAW?a?@Sphoniq?aﬁ’rﬁé)%lilsiréﬁﬂgedaﬁdﬂs' a@eiyuRitions it fhen may be
i ntroduced an The enéptl ed ' nucl eus pul posus space or into the intra-discal

space of modiisgdNSTRON device used brpasipraingdhe siomachabical MeaBieME®he nucl us
ul us ] qur . i | i; fib

G 508 e el BREAERH dnd Mkiqr? SpARBIAIE b AR, h fif sl OIS, L0 vel'y

or addi t isegmkhty, frofecqtat etimals rand frem peinfate edngrinfecrentebtab dlistisscs havi ng

a damaged .or, fissured annul u i brosus. b Lutiliz . d

Crosarl' gt it dbre BRERANEe] alsdes. o Acapipto bk MoaonReReS

the methods of the present invention;

Figs. 5A-5D are X-ray images of parts of a pig spinal vertebral column
15 illustrating the intervertebral spacing prior to and after intra-discal injection of
ribose cross-linked collagen, in accordance with an embodiment of the methods

of the present inventi'on; and

Figs. 6A-6F are schematic graphs illustrating curves representing

examples of results of extension, flexion and forsion experiments performed on

20  dissected pig spinal column segments from control and experimentally treated
pigs having intervertebral discs injected with ribose cross-linked collagen, in

accordance with an embodiment of the methods of the present invention.

25
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PCT/ 1 L02/ 00997 Additionally, the injection procedure of thd7phrdeRpo

i nvention may be used together with or in conbination with other known

t herapeutic nmethods, including but not limted to, sealing of fissures or

cracks iWobhdge@pnul us fibrosus using |aser treatnent,of95fes; types of

heat treatnments, as is known in the art. 5 Perform ng the procedure on

non- her ni at ed degenerated di scs I n accordance with one preferred enbodi nent

of the present invepgpLEDIESCRIEAON O THECHIVENAON eparation is

injected into non-herni ated degenerated intervertebral discs. The

degenerated disc may be penetrated by a hollow needle or by another

sui tabl e hol | ow i nj ecti ng délﬁfai@ndlseﬁeTr%@lﬁghﬁ’éﬂn ng a 10 sufficiently small

dianeter to mpl ghiegidaRRERod & <A 1B0MAIR 1l Beatisy, The material within

t he nucl eus pu posus i ?1 an 1 nject e preparation

conpri sing bloconpatlble Cross- Ilnked collagen is injected into the washed

or partially vvasneperﬁpace Déﬁﬁlt unt—of—Tol agen based preparation which
i poutlolrly restore di sc shape,

is i nfect ed shoul gype Sttt

di sc 15 size, the &Ea ‘? 5‘% gi t her bi onechani cal

properties and f on 0 e{ s [E%aéarglisg e%‘?{’apffs Pﬁe spi nal vertebral

colum. The inject mat er LF% ace mai ntainer and as a pain

reducer. Wile thd FoceduP@Stﬁﬁ ]B@ ﬁ"e’P 'P‘?@p&g itsel f on painful discs,
Blure to disc suction or

it may also be apfi¥ld asvasabisndaalialopowh
i ntradi'sc 20 radi dDDBequenB?QWétNﬁaﬁhﬁ@ﬂ'@e@ﬁ%cedur es. The outer part of

annulus fibro t. be lnt t since r versing the
annul us fi br ojﬁg Wﬁ?/erﬁ 'PY‘?{WOP Sof pég(g%{glgé g% ﬁ%%ﬁd%ﬁ‘gé rﬁéiaé brrrr%t erial

whi ch. mayidee mmgmemloaéﬂsepulbmatsl EefRienpg 18| dker tvbe@ or tdiszopathiesvar t ebr al

di sc repair nmethod of the resent i nvention ri se renoval by

washi ng élggeagragy mrmtgqﬂqcm @ longr 3rbiRg bdﬁcoglﬂ?ﬁb’ércraﬁeddW?%@O"%Ht ents of
the nucl it el RASHRreo! 'soqn&g &Y ah@heP WA ot amEREkPfatPeevi ous! y

occupi ed nucl eus sus an 1 njectab Bre paration conprising
crosdol i r‘d(ce:nbrrqm]tlbbgend \prefhrabiy also b@tﬂiurabldl Praﬁera lynthednjealed raatedall | s. A

f bilit f T t 30
model 5 werJ1Bh i) WRIREQetaRRY eabanifiene e desi et B8BeCh SHREEE Lol posus
needl e- wagttddi@ed amd tﬁe&ﬁM@pé@eﬂWﬂ%ﬁ&Mas\/@cmpﬁﬁ by five e ficlemtunicius pul posus

14 17 April 2006
pulposus. The cross-linked collagen or the other injectable filler material may

mechanically stabilize the disc and the adjacent vertebrae.
15 In addition, the introduced cross-linked collagen may induce or promote
the formation of fibrocartilage-like tissue within the chamber that may comprise
fibrillar cross-linked collagen particles embedded within a cartilage-like or
fibrous-like tissue, which may contribute fo long term stabilization of
biomechanical properties of the ftreated intervertebral to prevent discal
20  deterioration processes.

The cross-linked collagen preparation may be intreduced an the emptied
nucleus pulposus space or info the intra-discal space of a “degenerative
intervertebral disc (without removing the nuclus pulposus). The procedure may
be applied on painful intact annuius fibrosus discs using injectable cross-linked

25 collagen preparations. Alternatively or additionally, the prociedure may be
| ‘performed on herniated discs having a damaged or fissured annulus fi_bro'sus'by

utilizing compressed dry cross-linked collagen preparation.

13




WO 03/ 049669 PCT/ | L02/ 00997 removal via an annul us stab as i7ARHAMGI n t he
art. These nodels are described in detail hereinafter in Experinents | and
3, respectively. EXPERI MEMI | Pigs (Sus domesticus) weighti ng 50- 60

ki I ogr anpo Wogssscenest heti zed. 5 General anesthesia isp (eﬁlk shed by a
veterinary using fluoten, and an inter- tracheael tube n anter| or
approach (specifically, a right retro pleural approach) to the thoracic

vertebrae, WondltRaly ¥l fletlich BRI of hrBSeith BN I 1Bl dhedand ¢ he TN

ribs. The ribs are's part” and t un Its wappings is noved
for obt altogetge!a:vm oemtcoaﬁpmaj@om:ﬂmthwé(nmfherapeumn@lthf&lé iINgEngt he 10

ol ume. 2R el Rbled Jo. S50 (LGB REL AP E'Eho ] WGRBNHAEs BAehaBeRbCTon [he

openi ng Iaégr@rebﬂﬁeﬁﬁ@f%etm:fee@faeatrtmtmentsamilslmwntiemetm ough the annul us
fibrosus of a |ntervertebral di sc sel e,c ed fromthe d| scs of vertebrae
T6, T¥ or T8) & g the & gaeperated dIsCS 15 The insertion

~ vas perfor”‘adtrﬂﬁcéd;%aﬁdegfth the r@ﬁerrea%n%o%ﬁmerﬁ & tb- ﬁémmnubm ector was

connected to t nee ther 18 gauge needle (186) wa I nserted
i nto the theiciossdinied p@ilaggn@reptal'@@aﬁw@ntsd:l %ﬂou@ﬁl‘mﬁéddﬁﬁm&!@’fedfl br osus of

t he di t al t d
dr ai i ng "ataebeb enTHe SeBARRIE YR anel ' pplErABE dEE WelpROC S 16°50
20 mlli |riet96re'5onbysémthéxesammenmoﬂm mj@pmg eidvickr ougtentbee m@gweedl e at a

pressure of about 10 atnpspheres unt t he s I|ne out the 18G
dr ai ABge sydsiandy sipall Jamelan i miveRiEs "i‘qgebfé’ %\ee%rﬂn"lll'?d ‘%’g?'ﬂ%g 1?'f'?at nost of

the rmlefmaerial witih tpé'chﬁéléusmﬂl,@&ﬁ;‘d§ RaSHRARE LAMDHRA anf ifuaBbiet v _of

0.5-2.0 iters o I njectable ribose crossed |ink {())orcme
col I agen mer@:rahlca‘t pompiisisg bigcetpetible raess-izep codagareistiniesigghnion®e22G needl e

til di L yted Il | the 18G
heedl e Pt SeE SERNa) Bhock iRe WihouP S Elph daSaTBretdtahy |10 oS
col | agen vitficte Brimkefed dhotldeel & Miciett 2o aa@asﬂwﬂdﬂ@' resinranist dnapen discom t he
" hF o0t ablsizée o spATR REWER Mo vEiabraey a1 BRBsPaRPSRgaL RO sEseedl ¢
i njedta j &g needl e
until th a%ga%ﬁrbfk f?éat@él'ﬁhefanﬁfb?tl@’ﬁh@él v@ﬁ@@fraﬁebmnt he 18G needle

renoval . nee elst n withdrawn fromthe disc and a
" non- absor babl dhayihjestesk hatdiiaharaynadeanaxspace trrintaineatadd 9@ BBPa f or

future reducer. While the procedure may be performed by itself on painful discs, it

may also be applied as a complementary procedure o disc suction or infradisc
20  radio frequency wave warming procedures. The outer part of annulus fibrosus,
must be intact since ruptures or fissures traversing the annulus fibrosus may
allow leakage or escape of the injected material which may be an injectable
liquid suspension.

Thus, the intervertebral disc repair method of the present invention may
25  comprise removal by washing out or other suitable methods of some or all of the
contents of the nucleus pulposus followed by introducing into the region
previously occupied by the nucleus pulposus an injectable preparation

comprising cross-linked collagen with or without additional materials or cells.
- A feasibility pre-clinical study was performed. Two types of degenerative
30  models were established. A first degenerative model used nucieus puiposus

needle-washing, and a second degenerative model involved nucleus pulposus

14




15 17 April 2006 WD 03/049669 PCT/1L02/00997 identificationl7ohpil80¢nj ect ed
di scs. Suitable cancel | ous screws were also inserted into the vertebrae,
for identification and intervertebral spacing neasurenents, as disclosed

i n detaiyqbgfsispafter. In each pig, the collagen inj | l.Sq-per formed
only on two out of the 5 three vertebrae. The nucl eﬁ@%@?ﬁ%}gﬂs of the

third vertebra was washed out by injection of 10-20 mlliliters of sterile

saline asedhsdi! Gacth NEiRARAKCaOUL BownCh RIS | IREL RduBsaRerf or med.

[
This third vertebra was used as a control. The thorax opening was stitched,
the air wescribeddnaietl Hereinaftandn Erpsrimentan candhb resppclivdly.awakened. 10 Results

of EXPERI MENT 1. Macroscopic ex%@g@esacri fice, the injected
(experinental) discs were exanin cross-1linked coll agen
extrusion fromgsheSli $enRRaLaN wdIgietings 604B0CkiRYdMS agdreahnestivtinges as
abscess formation, inflammuation and integrity of %he annul us . 15 fi brosus.

Hi st of ogiGerersanasiiesicois ¢5aRlispd by awpleTINARIRNY lueian et Bi'gert wo

experi me : | | € ' hE by th

ot tches Hgehedl L an SO ARSI {pbocHcallny A Al FpleURIbbbicBBY Iy, and
one vi r gito tHeithocamh eettelilas avdsbasscc R Gteritmopening s mada betweasrthedli ow t he

three treate mscs (L.e..T5-T6 J9-T1 0) ., T ' ' : [ db
transver ?&P‘Itge?écf"i’%n;rhﬁqbﬁear?ﬁ?ﬁereadt %D?%EP%J&E Pﬁ'@ ﬁ:ﬁf@%“ﬁ%@mﬁéﬁﬁaw ;(Tem;lt Y
32?,1 ggf; F\?evggh@rr] Sdmf hifg N dﬁﬂgéte?_lﬁﬁr?@tld"l ik tﬂ&luiﬁcfra@d vertebmiel nWiamdthe
zed | ormc aclid, H stol ogi, ect :
Cor ohr y BpIaEIG SBREPASN 46 RATPIBachS FEREOMS APAIGE BN LD HCEtNG TGRS as o
known 25 8 RebRgs@it A 95 rgﬂh%@ B! €2@2 \A%sui‘ﬁt@t?@ééa thRdtigh theDpefng S _known in
or g ca ol |

the art, vi sual | zi r ot eogl s. The ow ng points (a-c) were
det er m néntodha TEekD veddbrae regien, anobmeew.&mwuglbthelanwugﬁ fibkepief &t o ti ssue

eSO AL G E3RORR e S en RS, §7%57e) Wl B0l | 2gen
nucleus pulposus of the disc.

15 The insertion was performed at the right side of the disc. A high-pressure

| injector was connected to the 22G needle. Another 18 gauge needle (18G) was

inserted into the nucleus pulposus of the same disc through the annulus

fibrosus of the disc using a frontal disc penetration site. The 18G needle served

as a draining outlet for washing out the contents of the nucleus pulposus. 10-

20 20 milliliters of sterile saline was injected through the 22G needle at a pressure

| of about 10 atmospheres until the saline coming out of the 18G drainage needle

was visually observed to be clear indicating that most of the material of the

nucleus pulposus has been removed. A quantity of 0.5-2.0 milliliters of an

injectable ribose crossed linked porcine collagen preparation was injected under

25 - pressure through the 22G needle until non-diluted collagen was visually
“observed fo come out of the 18G needle used for drainage. '

After the injection of the initial quantity of collagen is completed, the 18G

drainage needle was withdrawn from the annulus fibrosus and another quantity

_ ' of approximately 0.1-0.2 milliliters injectable cross-linked collagen is injected

30  through the 22G needle until the collagen leaks out of the eyelet created by the

'18G needle removal. The 22G needie is then withdrawn from the disc and a

" non-absorbable nylon stitch was made next to the treated vertebra for future

15




c. Ribose cross-linked collagen bio-durability. 16 17 Apri 172008 2009
03/ 049669 PCT/ 1 L02/ 00997 TABLE 1 below lists the details of the aninmals
used in the histology exam nation experinments. TABLE | Pig

No. Dur at\,89 nts After Operation V51 nont hHi st opat | eval uati on
conpl et ed. @%gggrgmnt hsHi st opat hol ogi cal eval uation corr!];)?!le gidlfg0 7 3

nont hsHi st opat hol ogi cal eval uati on conpl eted. V16 nont hsH st opat hol ogi cal

eval uati QR ARRINGH B hENRlotRAGIdch! C SUINNLFLARCERSR LBfbukOlefelaksaiv- up at 12

nont hs post oper ation. - nine pigs participated in the study
(1 abel ed ipserfedgdntyl th®) vertakiras, ofergiidentifiestinnu sando inteasrigbiahi $RASIMGr om 4 out

of 5 pigs _whic re.s {1 . d 6 th t ' '
U, v, Vet et d R ndeig#dl g Ve) “wes roserved for T O
sac_r: flblclang fltlr]l éacwwt h_i ,f‘theafolli@gert %cﬁ?eﬁambdorrﬁéu ohiysorohwemgput ebtilet s are not
avail a ye or .S ani : e nai nj ' ' V2, V3, V6
and V0) Biee yedpe@ted hﬁj@”{@'ﬁ{ R‘I"B‘Eﬁlqsdﬁ%‘? EI'glréia‘fer‘itleg%‘r Yﬁ)’hg‘s"’lﬂﬁé&d gﬁ?)tel?’yat i on that
was not rigkafdtof Q0ioBemfiRrgisit g%trilé)galﬁnfe 44 BReRsEA Peseihdttivetbut @ | agen. The

hi stol ogy rTesults are sunmarized in TABLE 2 bel ow (and al so 15 presented

in Figs. dobaged ipfectitiewas paifagngd. gliie third vertebra was ugsd as 2gowirol.
| The thorax opening was stitched, the air was evacuated from the chest,
and the pig was awakened.
10 Resulis of EXPERIMENT 1

Macroscopic examination
At sacrifice, the injected (experimental) discs were examined for ribose

cross-linked collagen extrusion from the disc and any macroscopic pathological
changes as abscess formation, inflammation and integrity of the annulus
- 15 fibrosus.
Histological Examination

Four discs were removed from each pig: two experimental and one
sham-operated disc, which were identified by the stitches or the screw (placed
at the time of operating on the animal), and one virgin (untouched) disc (basic

20  control) from above or below the three freated discs (i.e. T5-T6 or T9-T10). The
specimens were trimmed by transversally sectioning the spine to include the
disc and the adjacent end plates. The specimens were fixed in buffered formalin

_and demineralized in formic acid. Histological sections were prepared along @
coronary plane and stained with Hematoxylin and Eosin stain (H&E) as is known

25 in the art, or with an Alcian Blue stain (pH = 1.0) as is known in the ar, for
visualizing proteogiycans.

The following points (a-c) were determined and recorded at the

histological level with respect fo fissue responses:

_ a. Inflammatory response.
30 b. Ribose cross-linked collagen integration within the disc tissue.
C. Ribose cross-linked collagen bio-durability.

16




WD 03/ 049669 PCT/ | L02/ 00997 TABLE 2 Fig. No.Di sc TypeMont hd7 April 2006
Post - St ai ni ngmagni ficati on andoperativel ynethod (Pig. No.) 1AVirgin
thoracic_ H & EX 40 (Pig V4) 1 BShamoperatedlH & EX 40 (Pig V5) 1 Clnjected
wi t hl H& Pig V5)collagen 1 Dinjected w thlAlci Pi g.
V5) col | @%@qgﬁésl ESham oper at ed3H8& EX 40 (Pig V4) 1 %‘“ﬁ%@% Wi 1 h3HE EX40
(Pig V4)collagen 1@ njected with6H & EX 40 (Pig V1)coll agen Reference is
- now nmade i@ B PfelolvAiskGnahictdils ¥ thPAaN GJeddh #DRistdlRYSERIHABE

hi st ol ogi cal sections taken frompig intervertebral discs obtained in 5
EXPERI VERXparjméms] udi ng control discs, shamoperated discs and discs
Injected wt hTi\E E§s§ cross-linked collagen, in accordance with an
enbodi nent of thods of the present invention. Fig. 1A illustrates an
H&E stained hi SPed @y cf oss Imghtien (gt x40 negmniéntati on) froma virgin
(non-operated) jdisc (obfained frompidq V4). Regions 10 of bone 1,
cartilage 2, and the nucfABerOperati®sus |3 are visualized. Fig. 1B illustrates

an H&E st ai ned rhisgpiogy Tt ctiomn; of Aper ated di sc
harvested 1 nonth ggst -ope?i; |O\F/le y (cbﬂlgt?ﬁ%@o@g%rpi geV1I .' 18 17 April

2006 WO 03/ 049669 PCT/1L02/ 00997 completed.
| | Va 3 months Histopathological __ evaluation
completed.
V7 -3 months Histopathological gvaluation
completed.
V1 6 months Histopathological evaluation
completed.

\': Not sacrificed yet | Pig reserved for follow-up at 12
months post operation.

A fotal of nine pigs participated in the study (labeled as pigs V1-V9).

Histological evaluation was obtained from 4 out of 5 pigs which were sacrificed

at 1, 3 and 6 months post operation (pigs V1, V4, V5, and V7). An additional

pig (pig V8) was reserved for sacrificing at 12 months after the operation

10 (histology results are not available yet for this animal). The four remaining pigs
{pigs V2, V3, VB and V9) were rejected due to infection or death during the
oberation that was not related to the administration of ribose cross-linked

collagen. _ _
The histology results are summarized in TABLE 2 below (and also

15 presented in Figs. 1A-1G of the drawing figures).

20
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Reference is now made to Figs. 1A-1G which are photomicrographs

representing histological sections taken from pig intervertebral discs obtained in

_EXPERIMENT 1,

including control discs, sham-operated discs and discs

injected with ribose cross-linked collagen, in accordance with an embodiment of

the methods of the present invention.

Fig. 1A illustrates an H&E stained histology- cross section (at x40

magnification) from a virgin {non-operated) disc {obtained from pig V4). Regions

10

- of bone 1, cartilage 2, and the nucleus pulposus 3 are visualized.

Fig. 1B illustrates an H&E stained histology cross section from a controi

.sham-operated disc harvested 1 month'post -operatively (obtained from pig V1).

18




WD 03/ 049669 PCT/1L02/ 00997 Fig. 1Gillustrates an H&E st ai lMetipHiZ06] ogy
cross section photom crograph (at x40 magnification), taken froma disc
injected with ribose cross-linked collagen and harvested 6 nonth

post - opeyghiNgley (obtained frompig VI1). Similar to } Iﬁﬁﬁﬁ&P”
illustrated in Fig. IF, an intimate interaction of the ribose
cross-linked collagen 5 with the adjacent hyaline tissue of the nucl eus
pul posus TRei ghofP afE8§fphNeveals [tasnsimitisn I ast usflicdasvitpgecontainingel | s did
not invade the ribose cross-linked collagen 5 during the 6 nonths

exper i meAP@E depEs.i od. No granul ation tissue and no proliferation of bl ood
vessel s were ggenc e AANRAAUABE baidde nERAGH @BR! SeotBhe
performed, no Signs of ribose iO cross-linked collagen degradation were
obser ved ptofoimigogiaipbs péhé dop iotemicragrapte at hetthinsagsifiagiion.eaud tteof

EXPER] MENT,. 1, excellent tis r e .d] L $SHEeS and

ri bo CPBQ‘%@IH?W 'CEO@F?%aﬁx Sm%@@ﬁ@%@gg?%%gfﬁrﬁ% grigé Eﬁ?ﬁ%@ﬁg to six
nont hs  atibgse Bicss-lihkdebliagan ANd hartésAsart month gestopemively dobstaiméd as coul d
be seen by the absence of inflammtory cells and édz_the | ack. of

prol i f er HOMoRig 64‘5)-bT%H‘Q?@@W@?ph%@Vﬁ%%Qﬁ%B? gt Ql?qst?r@?ssr‘lgg‘iegsenti ng
di scs har dg1; 5\5{.'%@ t BASkeliutregdduan THRTMHFhAat Sortadti mat e

i nt eract icéﬁa%btegt \?\/e'esnéltjﬁe gg?g E%@g-%?iwkaerdﬁ%ol l'agen 5 and the remnaining
hyal'i ne bielmen thé ribbee cess-Hukededlipgend apdithe hyalinetrpatrix of thetnusleust a

separatin menprane or_capsule characteristic to foreign body reactions.
Thi s{ dj Qg@ﬂf‘u%n};ﬂ‘yﬁ%ﬁeﬁsupports the notion that replacenent (even

partial) of thg nDalRHStesa ARRMSBE staifddbiswlonyasssd sevkied (afol208gen i s
feasible. Proteoglycans were identified within the ipj eﬁt ed Ri Qose
cross- | i masaificaliong&am ehdisen iRjeered At fRosgncrogs-l SOt 6P

pr ot eogl b eTNE $eRtS! ' r ileeisRies Ri bose
rose- i ﬁ%ﬁ%&g@?‘r’ gggﬁﬁ plﬁﬁttﬁsp'é{éﬂ/eis}?. THE DoRIe? Bt e RO Yative Bsdiles

easi’bi ity study indicates that R bose cross
25 | i nkeaf thal heaeus pisipostise3 add diuainiedie®d Biyese cavsspinkpe oollagen 9 Waét as an

excel ] en repl acenent materi for,thg v bral us.

EXPER! MERPSP W@y g%@?ﬁl’n%wge@'léesttécf h% h%bslo‘rﬁéfhjgt :bgr%n or#' gé:gdré?ioﬁggﬁe) ormation by
porci ne Weo%@ddn@%nltd hreysjected Ribddendross-Irilekdapdagerd® col | agen. | njectabl e
cross-|inked bovine 30 col Ig%_en and ii{#ﬂ ectaple cross-1li par.ci ne

nked
col I agen wer eNpediflamraaiono rea@ions g1 |iiamng M erlls &?SPW%QBE f8rmation in
rabbit egf,fiiioh!tR8fe, M no proliferation of blood vessels were seen in any of the

specimens of animals harvested 1 month post-operatively.
20 Fig. 1E illustrates an H&E stained histology cross section (at x40

magnification} from a control sham-operated disc harvested 3 ‘months post -

operatively (obtained from pig V4). The empty space or cavity observed at 1

month could not be identified in this three month post operative section and the

cavity was filled by high cellular hyaline tissue of the nucleus pulposus 3.

25 Fig. 1F illustrates an H&E stained histology cross section
photomicro'graph (at x40 magnification), taken from a disc injected with ribose
‘cross-linked coilagén and harvested 3 month post-operatively (obtained from pig
V4). An intimate interaction of the ribose cross-linked collagen & with the
adjacent hyaline tissue of the nucleus pulposus 3 is observed. No inflammatory

30 reaction (no inflammatory cells penetration), no granulation tissue and no
proliferation of blood vessels were seen in any of the specimens harvested

three months post-operatively.

19




17 April 2006 WD 03/ 049669 PCT/1L02/ 00997 Injectable cross-17ArE2086vi ne
col l agen and injectable cross-linked porcine collagen (100 mcroliters per
injection site) were injected intra- cutaneousely into the ears of 20 New
Zeal and walhibse using a 30 gauge (30G needle. The peghliggnetrated the
cartilage of the ear. Biopsies fromthe 5 injected sites were obtained at
one nonth post-injection and processed for histol ogi cal exam nation. All

the injected pjgt esid orjadafbsPObgi NERERNGtAANY Neniétblogt atdss Ceestiml i nked
col I agen coul d”be physically identified at 1 nonth, 6 nonths and one year
post - i njphotonterographdiat 4P enegnifioated, &aleerfiem a diseriviested Wil FRASBonse to

i nj ect abl Q. ' ' e r IS 6igabl e
cross-1i %%qﬁgé@?ﬁgéde@%%a%ﬁé@ %?Aoén?gﬁﬁt@gegﬁﬁggs(ﬁgta&%g f@ggg@ved gr ow ng
near and\i. tSimilanjeetiteeskctionlilayetedindigl tatar inimataNideraciians et thenked

col l agen was injected,into and .adjacent to the rabbit r rti. age,

chond oplrgg?% C&éﬁsé'“gﬁgeﬁoj}%%e”c g Vﬁ@bt eaqlcaacefrﬁéwp eeﬁ? %fgﬁearg"gcrl]édr?at rix,

form ng GRlddslig8as Dbs&GEY! Nd iRfidRNaRRY rédtios WessobkbrielniGulls ¢l hatgen

particles. The general hi stoleggl cal apgear_ance was of a nposi te tissue
t

consi st i Migyade ther thasegeroseilinkast seltpganth dusng 4ge b Mﬁ‘%?é‘ge.o” of these
ticl : QN ; ' . Ref
partic ﬁg)aa\éfg@.g I\@I g‘%“ﬁ%kfg%éﬁ% DY ﬁggﬂgﬁé’i@h@ﬁﬁ bldoBd sk s ?Hré‘%één. Reterence

IS now ch™ ar ot'om crographes ustrating the -
f or mat i orEveh theugh hageatiitativeembatunenanisavere gegforroed dosighs phitkase 20

collagen injected into the superficial part . of rabbhit. gar cartil age as
di scll se(?r‘?%ﬁ@ﬁ(ﬁgl%[ ENAEIL |B|é\/\geéeeﬁb§q%v?_cf %lér.mgztﬁgﬁfnog'hondrobl as'? s
mgrated in bgtapaRatiRetHenhiselogy resulssofl EXRERIMENT agencatiehetissale. | n some

sited indicated by the arrows, the condrobl asts d_evqe’Lopﬁd i nto islands of
carti| agdespansaebetmeen Hieosice §spesFARE . riomae) roRETIBKH IR % nont h
after inj o]r] : Asulots o LR den. 6\1@|Qn—ﬁﬁé‘[8 strate the
ability (ﬁg%}k\{ga alt %ﬁé‘%@a‘{'@%}dﬂpatgé'ﬁ‘l %@Bg%ﬁ??gﬁg@%ﬁppoﬁm e the iﬁduct i on of
carti| aggeadtidn ddchrredaasd colildde semnnisyt thenatisenee wb inflevenapor eglisvdandn appl i ed

ot b e Pt PGSBS ol VRS B REr bR L e
nucl eus RddRORHResHd/0r 3daMe! epiBiNs QosBOinpafién | dghamtatorintimate
fibrocartilagi nous tissues or dense f_i_ brous ti ssugs idntﬁeh?e:%gllmrna_ di scal
space. interaction between the Ribose cross linked collagen 5 an g
hyaline tissue of the nucleus pulposus 3 without the formation of a separating
membrane or capsule characteristic to foreign body reactions. This adjacent
20 affinity supports the notion that replacement (even partial) of the nucleus
pulposus with Ribose cross-linked collagen is feasible. Proteoglycans were
identified within the injected Ribose cross-linked collagen. The in vivo absorption
or deposition of proteoglycans may contribute to the visco-elastic properties of
Ribose cross-linked collagen. This feasibility study indicates that Ribose cross-
25  linked collagen has the adequate biophysical properties to act as an excellent
replacement material for the vertebral nucleus pulposus.
EXPERIMENT 2
This experiment tested the induction of cartilage formation by porcine and
. bovine ribose cross-linked atelopeptide collagen. Injectable cross-linked bovine
30 - collagen and injectable cross-linked porcine collagen were tested as to their

~ ability to induce cartilage formaticn in rabbit ear cartilage.
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21 17 April 2006 WD 03/ 049669 PCT/|L02/ 00997 EXPERI MENT 3 Bilohwdi?8Af cal
exam nation The experinent is designed to characterize the bionechanical
features of degenerated intervertebral disc treated with ribose

cross- | ik 4%3%“ agen. These 5 features are conpar edpé%ﬁfkﬁ()ﬁi omechani cal
features o eal thy and non-treated degenerated discs. Cro assessnents
and hi stol ogi cal exam nation of degenerated intervertebral disc treated
with cross-|i rlhféeltagﬂé |(§@Iid&§ﬂebpﬁﬁéf9&|’%9n ahe mg%lﬁjﬁﬂ@r&oésnlirﬂmerl mental 'y
create a nodel ‘of degenerative disc 10 disease ( ) in aninmals was

descr i bedporeing esaliagen pEi®or snicnalilsrenpari diedionapite) wes sinjertate iNitaet al . |
1997) inc r .herel V.. | ' i | purposes.
Briefly, Cg':iag’s Oﬁ%‘%gr"{m{grtllt% gﬁ%scffh% ﬁé‘&%é (;%}]dngnréﬂgl'tﬁr, eug F‘ bra{e?é ﬁsg | {300?' al

appr oach nsedleusk: ndbdief pletmtanf theh earidger nbltheldar qBepsieat #omatheobl i que and
the transversus, abdom nj s.nuscles were separated. Th eritopeum was

i dent ? f i dI®96d Fi§SWpy S!PTQHQF'L%tnf’f'%énﬂrﬁgd?%g"ﬂﬁg'of'h@cﬁg&'fgs?ﬁfgi e was

i denti fi efgtoldRal &anlifftiorl 9 anatony a posterior dissection was perforned
and entry was done between the Psoas and the vertebrae and not through an
anterior di ssédtthernjestad sitepifar kyith Peecine gad bevise iaiectable; ¢rostulilied. The Psoas

. _ f . ’ ' d d
The T umbaPiéder 8518 bUBLyLEANTGHTEIRE 1365 e pbrk ARFOR ydRARSTTE B e

ver t ebr adnjedtidnd Nee déffaretessi freredobseresdkin dhe tissmeg responss tpdnjécabied using a
mobile C Arm . i e intensifier Roentge machine (Phil.lips del V-300).
Af t'e|10seﬁé?sét'lirgggg?ﬂ}'“&eﬁ?l@eﬁnﬁ |CP%?@P%ﬂf%f"1‘?ﬂaQes‘&8ﬁ?shﬂ'ﬁfﬁ B‘?@% vessel s,

cancel | ougjiAgdn. FISbRORIAGE is8uk! WA bBserl@Ngrowind ndlr aind In tietigjectedt er t hread
di aneter) were inserted, one screw into each vertebral bo,oll_é/I The di stance

bet ween tdedagan basedvaaterials IWben @ psylinkedeealipgen Wasenjectesh Iip #8xi mat el y

anteron| At i bl atfe ontohlach g el MPboERT .l "L o tne

end pl at dbe imectet roaflagen nratix, tforening cheilegepsttypbaasin-betwaenothet ¢ress-30 nucl eus
nas rlSe rmv"(ra] ed Tct‘o‘?la‘éme)rllJ ”S'a ic gs.c %egerilé]ra' 6H{s‘:’lcrﬂ%g%gll atpggal%inge R3s of a
composite tissue consisting of cartilage reinforced with collagen particles. Some
of these particles were also colonized by chondrobtasts, and fibroblasts.
Reference is now made to Figs. 2A-2D which are photomicrographes
illustrating the formation of cartilage tissue between particles of cross-linked
20  collagen injected into the superficial part of rabbit ear cartilage as disclosed
hereinabove. As can be seen in Figs. 2A-2D, chondroblasts migrated in
between the injected cross-linked collagen material. In some sited indicated by
the arrows, the condroblasts developed into islands of cartilage tissue. The
biopsies of Figs. 2A-2D were obtained one month after injection.

25 The results illustrated in Figs. 2A-2D demonstrate the ability of the
injected collagen preparations to promote the induction of cartilage and
fibrocartillage formation in vivo. Thetefore, when applied to intra-discal injection
in humans, the therapeutic methods of the present invention may result in at
least a partial regeneration of the nucleus pulposus, and/or development of

30 cartilaginous or fibrocartilaginous tissues or dense fibrous tissues in the infra-

discal space.
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awakened. 22 17 April 2006 WD 03/ 049669 PCT/|L02/ 00997 EXPHRIAENPADS GROUP:
This group included six pigs (pigs V10, V11, V12, V15, V16, and V17 of
TABLE 3 below). At tine zero (four nonths after the first operation), the
pi gs we etized again and the operated degener ,SCS were

I nj ect em@ﬁﬁ%% 0.2 mlliliters of an injectable p%éféﬁ{ﬁzém?él bose cross 5
l'inked collagen preparation (at a concentration of 35 mlligram
cross-linked collagen per mllilgxegRIMENTBS) . The injection was perforned
through a 22G spinal needle, using a pressure injection system capable of
produci ng preﬁmb@wmmﬂ% at nospheres. The pressure injection system
I s descri bed e r | was done
per cut aneouslwgﬁg“ﬂ%tg(ﬁ&gﬂ%&}s Ch%‘?ﬁgﬁn Jlag'}e Bﬁbgle-gﬂ gée‘rﬁé%g%e%gchl ne as

di scl osedepeiciindisterncriEbral dige dleatednaith iibuserdress-linked coliagean dhedgacent to

t he transverse rocesse of the vertebrae thr t he 0a cle and the
| at eral qﬁlére&e & Fl%mEWr?E to e 8”1‘?8{1?'3?3'2?3%’5?8 © %ﬁgl&hwqolioq ﬁ%&gﬁl mal was
l'ying ongi énéréat%t diicde. MEEDTRBSkedaR@d di shistoRdRal netansigstion wé pi gs t hat
wer e opera to 15 establish the DDD (pigs V13,V14, V18, V19, and V20 of

TABLE 3 ldegemratetﬂhu@ervgrt@hr@l ofiisanirealed Wik reesslikedt €9llaganh WeBss- | i nked
col | agen %W time and served as a control. SPI NAL CANAL AND EPI DURAL
| NJECTI OR . Five pigs (pigs R10, R11l, U3, W4, and U5 of TABLE 3 ‘
bel ow) were tHEst @trbdsdufe trdemplenmmtaflﬁﬁraa@@t inodet of dagensrrtiendist | eak of
ribose crpss-1i d. col.l agen into SD. I nal, _cana under

post & i oMdiSgaEH [Egéﬁ} BRHMa Véasrﬁ?ﬁcf’ﬁ?f@r Y PRBES (@Phgeﬁér%nﬁépd 'col | agen
was i nj eqhget Kéﬁe‘?vé @Pal' W‘QQ?) iﬂ%@bra(téd)h@l%ir) bﬂh’:fél@n@é it theirspitirety forcanal  at

about L2-L3 and L3-L4 l'evel's of one % the remmining four pigs an
~epi dur al all pjueeasesn Bsteflyppios xindaany ane hﬂﬁlaarﬂpm iandra feflyedereiigasa!| i nked

col | agen a}gﬁlsoaﬁlé WS Js&h m?ﬁlle f-BQ ot te%%?ﬁal'dﬁﬁuéj?ﬁtgh%l Hbf’q&é drf¥ehgi tuation of

a defect posterior wa e annu rosus leading to the
ext rusi oranbvdrives amdeeninial misdes wentaaesemratad Beenperitomeem avasndenifigdr e

df el f | d
"eOR1 Rt Senaed HPHEB eIy b Sea hiois AR s ifiee *hueldl, 17 20
and the geiPhnbRhfChl Ristdricit Aea6RWas p¥deini@dand entry was done

between the Psoas and the vertebrae and not through an antetior dissection, in

front of the Psoas muscle, as ih humans. The Psoas was separated form the
transverse processes, a retractor was inserted and the lumbar vertebral column
20  was exposed.

| Using a lateral X-ray imaging, vertebrae L1-L4 were identified. The X-ray
imaging was performed using :a mobile C Arm, image intensifier Roentgen
machine (Phillips, model V-300). Afier separation and gentle mobilization of the
segmental blood vessels, cancellous A.O. screws (12 millimeter long, 4.0
25  millimeter outer thread diameter) were inserted, one screw into each vertebral

| body. The distance between the screws was measured using a metal caliper.
An approximately 1.5 centimeter stab incision was made with a No. 11
scalpél blade into the antero-lateral annuius fibrosus of L2-1.3 and L3-L4 discs,
’ parallé[ to the end plates, penetrating into the nucleus pulposus. Part of the
30 nucleus was removed. The wound was closed in layers and the pig was

awakened.

22




30 Reference is now nade to Fig. 3 which is a schematic parlf Ad3g06
sectional diagramillustrating the systemused for intra-discal injecting
of ribose cross-linked collagen and for nonitoring the injection force and
the pressyhfoddse23 17 April 2006 WO 03/049669 PCT/ILO DdoedNE 1 Nnj ector
outl et and |§n tﬁe I ntra-di scal space, in accordance vm?étﬁﬁ enbodi ment of
the present invention. The system 20 includes an injecting device 22 for

i nj ecting theERPERwENrrMeGRGU# agfngroplinclogedreii 4igs (pigs Vi@4vand a force
transducer 24A To 5 As%_force and two pr ssure errégt%@]eumts 26

and 28. T, W@e\/%r&"ét)f'bﬁ Ode E38 belowg ¢ hé HEE 2859 (fpuf meg in a
transversrﬁ% ‘éfa‘?x%ﬁ)\,)jﬁ&hg@%re‘éh@é’i’hét&eﬁrﬁﬁ Wik A ﬁ@%ﬂe&ﬁe& Hbgsterstive2 and the
G e

nucl eus S injecting nee 38 and a pressure sensing needl e
40 are shipys vione frjedted withsl. 5 3 malﬁlttens dfanngechab@rpcafdne nbosgeroshre annul us

fibrosus such that their o en 0 needl e tips ose Lt the

nucl edis POk SQUAgEN PEPE e%é‘PQP@ﬁfaf'ﬁﬁ (I)faég 'Bl!.‘f“{?% u‘gm%\%?h% nodel

ani mal s) c'oga% péPHlIﬁITtQFSSSﬁPBSWaW?ﬁe Wjedttn wb@'gﬁﬂbﬁhé@hhr@bghllesezeo The

I nj ecting I ce I ncl udes a hol ding frane The holding frane 23 is

made f r orspinal o@etcﬁa,amm @ pregisuE injecte SygtRm |C§p%ﬁ’? Sk HMUP'BQQ"%S[SHT%?I ess st eel
- 15 back-p e and a
forcing Sé%@%ozﬁ] mré ﬁﬁ% deKE)B'gegé%e |ﬂ{eﬁf?611 é%éé@ﬁ??éég&gﬁﬁgf]gie@he hol di ng
frame 23 heﬁe:n@ftaQSaetFag:@dT Heoincliwt whs dbeeperc8tanepusly apidgihe Bagel | iliter
plastlcsrlne e .placed, w thi the Ieev 1. t ess steel
rod 38 atltgps bﬁ%ﬂ?&é&%ﬁ@%‘ﬁe?ﬁ AL ﬂ%eéﬁ?%o?}' 'rnfhg n%ggl![ Phe syringe
and functjangsatePambHooaid éd]écé?ﬁﬂ@chtﬁé&lréd&@erfsbQﬁé@s@é@@ﬁﬂiel\Aekteﬂraeol | agen
preparation 39 disposed within the syrin ressurg T- junction

h-
41 is corthrotgldhe pseaknusaler and Be) lateselieid eofﬁ@ éw:f%aa?g@tem e mof the
T- t f d high fl ble tub
junc 'gdqsé;r@yiseutﬁ%ﬂﬂﬁﬁﬁl 1“{;%3% r@h{%@ orced high pressure flexible tube

42 to th Sensi ng measuring the pressure at the outl et
of 25 the syrCOMTROL GRI@US’ed'brsobraupnrmludeHe‘N@ -pigs thait everel pperatasbivnect ed

St i if os estatin e, HB0 Pl VEL AR Ta, . el g A o4 B e A s e 1 che
experi menfrgup bt ahifnal® WSt injected with cross-linked collagen at zero time and

served as a control.
SPINAL CANAL AND EPIDURAL INJECTION GROUP: Five pigs (pigs
R10, R11, U3, U4, and U5 of TABLE 3 below) were tested to find out the

20  reaction to an accidental leak of ribose cross-linked collagen into the spinal

canal. In pig R10, under posterior open approach, 1.0 milliliter of ribose cross-
linked collagen was injected into the intra-dural (spinal) space of the spinal
canal at about L2-1.3 and L3-L4 levels of one pig. In the remaining four pigs an
epidural injection of approximately 1.0 milliliter ribose cross-linked collagen was
25 . performed. This was done in order to mimic the situation of a defect in the
posterior wall of the annulus fibrosus leading to the extrusion of the material into
the spinal canal. The animals were. monitored for any devéiopment of
neurological signs such as limping and incontinence. Six months after injection
" the animals will be sacrificed and the area of injection histologically examined.
30 ° - Reference is now made to Fig. 3 which is a schematic part cross-
sectional diagram illustrating the system used for ihtra-discai injecting of ribose

~ cross-linked collagen and for monitoring the injection force and the pressure at
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noted that other types and gauges of needles may al so be usddArHEPRat the
i nternal and external dianeter of the injection needle 38 may be changed 30
depending inter alia, on the viscosity and concentration of the injectable

- Cross- kyakafege! | agen preparation used, on the methogk@fioddaserting the
injection needle 38 into the interverteral disc 30, and on other practical

considerations. 24 17 April 2006 WO 03/ 049669 PCT/1L02/ 00997 In the

experi nems iffectdiCo@S8Ad hnyRNthtRNdistdle sPARS S co@tshdtg wihedine 40 was a
standard stainless steel Luer lock type, 18 gauge (18G) needle. The
pressur e esdpsimentd diag pregentiBerti®Rnect ed through a reinforced hi gh pressure

f1exibl e t“be;gﬂ%r teW%opipﬁga%gr gg?ﬁ}r&g{hﬁd%bé i hjcBMAStHe! Bgsd-ne

i ntra-discal ssure ( thin the disc), "before, during and
after thdinkey emilagen,of fordee mortios eundfr 84sand rkdarceofranspieehrZdpaielt i on 39.

The pressure sensing unjts 26 and 28.us [ xperinments were nodel
| NDEFL AT EREFSU0ET %‘f%/l qqxffftwgtqr%sf,?u&eégc?qzsgég ﬁ’ﬂ%ﬁ%ﬁ'ﬂ’?@nal 0g pressure gauge,
commer ci al |y aW@i heplaitebiginaiseizdant sehdveaiealy Mastiatend aincaltemsssrsalens, 10

Inc., CA USA These devices have a measuring range of u t@ 20
at nosphercEess sgctienaldigw kbshkow {iseannsfusiiosys ¢2 8ad i%ﬁ”ﬂ%‘gﬁ'& BOSH8y al so be

used. | n q4hen 3 | f gbjfbet ween the
. forcing ssgf gﬁ@%hgﬂg h@egﬁ% gfé)?%gsé%ﬁgmg g{reeﬁe%%@’?r?gbﬁvﬁgﬁ]forﬂce acting
on t he 1%positidng5fteTheing irsegeddmough thenannulus fibrasuhsughoihabtheirgpsiiucer 24A
were_parts .force e L. ' | 4 abl FG 100kg
-for céggalﬁﬁgaqermﬁ a qﬁ’%%%%é @Etﬁlbgﬁ?g‘%‘é&pé?ﬂﬁb%ssgg% Eﬁttg‘? %%g%%?{,e%ai wan. The
force gaygeleadp@posienge DUD Uncdel 4Mals) | ingthenintreidifal apave tdf tenoni nal

resol ution of 50@grarrs of force. 20 In the experinents, the syringe 33 was
| oaded wilttarverigbebdigE@8s- | i nked col | agen preparation containing ribose

cross 1 nked RAESHBREOILAGED, Hoidies RERRY FiEB0THENOMING frafa™ per

milliliter of p salin S) . he forcing screw 27 was
screwed 23 isonadesfrompaldedlavablosuryicel stael afd istaiiacher Boa staitlessosiesl | t he

o 35t Rk ik 5, B GheR T R veRRehg 2B MR AR
screw 27 is movably disposed within the threaded hole. The holding frame 23 is
also attached to a metal sleeve 31.

A standard 5 milliliter plastic syringe 33 may be placed within the sleeve
31. A stainless steel rod 35 attached to a rubber piston 37 may be inserted into
20  the syringe and functions as a plunger for pushing the ribose cross-linked
collagen preparation 39 disposed within the syringe 33. A high-pressure T-
junction 41 is connected to the (Luer type) lock of the syringe 33. One arm of
the T-junction 41 is connected through a reinforced high pressure flexible tube
42 to the pressure sensing unit 26 for measuring the pressure at the outlet of
25  the syringe 33. The second am of the T-unction 41 is connected through a
reinforced high pressure flexible tube 43 to a standard stainless steel injection
needle. A 22 Gauge (22G) needle was used in the experiments, It is, however,
noted that other types and gauges of needles may also be used and that the
" internal and external diameter of the injection needle 38 may be 'changed
30 depending ,inter alia, on the viscosity and concentration of the injectable cross-
linked collagen preparation'used, on the method of inserting the injection needie

38 into the interverteral disc 30, and on other practical considerations. '
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junction 41, the tube 42 and the needle 38 prior to insertildii@il 208@
Injecting needle 38 to enable pressure neasurenent by the pressure sensing
unit 26 and to avoid the injection of air into the intra-discal space.
After theoioadies 38 and 40 were inserted into the disermdy@sedi scl osed in
30 detail herein, the position of the end of the rubber piston 37 was
recorded, and the forcing screw 27 was used to exert an increasing force
on the end ofjntihe ekestimetiis ofl the mswlmtlanl,vthame@ssum génsing egede vel y stabl e

pressure |evel of 25 17 /04 69 P 02 9

appr oxi nﬁ@é“!# %Stfmd%Wn%§'A]%é§ gtﬁea,gger\d/}g%fygﬁ Qf"ug?\ %@g oS et
m)n'toreﬁ %f Ry GRRd L4§W&§'d&ﬁné’<ﬂé& t%ugﬂaeemmaéwhghqiresénm outl et of
the syri Z? 3 at the space within the intervertebral djsc,6 30 was

vi sual | yﬂambdettoib@d4dn tha@reqaué%an%n@elﬁé|2'$gfouma§ua@g Mryindg-disc@ pect i vel y,
d ] t f th
T osol | RiesuBgRR SR Pa G e, O R b Ehna|dffer (R4 Afcdin o 1

cros epara I-on rce “on the end of the rod 35 was
vi sual |y tHeedishsk lcpssstiimked coliigey poépdraiorf 89.ce nonitor unit 24 and manual |y

recorded. After the injection 0 oXi nut es
after pressuth® §f%?§”fgl SeRFIng ”ﬁﬁ%% QEA ?r% ?&ﬁﬁ)ﬁ' ﬂ%h%m%oésr: tion of
the end dtﬁhmoéﬁmvéhepwsswﬂ 1ﬁﬁam5d@ﬂ@é§1rﬁc&mfgiedalbg p]‘e$smren ne the
amount of the cross |1 nked g; preparatio \ghl ch {%Jn_’ect ed into -

t he di scg3oge, mmralbliwava!labhﬂyom Uidagt P@Ma@@dt yesty %’eﬁVF’ $hj ect ribose
Cros Ilnked e ayi C ntg appon of
crosgO | r[ﬂ?ed dﬁ I;}-gg‘geepra [ ca V% %Oggagﬁnﬁq %tagé? hgfnﬁﬁt rtg (%?scal space

. to incr eéﬁﬁoédh@rdseﬂthéﬁswtable)typ% ofngressiee tasosiap dgyines raayl alssch@ni cal
properties as close as possible to normal values, and to ensure a | ong
| asti ng upeq. -apeutic effect (in view of the slow bi odegradati on of the

i nj ected crosp-RaldpeficrB! fie ftcd iﬁah’dd%@elbﬂdflewdlémched be’m\leleaghaases)

Practically, however, the anmount of | agen whi ¢ ted my 20
be |im t dafcing sctew BT ghéthe ensheldhe red %prd\‘*eﬁ‘ﬁuﬁﬁgéhec{f%é"sacﬁ'inﬁlggéﬁ‘ﬁol | agen

whi ch, or "4 gselﬁ&‘ @fc%dghﬂﬁ&qﬁﬂoé{‘ﬁn?‘ﬁ@hﬁcé‘ﬁﬁﬁsdﬂcbh?ﬂﬁ\ Witk Harigoressi vel y

hi gh u e Injecting needle 38 by
~col | agen forg@rgtaugé it oﬁddhémlaﬂyalatlm]abmm mcmieé F(Eeiﬁ&lkglfp@ Q@Q@é&@ase t he
.gauge of tUTROnN E?éctronlc Enterprise Co. Ltd. Taipei, Taiwan. The force gauge had a

range of up to 100 kilograms of force with a nominal resolution of 50 grams of

force.

20 In the experiments, the syringe 33 was loaded with ribose cross-linked
collagen preparation containing ribose cross-linked porcine collagen at a
concentration of 35 milligrams per milliliter of phosphate buffered saline (PBS).

The forcing screw 27 was screwed in to exert pressure on the end of the rod 35
and to fill the T-junction 41, the tube 42 and the injection needle 38 with the

25 injectable collagen preparation. Air was expelled by using PBS from the T-

“junction 41, the tubé 42 and the needle 38 prior to insertion of the injecting
needle 38 to enable pressure measurement by the pressure sensing unit 26

and to avoid the injection of air into the intra-discal space.
After the needles 38 and 40 were inserted into the disc 30 as disclosed in

30 detail herein, the position of the end of the rubber piston 37 was recorded, and
the forcing screw 27 was used to exert an increasing force on the end of the rod

35. The screw was advanced untl a relatively stable pressure level of
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38 in order to mininize the size of the puncture in the anddApsilEP¥t osus,

the 25 decreasing the needl e dianeter (increasing the needl e gauge) may be
“limted, inter alia, by the ability to force the cross |linked collagen to
fl ow t hrhayedhabdae needl e and by the nechani cal propergd@so@edzhe needl e.
For exanple, the use of very thin needles may be practically limted by
the ability to controllably direct a thin needle through the tissues and
t 0 i nser gpprogintateldive! 1 hinmsphetdsavaadeveloped 30 the sringe dutlsidinngitaved f | exi ng of
the needle., It is noted

t hat _i [ lim t est.s | f d t hat
the 1o obY MsrpresSupSRnsing Ny 2BoTis pressdelt e ol e siides 3888 the . -
intra-di geale SPAGE wthinPiHgS infSvdrfebfll dibc 2006aY\QisU3IP 436 HrddCEN Ith€2/ 00997

ri bose cross-Ilinked col l agen preparations having concentrations of up to 55
mi | 1i gr apessefrecsensing uniteeth aod R8geespactively pnd marsially residad: Reld es having a
gaug In i 22( - ] | by using
pr es?ur eaurlt"&?%rﬁésigg rtﬁ%ﬁ%ﬁ{qnﬁfj’c% &%gﬁggl?qc%g%g%@%&ﬁaé#@l Eﬁﬁg(%re%xceed 10

at nosphepgshe &nd lbfithe fodsEdwan vishallykeaduirosi thel display obthedbreeanonitees structure,
size, and _nechanical properties of porcine and human intervertebral discs,
it may bH”'tg‘§§Eal5‘I’3é"UtaByf oéciﬁd't he ribose cross-linked collagen preparations

of the presenifdmind igeSRINC QRisk dbmpRtERNGSprokimiately 01-25 minutes after
mlligrams/mlliliters into the intra-discal space o{) intervertebral discs
‘of manmmPEseuecstabilizag atdhe G161 afmesphete leyel, i osion eothe SRARI 188 d human

di scsg) . 1S i ' | peutically

i nj e@ rHH?s‘?Z péérigé\?’\?%’ﬁierhgﬁ @g %J&géeergf ?ontg?é #@ﬁ‘ﬁ’gﬁ‘%ﬁ'p‘:"ﬁﬁ gf- Bﬁleis"grg)? space at
concent r #ikednollhgsveprepheatiol tvhiiH waginpeekddnintd theidiser3®r  hi gher than 55

mlligrams/m|liliters, b i,nter, alia, changing fhe si fr: I nj ecting
needl e 38, c'%(&?ﬁ:f?h'éjf ?ﬁ@%h%gﬁﬁ'ﬁqdcgl t'hﬁa&ggﬁqqﬂgﬁg(ﬁt rfeqﬁ)geizoﬁ?s éltnkgﬁ?e

pr epar at yQhgelpréyarkfidridthalingeidiash BR@htaRitior s c@ssllifkedestiagers aand
preparations ofp the present Tnvention. The preferred pre{\ss re range for

i nt ra- di prsticalyepessitde (intaether wiawliscal woass fo dngeass dis desieBPal Lpace of the
di sc). ma L.t Di e : | A i fheqies wth the
mstijpre%/né%rg%@é%rgle S%clr%eariogﬁ%gh é%ai%?n@géggéréggé \?;\Alo;éﬁoatsﬁgé%}%ésgﬁe sensing unit
28 duri ngalubs amgd écténsns anepg destingOthepapentic redfieet (inovigw aafnths pHewes.

Prefer ablb%ﬂeég%a.{igg ro?_tigjé ?rﬁgclzte ! Fosa-to aSé‘nO H!a?er?a?tin %%6839' eﬁgofér%% pheres
collagenases).

Practically, however, the amount of colfagen which may be injected may
20  be limited by the highest concentration of ribose cross-linked collagen which
“may be injected through the needle used without using excessively high
pressure levels and without clogging the injecting needle 38 by collagen
particles. Additionally, while one would like to decrease the gauge of the needle
38 in order to minimize the size of the puncture in the annulus fibrosus, the
25 decreasing the needle diameter (increasing the needle gauge) may be limited,
inter alia, by the ability to force the cross linked collagen to flow through the
needle and by the mechanical properties of the needle. For example, the use of
very thin needles may be practically limited by the ab'ility to controllably direct a
“thin needle through the tissues and to insert the needle through the annulus

30 without bending or flexing of the needle. '
It is noted that in various preliminary tests it was found that the injectiqn

system 20 may be successfully used fo inject into the infra-discal space of pigs
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to avoid the possibility of disc rupture. For porcine and Harmil@D8&s, the
vol unme of ribose cross-linked collagen preparation which may be safely
injected into the intra-discal space nay be in 25 the range of

appr oxi RRd Blidedde © - 2.0 mlliliters. The injectable volioe may vary
depending, 1nter alia, on the age and weight of the animal or patient, the
size of the injected disc and position of the injected disc within the

spi nal Cﬂgb%?e"cr&s@%nkéﬁ' M%Q?%F&)%rﬁonknﬁﬁﬁﬁg]@b%&r@ tighs of dpgRNEpat i on

a
present. r tactors may, owever al so ect the injectable volunme such
as, for eligpms, ofpaesmlinkgdorsllageopariaililjies thraugh acadien haYiadr g¥Panet ers of

t he annul us. fibras 7 A7 L 9 97 Macro
roceasmeill Beveted oo T G b, dogod O 306, AERER o spbptee e T Ay <i gn
of art hr igvek atdlie otitiof thecaringe 88 wihioh did Inbt &ecepd rilcatmesphdres.or der to
measure the apount of  the I sc inter-vertebral ace,. an autaqcl,avabl e

met al cal i per N4g t%%%é%npthﬁg‘ir}ﬂ”@dsmﬁﬁgt,‘esSb FA" é@‘%?ﬁﬂﬁf‘"@d S%ﬁe%ﬁﬂg, was
used. Th?nééhéﬁi%ﬁ'lcgro*ﬁ%m@%eaf E&%;n%aaﬁ&lﬂm ldreMBebranaRES, &l mdyt Bet he
vertebrae was neasured at the initiation of the DDD and at the tinme of
sacri f i cipagsiblado anieetthe rinpse pss4inkecbeoliepen gppasations, of fiBEEenit s are

t aken bef,or ger ti st hes L sacriifi ce we
oper at edfth% ﬁ%ﬁ%ﬁ‘ﬁ’{%ﬁﬁﬁ toflﬁg‘% sg)hn§52[ﬁ{ﬂ grr%ﬁ?gfﬁ[e"rﬁ%fb g{t)%?@eag}ﬁcrﬁﬁ%?ég t he ani mal
was ‘| ai dspacel6f intssvartapnal disadeofasanmatshéindliding, bup echtimded tom@orasur enent s

are taken in thi osition. The tips of th al iL,per r I.n the hol es
that I%réaﬁiﬁetq{@sﬁégag fcﬁ)hel-[' c}rE‘ . Veé’nﬂoﬁeﬁet%@gllti ’B@V%@"%ﬁ%@ cl osed
unti |t hendrhps tRaMP RSkt | k@Bt | dfodsmkicAneliagaviits mémbfatiahattesdisealt he head of
the screw. The cal’ipéer was then renoved, re 15 inserted and re-adjusted a

few ti mespace at concertations dewer thaat 33 walligramesimilliiterc Ak Aigbeh ake8A t he
measur eneng. t l. L€ : | et . A mark
on a shem'ﬁ'gﬁaﬂﬁﬁgg@tevﬁggbfk@%} %I@adgk%ﬁélégg% %ﬁ%rdggé%} n éq[tlﬁg rtféllegisea%%m t he

cal i per ichamging tiep eeoldgieal diropaties ob ¢hevirdectalle preparstiomsomiassingd usi ng a

moast erBAt MEIcpUoTh G Paganes AP PO are et V8RR Bbor at  on ¢ o
those obtai nedy@d ppe¥efrbd | fi8ssurd QaRiE YoM indl-didiaNgredstrd e pressure
within the intervertebral space of the disc) may be within the range of
approximately 0.5-10 atmospheres with the most preferred pressure range (as
measured with the pressure sensing unit 28 during the injections) may be
20  approximately 6-8 atmospheres.
_ Preferably, the intra-discal pressure should not exceed 10 atmospheres
to avoid the possibility of disc rupture.
For porcine and human discs, the volume of ribose cross-linked collagen
preparation which may be safely injected into the intra-discal space may be in
25 the range of approximately 0.5 — 2.0 milliliters. The injectable volume may vary
depending, inter alia, on the age and weight of the animal or patient, the size of
the injected disc and position of the injected disc within the spinal column, -and
.' on the degree of intervertebral disc degeneration present. Other factors may,
~ however also affect the injectable volume such as, for example, pathological

30  changes in the mechanical parameters of the annulus fibrosus. -
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intervertebral distance is assessed. The neasurenents of tH&Amilddohed
L1-L2 disc served as a control and as a way to estimte the changes in the
vertebrae and disc dinmensions due to ani mal growth. 25 Histol ogical

Exam naty,@psasbliest 0l 0gi cal Examinations was perfornmed gs.desmsd;ped

her ei nabove %or EXPERI MENT 1. Bi omechani cal exam nations e stiffness of
the spinal colum in flexion, extension and torsion, were 30 neasured
using an | nstyego4blesAHbpgat ed Material Testing System (commercially
avai l able fromTnstron Corp., NA USAi to which the specific I“¥ desi gned
attachnents wédagrodospastor@f thandises ang w@panxelnﬁsoﬁor@nwmﬁrﬁr@&h 28 17 Apri |

2006 YO 031049009 FCTi |1 Q0850 WEASW BHREISRbal 8RS aBLAElTA) i Sc

functiondl I novemnen | shed. These neasurenents were used
for assesicmgettatatirilispacy, af autdcipediabietl calipss - With&wip peintetyiérs. i n treating

degenerative djsc diseases in th ani mal | S. LE£ice, intact
T o vl e o s TiPle PRARER o cffiusafend o, | ntac
the sacr ifsbred imb the ToeHias WaS heshsBRUNETHG iriitiztion de theaDDD driveatbe t ebr al  bony
parts, joints, discs and |liganents wthout the attached nuscles and skin.

~ The col ulimesefgrasrifiangwiccaiosh At Giretimaof 3k eperglen MBEARUEPPMY @€ he col um
segments t%@@hﬁaef&:aré?@t ﬁ‘ger(cggf?lgztﬁé aRhuigs . At t%%QFn@ 8fsapficle R Epefatbed t hat
o diffe | I ts b

there is™ rence 1n nechani cal resu etween fresh and thawed
frozen sghepig thalughtthy same gnterpdated fappreachnvinie theranpalogamiid PRg  t he

ozen st 3 sam uiepdlsiotlepprs: ! st p _
dovi B oS R S, 1 et Bt SRaruPh e ol Bnf BRI i I 5%, o0 07

t? {rﬁasubg?m%@_ Ieffelcts of | oadi ng nodes (bending and torsion) on segnents
o] e vertebral colum two separate systens_were desigped th systens
wer e connect ebha 8ps pkthepalipesvers pat ingdRiholes tfﬁhw?%ﬁa&ﬁe%ﬁﬁﬁt orr)eltt ed

et L SRR B R oS RER S{  yplagel gy memeercial 1y
walls of the holes in the head of the screw, The caliper was then removed, re-

15 inserted and re-adjusted a few times until it was evident that there was no
change between the measurements due to the elastic effect of the caliper metal
arms. A mark on a sheet of paper was then made by gently pressing the tips of
the caliper into a paper. The distance between the marks was measured using a

_ caliber meter with accuracy of 0.01 millimeters.

20 By comparing the measurement results that were obtained during at the
first operation to those obtained at sacrifice, the amount of change in the
intervertebral distance is assessed. The measurements of the untouched L1-L2

“disc served as a control and as a way to estimate the changes in the vertebrae
and disc dimensions due to animal growth.

25 Histological Examinations

~ Histological Examinations was performed as described hereinabove for

EXPERIMENT 1.
Biomechanical examinations
The stiffness of the spinal column in flexion, extension and torsion, were

30 measured using an Instron 4502 Automated Material Testing 'System
(commercially available from Instron Corp., MA, USA) to which the specifically

designed attachments were connected. An infrastructure for biomechanical
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20 novenents are synchroni zed and continually fed to a Per sionsprild®fput er
(PC). Reference is now made to Figs. 4A-4D which are phot ographs
illustrating two configurations of the nodified | NSTRON Aut omat ed Materi al
Testing Wé}jﬁ&@ggbused in performng the bi omechanical 545 ts including
bendi ng,.  exi ng, and torsion experinments on pig spinal colum segnents
fromcontrol 25 animals and from ani mals having intervertebral discs

i nj ect ed WidsrdrhdiS € of ' RES-vetiepiatd dre! lfagfibnalith afe omsteaRNM Wasan

enbodi nent of the nethods of the present invention. Figs. 4A aqd 4B

i | | ust r atestablighesbsThasenmagswements piete $i5eddPr @SpeRsiNg dhey REACY (Pt he

confi gur gt.i f . T =hi : ; | : ' 0 of the
spi nal c%%%%l?lgﬁrg%ew@?l @9%§£§%§tlg§%g%ﬁé@??%ﬁ ||n etl’.agiglthéThe bendi ng
mr)]del syghismalinsodedssed on previ ous bendi ng neasuring systens, described in
the literatur Chiba M. et al., 1996: Mrnel stejn.LE 9. 17 April 2006
WO 037 049669 P97 FABBFDITES! gpinal a@@@pseemeytwgl@mq rerfibe earlTiJrctgl ly

connect eq stygerk hetrikNST e R GhcAifediAg.e TRS hafRBtddsdghtshts holudBd allwo 145
mllinmeters Iong arnms 53 and 54 are each _connected to hhe | NSTRON nmachi ne

through dhe orsebrhdionyi prjés, johes udisey andniigamenie | Wittt £hej pachgdr ¢ 53A and
a second par.eo sﬁﬁ?Thégéﬁﬁﬁﬂ’é‘ed}ﬁéﬁts@?@g'q@eb'fﬂiz@hyataﬁé"d.i Wy attached
al earing : e I near ball

to a |linear L bearing 52 is coupled to a -
| oad cel ltediiBgwthe hcolsmat segrhents t wetehalefobisiR(®leiras hehalbr1¥$e hgs. The first

part 53A of the arm 53 i s .mva connecte o.th 53B by an
ax| el®e ﬂﬁﬂ“&ﬂ@ﬂ%ﬁé%ﬁﬁ@efﬁés Qolﬂﬁ%ﬁn?eoln%é?m%%aﬁwﬁg} 'felgll’@%es%ggte Hg%khto m)ze up
and down 4ng thifed R6idrcdlindl icbR@risp Bn@ praparédfor ek@mpiatioe by rohueliting t he

| ongi tudi nal axis of the spinal colum segnent 55} such %Hat t he angl e

bet ween tie spiaat caamnsegmens af itk andsarith 538 plasfictemeyE o he BYREr arm 54 is
rigidly %%B.%&%S%i#fbs%% @%’t@ﬁ%%iﬂ o he | NSTRON nmachi ne. The arns 53 and 54
orce o

may t hus éxert a center e longitudinal axis of the spinal
col umm segnenieadureseeat 8ysiemglA) . The first part 53A of the arm 15 53 may

rotate at an angle to the horizaqntal ane to all | ._the spi nal
col ufm segmenﬁ' 8’:‘51_er %%@egﬁarevtgpte&%pgeoﬁpa&ﬁg @%&ﬁa@%gﬁﬁ%@g&gﬁ%’ht 55 are
fixed intp PAsdAtE of the vertebral column two separate systems were designed.

Both systems were connected to the Instron 4502 machine. The INSTRON

4502 Automated Material Testing System is a dynamometer with a load cell

commercially available from Instron Corp., MA, USA. Data of load and

20  movements are synchronized and continually fed o a Personal computer (PC).
Reference is now made to Figs. 4A-4D which are photographs illustrating
two configurations of the modified INSTRON Automated Material Testing
System used in performing the biomechanical measurements including bending,
flexing, and torsion experiments on pig spinal column segments from control
25  animals and from animals having intervertebral discs injected with ribose cross-
linked collagen, in accordance with an embodiment of the methods of the
present invention.
Figs. 4A and 4B illustrate the positioning of the pig spinal column
- segment in the configuration of the INSTRON machine used for testing bending
30  of the spinal column. Fig. 4B illustrates a part of Fig. 4A in detail.
The bending model system is based on previous bending measuring
‘systems, described in the literature (Chiba M. et al., 1996; Mafmelsteih LE. et
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cups 57 and 59 using 3 screws (not shown) and a hard pol yetliyAmie08ast i ng
material as disclosed in detail hereinafter. A 10 mllineter dianeter screw
(not-ﬁokagowm) was fixed to each of the plastic cups 57 and 59 in order to
attac ffsyal col um segnment 55 to the nechanical system The
vertebrae at both sides of the tested spinal colum sgg%gﬁh&gS are
enbedded within the polyethylene casting and thus are fixed to the central

region ofyt W@Qﬁuﬁﬁ{sﬁ%ys@ﬂ |S‘r‘tﬁecﬁ%£daﬁ¥rtgﬁﬁne?ﬁé@% (tﬁ@thQWRWN) maghipkt uated to

be at the axis ‘of vertebra's vement I's approximately at the
cent er obasdh@siseeerndrigebsAlddi Bos 165 mllilmet@“pllﬂm S@DBLﬁ%aEfééﬂ'eﬁlfﬁ 55). The

spi nal colum se f th

20 And 2840 CattelEEl to R STROM etk dfiohoh Reotey BT oo Poned - —P°

te)r(\ecent EFSEO H?@Sdgﬁﬁmmﬁhfla@es@ﬂrs%an mh dd\lSEE?iﬂ}hd)pardgaB.GO“hdescends, 30
arns an nove. one towards e ot her t i t, which

bendsSthéeW%?ﬁﬁBd%I"GW andﬁlﬁ%fﬁﬁitﬁ%edcﬁ%%ee% b "'55 ﬁnq@m °

dlrectlo [ 6
o 1 Loo asofG Rl 52 R R o & o S s Al 54 rove

one awayNSTRON: macbinkebridges 60t iThe flr$i partn$3énef he eFmbEhds mavabler t ebr al
col um of ﬁ%ﬁg&f}@ eﬁ&caélc?jggft%%%’rﬁp%l n 29’45 A \9 q’&rqctﬂhg %gté Hﬂ?’e gyay from the

_br| dge 6GoN ions(T1 eXi"on an ext be obt ai ned.
The 5 appbw etk fige partlssmnaauvedpd;nuamfwmnuyewbmchbameoneh|on5/0(|n ahe novenent

nmeasurenment in the s t. 55 d
ext ehdi om@rln@qu(-e&%r@nemﬁ m%j ST g@na@@vaﬁggwgﬁg ﬁfﬁ W20- 601,
from I nsgfon, Bé‘tweeWﬁh Eacﬁ)se,ATdPﬁtﬁéﬁﬁed)ﬁaﬁB@B oot @A @neter 62 are

attached to the teste rtebrae (L2 and L4) in the 10 novenent direction.
The upper arm“fﬁe fdmread‘treﬁéllarr@diy aachaesl tet thecehassisoof ther NSHRON2 and t he

vt o Rl SR UTREAORFA 8 08 B4 5 o e S g e

acqul r ed € a Stress
repr eSentaﬁﬁsldfm@épthéteoftmmeegmémlﬁs (€4 ElysHAp Tmnafsstr;mwaﬁsof(thearmhe

| S ﬁg%?f %,Sd%quy,agn?%poa{t ﬁagl %ggfqbg A@ﬁﬁﬁho?rggqlztgﬁp}ane }0 aljfow Eeﬂgmg o?the spmell? 'Ilustrate
column segment 55.

The end vertebrae of the spinal column segment 55 are fixed into plastic
cups 57 and 59 using 3 screws (not shown) and a' hard polyethylene casting
material as disclosed in detail hereinafter. A 10 millimeter diameter screw (not

20  shown) was fixed to each of the plastic cups 57 and 59 in order to attach the
spinal column segment 55 fo the mechanical loading system. The vertebrae at
both sides of the tested spinal column segment 55 are embedded within the
polyethylene casting and thus are fixed to the central region of the cups 57 and
59, while the screw (not shown) is situated to be at the axis of the vertebra’s

25  movement (which is approximately at the center of the intervertebral discs of the
spinal column segment 55).

The spinal column segment 55 is fixed by the 10 millimeter screws of

the cups 57 and 59 at an angle of 90° to the arms 53 and 54 and is positioned

- ex-center to the INSTRON bridge 60. When the INSTRON bridge 60 descends,

30  the arms 53 and 54 move one towards the other resulting in a moment, which
‘bends the vertebral column of the spinal column segment 55 in one direction,

towards the bridge 60.
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segnent in the configuration of the nodified | NSTRON nachi g Asd@0D6r
testing torsion of the spinal colum. Fig. 4Dillustrates a part of Fig.
4C in detail. The torsi on nodel is based on an arm 65 connected to a

r ot at abl to which the vertebral colum seggentehmed;s fixedly
attachefom screws 20 (not shown) fix the ends of a ver?e%rae col um

segnent to a poI yet hyl ene cenent casting, cast within the plastic cups 57

and 59 as dis %ﬁq e IRSHRON bridd2e6@ia8edide! theThens B9 op8 5MB0be ohé xedl y
attached to a |xe non-rot at abl e hol der 70 having a chuck at |ts end,
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machi ne creates a .torsion mept, op the, r able axle 67, and on the
verte'iora@if*‘EI!ﬂdlfﬁ‘ﬁ:es‘%&hﬁ‘@ﬁfJ %@)%B @ﬁﬂ}? IPﬂ%P%'[ * The nonent nmay be cal cul ated
by mul tiplyi ”ﬂwé heoRbhE REBuRdreinaRid isprhal CéchemAssegpasar 681 80 direct |y
by the load cell 50. The rotary novenent, given in_degrees, |[s cal cul ated

from t he conustashusisg aneemwmebﬁﬁd@?@mnersmyf%ﬂ@m S 8#@{%“& the arm
Jhen paPhlls0 S NR0T JARP MKl b2 AROTISR, Arher @8Rsobf Ahg curye MY

t hen be ed on dnd t'he “rotary novenent data. The
appl i ed tgieasiorietert 82 sarst atﬁ;chedetovxthehtestetdwertabrge hai and ddpdnribe  danage

t he exam ned vertebr al | utm s 9 | st
LE, ibogmayepieny é'reﬁw;lﬂ‘%eﬂ%[n r@?;\lo éﬁ%rﬁ)ﬁtﬂ%{ﬁb%ﬂ&ﬁ ggog ?‘taﬁrgpg& ;FF oﬁ o
net hod:  {8felrdNOArandeiHeEe ivth Al BiMhdaxtsngRwWRstell 62 ¢ Sattdehed toaher oom
tenperature. Muscles were renoved, w thout danmaging . |iganents, capsul es

ang di rs]cs;fertemwe LéindThe iecawresedata i pracreeed (ot ¢Paie d SlretfpradCi¥Png 3 screws
an a ar -
éz%)r{g%r%&\)éy&fetﬂg f%é%%%%f%&%ﬁ%%ﬁ%%éﬁeﬁéﬁﬂs abl eASehRlaryA- Kast  Mar k

fcorporati e A anster scrow was fixed
tO each @faiﬁablothtgsmAﬁCdTaﬂmnbekow)attach the colum to the machanl cal

to The ount rebsr cgForndral fistls Nenpatonad < 8% PO WA e ot " The
axis of Ghemedfin\thE EERiguratioRRf e iHodified IRE TRONAmathie ueed fur testinghe di sc.
torsion of the spinal column. Fig. 4D illustrates a part of Fig. 4C in detail.
The torsion mode! is based on an arm 65 connected to a rotatable axie
67, to which the vertebral column segment 55 is fixedly attached. Two screws
20 (not shown) fix the ends of a veriebrae column segment to a polyethylene
cement casting, cast within the plastic cups 57 and 59 as disclosed in detalil
hereinafter. The cup 59 may be fixedly attached to a fixed non-rotatable holder
- 70 having a chuck at its end, while the cup 57 may be connected to a chuck at
" the end of the rotatable axle 67. The movable arm 65 is rigidly attached fo the
25 axle 87. The INSTRON machine controls the movement of the arm 65 by being
| coupled to one end of the arm 65 through a load cell 50. The force applied by |
the machine creates a torsion moment on the rotatable axle 67, and on the
vertebrae column segment 55 attached thereto. The moment may be
~ calculated by muitiplying the arm length by the applied force as measured
30  directly by the load cell 50. The rotary movement, given in degrees, is calculated
from the movement of the INSTRON bridge 60 and from the length of the arm
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Tor si on Exam nation: A prepared vertebral colum was connedf7etpril@006 he

| NSTRON machi ne as di scl osed herei nabove and illustrated in Figs. 4C and

4D. The arm 65 is rigidly connected to the rotatable axle 67 having a chuck
at its chuck nmay be connected to the 10 m |} imghBdaessCr €W attached
to the Z‘g(%iﬁastlc cup 57. Thus, the axle 67 may be rotateB a?round t he

| ongi t udi naI axis of the Iunbar spinal cord segnent 55. One end of the arm

65 is congechageke sfr?ﬁ cumw&%@&ﬁn&ﬁ&l Iba8s® Bn thd RRfhehEhhd B The

| ength of the part of the arm 65 between the point of attachment of the
arm 65 t orofdrg mayathenéfiétas0 and the point of attachnment of the arm65 to

0| nded wi t 8- TRl P “fotsh Riap, A iy P 3Ge PN Hods bl n T
Fig. 40 ddrhaghetiet keamined( vbrehmi glolumis sédgnetieChibat NE abt H@96end of the

arm 65 at_a di stanc mJ | tersfromthe poi nt of attachnment of
the axl e Mampgs t?H’gLér 9@55rs Ck A, ﬁh begi nni ng of each test, the bridge 60 is

moved to posi jichahiRal @)Ea[ﬁ"ngﬁbrﬁﬁm{dboﬁ hori zontal orientation. The |unbar
spi nal col unm ™segnment 55 positioned between the chuck of the axle 67

and the chuck Rsepatagion mﬂmbrtherlwmaaxaberéebf@n a@ummowa%lfﬂwwqﬁ!efomﬁn I'1imeter

di anet er 3

PCT/ | L02/%&g\sg%%éﬁﬁdqgg'pgfaé&rgfg@ggaeﬁ %r d%&Pkl g\ﬁthgﬁn% the ends-

- of axl e Giganwhtd, hapshies ded didds. I'Bepert vsrtdyae Weee fixsl mitwplasfic tyes bridge 60
e JPogr ML S B hard BAERHISH CAYA OB G P GRS . of the.
arm 65 coRngst Fark 9, OAEGHA |r co%raﬁ’d?id USA)”W?OtnIiiﬂEmel?éﬁ dlafcPseew at a rate

of 180 mlllrreters/mnute (F he ot her opposite. part of the arm 65
has a congasifixed tmeadi p@eter@um ahomutmugttamtf@ﬂolumé todghe Hi@echaélcght attached

t hereto. t Xi mum | oad

| evel of @g&hg\ﬁ%)t%'sn ﬂ% %g&beegpt?Otﬁ 5?%lgtect eé t%?t%? O'&W%" B 50), the

I ESTRO\I nthemeﬁﬁallrregmgﬁshé bﬁp cwmlectn% en'oelzwf 1sn§ttumnd> befatlﬂhmamblofﬂ@e 60 and

t he rmrrent rel eased at the same brj noyenent rate (180

m ||l ilfe Y@WE{%F'@)’GWEF f, wh &MS%@@GN@M%&%@% monent is reached, at

whi ¢h pO' Nt thagsih ERbrhbktRh: FONRFER Wrdtha QiMSHEOchineteal b T ever sed.
the INSTRON machine as disclosed hereinabove and illustrated in Figs. 4C and

4D. The arm 65 is rigidly connected to the rotatable axle 67 having a chuck at its

end. The chuck may be connected to the 10 millimeter screw attached to the

20  plastic cup 57. Thus, the axle 67 may be rotated around the longitudinal axis of

the lumbar spinal cord segment 55. One end of the arm 65 is connected fo the

INSTRON bridge 60 through a load cell 50. The length of the part of the arm 65

between the point of attachment of the arm 65 to the load celi 50 and the point

of attachment of the arm 65 to the axle 67 is 250 milimeters. The other

25  (opposite) end of the arm 65 is loaded with a load of 20 Newtons by a suitable

weight (not shown in Fig. 4C) attached thereto (the weight is aftached to the

other end of the arm 65 at a distance of 250 millimeters from the point of
attachment of the axle 67 to the arm 65).

| At the beginning of each test, the bridge 60 is moved to positioh the arm

30 65 in a horizontal orientation. The lumbar spinal column segment 55 is

positioned between the chuck of the axle 67 and the chuck of the fixed non-

 rotatable holder 70, and the 10 millimeter diameter screws attached to the cups
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Five consecutive cycles were conducted for each test and tH& Alallallas 15
synchroni cally acquired and pooled by the PC, in order to present the
results in a Stress-Strain graph. Bending (flexion and extension)

Exami nat‘,{,(?&mﬁ“pr epared vertebral colum segnent (s 1Sk exanpl e,

t he spinal colum segnent 55 of Fig. 4A) was connected to the | NSTRON
machi ne, such that the sagital plane of the 20 columm segnent 55 is at the

novenent f f
I?Bag{nagw ard ?Sldﬁg Bglg-l{zﬁwﬁﬁﬁﬁ R4 ch368 alCPBfdrglr Gt N 6T ldndstheat ed in

Fig. 4B). col unm segnent 55 correspondl ng to the

f:ce;ahon é]ftdeniDoresnwavaantThﬂ positort of thﬂ"nbf\iw 8hat theglnaiohdePKINgHE two ar s

0 e e were fixed to the vertebrae in the novenent's
directio r%&ﬁé'%éféss%i?‘t ed with a |load of 35 Newton. The 25 Instron's

bri dge 60 wasTix ¢igs AROROMEOhInG SEasaprograsmaed toimi@® anodd i & 40ni nute, for

E?Pﬁg\it%”qﬁéﬁ%éﬁé‘éaﬁé%etﬁaa‘?ﬁt' cSweelshis at el ot ah 5 hiyRdbBecr on 1 ona

force of 3g,MeptRun A% @F@M miiive@ARMERUFIYECE Y Thesthernapgosttenduct ed and
t he data vva% synchroni cally acquired and @K}Fg\/ ¥ the 3 %%) The results

ver e premntcédh@armtaﬁdw@m@ﬁtantdgad/eém V@Qﬂ Aﬁﬁlng therras NS ©3M649669
PCT/ 1'L02/ 00 71*;8@%‘19 hep?qoafﬁ%e qgé%érﬁeﬂt%a%'ﬂémﬁ@ﬁ "feteR Smchewt on

| oadi ng il Lt OR net er noment wever, since this is
not a putige niEXiwh, lodditeval bfemiNeﬁmbmrtsem\mévetwede(ahdetetdmbyrﬁmbadval ues are

present ed. Each of sted I b

5 Cyel cs oBl Bibalte MV RNNHENT R BUFEFRM e eIt of SO MtV mum moment
of 5 Newyt 1§€e B0Ridethe - morpet! ik SelehsdEERE aME Bno‘@%@%'m@mtgﬁte/\(dﬁe enrol | ed
in the stu The allocation of the animals participati {nEPERII\/ENTB

| ][lt oht he niitimetergintoge) tetita 826 Newjor X meter MRS irpac&d] B WNISB| | ow. Each
and B, SHBE e araneR SRR ER S HEHRT RS B RElorbaRe, LTt Y b Storogi cal
exani nati on apgletdonsectitive sytlgs augpe Bofiductedfuyreach destcard ralatasason.
15  synchronically acquired and pooled by the PC, in order fo present the results in
a Stress-Strain graph.
Bending (flexion and extension) Examination: A prepared vertebral
column segment (such as, for example, the spinal column segment 55 of Fig.
4A) was connected to the INSTRON machine, such that the sagital plane of the
20 column segment 55 is at the movement plane of the arms 53 and 54 (See
configuration illustrated in Fig. 4B). Bending of the spinal column segment 55
corresponding to the flexion-extension movement of the column was thus
obtained. The two arms of the extensiometer 62 were fixed to the vertebrae in
the movement's direction. The test started with a load of 35 Newton. The
95  |nstron’s bridge 60 was programmed to rise at a speed of 180
millimeters/minute, for generating traction forces, untit a force of 35 Newton was
obtained. The bridge 60 then descended again at the same speed until a
~ compression load force of 35 Newton was reached. Five consecutive cycles
were conducted and the data was synchronically acquired and pooled by the

30 PC. The results were presehted as stress-strain curves.
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TABLE 3 Ti neHi st ol ogi cal Bi omechani cal After Assessnent Asses sitehpril @086

col | agen( Subgroup A) (Subgroup B)No. Injectionof Pigs

. _Experinent al Control Experi ment al Control G oupG oupG oupG oup 4 daysVi0 6
Mont hsV @%yjég V14V15- V17V18- V20 10 6 Mont hsR10- RL1,&pi dskesd; / and- 5
Spi nal . 15V, Ror U- represent the pig s designated group. Pig V10

was used to exanine the feasibility of

under the inmagg| e bd l1a5Ramh e @@BI nswtolﬁl lbasing GbRBS 34 17
Apri| 2006 ToBspOhEaRlie dnd ot s s ed co n vas Tnjected in 2
out of 4 redultshia de‘@;éﬂmvtaned nmtercmorrmtdl-bweas%recsmmgm Bl & PWEf erence is

now made to Fig S5A- 5 he spi nal
vert ebral™ %?'ﬂfnﬁ"'to% @%1 f?ffﬁ &u%éi@tﬁg}rﬁﬂén e I'n gﬁ\ggr%ée% Epam ng prior
5 to and afterEad¢H rofi-testated spinal weneh)‘él cbliose segossts underdeoblBl agen, in

accor dance th nb t of th th i |
pi g VAD, czcsé“ﬁflanE.a%er°?ceﬁ%%3@p%n¢feg%n§§@&r@pa L s
preparat|

&_tred into each of the intervertebral discs at the L2-L3
| evel e L3 L4 Tevel, using the injection systemillustrated in Fig.

3. The 10 prewﬂ/ﬂ_ﬁhe outlet of the syringe 38 (by the
- pressure Sensb@@een pIgS were enrolled in the study. The allocation of the animals

participating in EXPERIMENT 3 into the three groups mentioned above is
10 shown in TABLE 3 bellow. Each of the experimental and control groups were
subdivided info two subgroups A and B. Specimens obtained from subgroup A

I njecting cross-linked collagen

‘are designated for histological examination and those in subgroup B for

biomechanical examination.

15

TABLE 3

Time Histological Biomechanical

After Assessment Assessment Total

collagen (Subgroup A) (Subgroup B) No.

Injection of
Pigs

_ Experimental | Control Experimental | Control
Group Group Group Group

4 days V10 _ - _ )

6 Months V11-V12 V13-V14 | V15-V17 V18-V20 10

6 Months [ R10-R11

Epidural / and _ _ _ 5

Spinal U3-us

V,RorU- represént the pig's designated group.
Pig V10 was used to examine the feasibility of injecting cross-linked
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26 of Fig. 3) at the end of the injections at the L2-L3 | evidlApm®00he L3-L4
level was approximately 9 atnospheres. Figs. 5A and 5B represent the X-ray
i mages in the region of Vertebrae L2 and L3 prior to and inmediately after
the injgedhHRle@h ribose cross-linked 15 collagen intg-the,dodr a-di sca
space, respect@@ely In Fig. 5A which was taken after fﬁe I nsertion of the
I nj ecting needle into the intervertebral disc space of the disc between
vertebrag leﬁ v@é&n}éﬁ\%@ﬁﬁ otdif of H!Jo?mé QEyeRbrdtbe dREOSR-diddderd  col | agen,
part of tﬂe |nje tlng nee be seen entering the intra-disca

space fr dwereibahveye. The screws 60A and 60B are the cancellous screws 20

I nserted intogt t ' ; I n detail
her ei nabove. Ee%‘% %Q%Wg%?@plﬁegfﬁﬁ;gPﬁ@ﬁ@géﬁe\rﬁ)@ﬁﬁrgm%ge Eﬁét"@sskﬁdd

i mredi at ehy spihblevertebhst commmf Rig Vi ibystrating tret inteyvettebratispadihg pdors of ri bose
cross-|inked colla en vin centrati s of porcine

; it
ri bose crigdd atie QFF%d@ﬁg@% &?ﬂ S?Higoiszloq_k?glcr?ﬁ?%e"dll%ég‘#o (g?)r}f@e wi t hout
movi ng t%th%rgerﬂboéllhf‘en‘t SR MR b e pfiichbBvMBAENt i T e | nj ection and

I magi ng procedure. same screws 60A and 60B may be seen in Fig. 5B.
Figs. 5C and BDmeNéﬁen‘t5tﬁ‘dFII&EFﬁa@flwglﬁ@ |”h0§¢1e0rpé‘gl"élﬁdoﬁ3°lmel“ebrae L3
and L4 prior I | 0ss- | i nked
30 coll a&éﬁp%rhﬁ% t hﬁs%% éfgg%lﬂ&'rvlee@étgr%[ ngéﬁ thhé L@qusﬁl-eﬁiélc whi ch was

t aken af tad tHae Lenﬂené\nebnusn’ﬁg tthe injetet sy@emeéldb’eeatedlt[n Enge 3 ntTdfnever t ebral

? hféé?f’??per%?sfur%&%asﬂ@%ﬁﬁ f?%é’\f%% Ebhagr% %@éqeﬁ%/%gﬁfg%g@%ﬁ%ﬁ | LO2/ 00997

col | agen,oghaf figod) hie! éﬁde(eftth@m@@mls%t?eﬁe TRy 3levsiesn astiaringvehe
i ntra-discal space from above. "The screws 62A and 62B are the cancel |l ous

screws iwaseappsoiimataly sémosphgras. L4 vertebrae, respectively, as disclosed
in detail heg sn% \ﬁ% 5@{&%}?&%{ frYx P%}Ph‘%%e@ﬂhﬂier hro?\@ﬂelbr%e'leQ 5D was
0 appr oxXi :

taken i medi a I'nj ect’i ter iliters of
ri bose crgmisiBi ]ﬂui@dtccdnkiammmdahww mffen toerinjeotioratof ofbose @OssHimked it ers of

Do 5 haTes hhea S b Rep iy I 44 i Raglial space
after the insertion of the injecting needle into the intervertebral disc space of the
disc between vertebrae L2 and L3 but before the injection of the cross-linked
collagen, part of the injecting needle 38 may be seen entering the intra-discal
space from above. The screws 60A and 60B are the cancellous screws

20 inserted into the L2 and L3 vertebrae, respectively, as disclosed in detail
hereinabove.

The X-ray photograph illustrated in Fig 5B was taken immediately after
the injection of approximately 1.5 miliiliters of ribose cross-linked collagen
having a concentration of 35 milililers of porcine ribose cross-linked collagen

25  info the L2-L3 intra-discal space, without moving the pig or the imaging machine
during the entire injection and imaging procedure. The same screws 60A and
60B may be seen in Fig. 9B.

Figs. 5C and 5D represent the X-ray images in the region of Vertebrae L3

and L4 prior to and immediately after the injection of ribose cross-linked

30 collagen into the intra-discal space, respectively. In Fig. 5C which was taken
after the insertion of the injecting needle into the intervertebral disc space of the

disc between vertebrae L3 and L4 but before the injection of the cross-linked
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during the entire injection and i magi ng procedure. The scr disABRA0Md 62B
are 10 seen in Fig. 5D. To obtain an indication proportional to the
intervertebral separation (intervertebral spacing) of the L2 and L3
vertebr g, gifle@d the L3 and L4 vertebrae the distan IMRsn the opposing
vertebrae was neasured directly on the X-ray fil maﬁﬁ:ﬁe % di fference was
cal cul ated fromthe neasured 15 values. The results of the X-ray film

measur e”gaﬁag;eﬁf)f)aﬂ@io@ tﬁ@ﬂf%&tiﬂfj Fiekhie®d ffe) be 866h BhtéiRg itie ntBLdisekl bel ow.
TABLE 4 I na ntervertébral separation as nmeasured % change Level on X-ray

fil m (ni spaceetiomsabbes.or Ehe roens GrAT eed 28 @ itom cangelloug gl 7475 13 -
L40. 550. 85*‘3%6'@%9: ﬁéégﬁgfg?iiqf vERSal elbﬁ\zse]é/SBésEd?sd?oQ@Mﬁndee@m represent

the act udl*® e Intervertebra arations within the pig but
are propoetdigdbavet o these values. The results illustrated in Figs. 5A-5D

and in TABLE 4 above cl earl how . that_.i ntervertebr.al i n both L2-L3

and LB-L4 | evéi® 4 é’%?ﬂ%?éhﬁ‘f"’ﬁﬁr tgd "i"ﬁf(':‘ig S\g%s g%@ﬁr'%"?%@%@i“ﬁ&@gJ i nked

col | agen gidj;geétion of %@Eﬂoé(irﬁﬁéiﬁ 120Q81iMEHD 3¢ G966 LrbsSPirlked26qRGOA Four days
e

after ribose ‘cross-lin col 'agen adm ni stration, pig V10 s sacrificed.
The four hddigereeconcstratien of 3Adnilliiters of Reeing Bb?ﬁescmﬁ%g“'ﬁdo@\lﬁgg@ﬁ f or

hi st ol ogi.cal, e L, NatJ LSGl: el Sk wer e

ar ouped TS Ehe 4 Bt S8 SeRbe PGt LRI TARERBYR il hatife

hi st opat kiating teaéntiey aljectibh @and imbging proesiuvd Fhexorevws 624188t BRBEE or

bi onechani cal eval uation. The degenerative nodel was created in three discs
in the VfQ@Wﬂh'Bi@Ssubgroup, and in two discs the V15-V20 pig subgroup. The

hi st opat hol ogirgabpiandahi RAREHEN aporardl ugt tendnteivetebel cepptatived
(intervertebral spacing) of the L2 and L3 vertebrae and of the L3 and L4
vertebrae the distance between the opposing Vertebra_e was measured directly
on the X-ray film and the % difference was calculated from the measured
15  values. The results of the X-ray film measurements for pig V10 (in milimeters)

are given in TABLE 4 below.

TABLE 4
Spinal Intervertebral separation as measured
_ Level on X-ray film (millimeters) % change
Before Injeétion After Injection.
L2-L3 04 0.7 +75
L3-L4 0.55 0.85 +55

It is noted that the values in TABLE 4 above do not represent the actual
20  values of the intervertebral separations within the pig but are proportional to

these values.
The results illustrated in Figs. 5A-5D and in TABLE 4 above clearly show

‘that intervertebral spaces in both L2-L3 and L3-L4 levels were substantiaily

increased after ribose cross-linked collagen injection.
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by QL 2003. 10 In addition to the 6 pigs (V15-V20) in subgldugsilBi0Gegnent s
of the Ilunbar vertebral colums of two additional pigs having
appr oxi rq;a(; ely the Sﬁma wei ght and age, which were not operated, were
exani ne r mechani cs, and used as a second cont

049868
(non-operated, non-inject ed) for the degenerative dll{scgjlr%m 9#9 15 Five
pigs, (pigs RLO-R11 and U3-U5 of TABLE 3 above) are used for safety

eval uati on. Q{ayé %'Ftephgoﬁl&’rosﬂmm@@i dﬁégémhémirﬁsiratibnl pig V10t was dur aI
(spinal) space, the other pigs had an_ epi dural ectlon

‘parti ci psadrifiged.i hheirEREEENTaBd@ses Mﬁﬁmcﬁif’r‘f‘tﬁ% PF%SB%F%QFMI ti on and
di spl ayeﬁlsg) Qgiqearelfe%%lnﬁﬁb‘ﬁ a%‘a%'cfb%d REX rFHbB?é‘CG Nei ther 1inping nor

urinatio rve |na of the animls before
sacrificing. myenpliavo wmellgreupfadomtcEmp@rsubgr@upa Thigs nEdheift ddre t est s were

perforne tact, L1-L verte |

ot s afedned e firiaga st r R SIS Qo B a0 vt JEEE R 2 60! g
V16 of THRhfecRanikAl dRisfliaWdR. THeSdededetaliventbddbwes 3redidd imthnee discaj ected with
ri bose cross-linked porcine collagen at the fourth . nonth after the

i nduct i om tbe eV HopigIsubmoupigad ¥hine Wﬁ%ﬂiﬁﬁl@%ﬁé%@'ﬂ&?”&ﬂ%’ performed on a

non-operat ed yJ gnl?fb\?}éﬁg&lﬁﬁéﬁlarﬂ%lﬂ%cﬂé d@ai%\@lt@%hgmﬂ 86 coffpiéte®!l | (a

.non-operated pi g e same age and welight as the tested pigs). The-
“three coby@is2003c e tested using the | NSTRON machine as 30 disclosed in

detail herei nabo Five cycles l@a r erforned
 for Hhch of tﬁea¥£V%t%§?%§sP'gﬁ &BFL}@S ’%%ugﬁ%ugﬁy%%% ﬁc@glcﬁraﬁges of 40
Newt ons Yo Gkrtbbral bEhPB Ahlo e¥titionalQiys ahd apmnmmataymeysaxpen 2006 WO
03/.049669 PCT/ 1L02/ 00997 The results of the nechan neasurenents are

summar i zueighb aptgage, eI weghdiof APYIAIRG: Were ePS@B’L’FP‘iS ‘UelP'BWe 'Frence is now
gﬁ?\?egorgbg s A8 W5 aé&\t@(fdglguﬁr(ﬁoﬁ  Cnorfinfdehsy) | for upkr at i ng

_ tlng exanp ts o 'exion 5 experinents performed
on di ssegbgéhepatiyel dishmodspi ne col um segnents from control (Controll) and

expe55i mental | ¥Né rp?g?é e(SngE lgf(}-ﬁmga VEJQ lf’éqgf W\%A.E @'a@) E].f)6are used for

safety evaluation. Except for pig R10, which was injected in the intra durai
(spinal) space, all the other pigs had an epidural injection. All pigs participating

in EXPERIMENT 3 were generally in a very good condition, and displayed a

perfect neurological performance. Neither limping nor urination problems were

20  observed in any of the animals before sacrificing.
Exemplary results from Experiment 3

The mechanical tests were performed on intact L1-L5 vertebral column

segments harvested ten (10) months ‘after creafing the model of disc
degeneration in pig V19 and pig V16 of TABLE 3. In pig V186, disc L2-L3 and

.25  disc L3-L4 were injected with ribose cross-linked porcine collagen at the fourth
month after the induction of the model DDD. The same mechanical tests were

‘performed on a non-operated virgin vertebral column of a pig designated

control 1 {a non-operated pig having the same age and weight as the tested
pigs). The three columns were tested using the INSTRON machine as
30 disclosed in detail hereinabove. Five cycles of loading and unloading were
performed for each of the three harvested columns at the physiological ranges

“of 40 Newtons X meter in flexion and extension, and torsion. '
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having intervertebral discs injected with ribose cross-I|ink€dAmdl208gen, in
accordance with an enbodi nent of the nethods of the present invention. The
graphs illustrated in Figs: 6A-6C are force versus di splacenent graphs. 10

In the Figs. 6A-6C, the vertical axes represghitoddis-force acting
on the g{g??nﬁ@%&%i n Newt ons) and the horizontal axes repregént 7t he

di spl acenent of the arns of the extensioneter 62. The graphs illustrated

in Figs. GWﬁghéhﬁs%l’ﬁ% Qéi%idé‘?ﬁ%%ur@hﬁﬁlt@&%@mma&feﬂﬁﬂﬁgsl BAlgFe graphs of
Figs. 6D 6F, the vertical axes represent the force (in 15 Newtons) acting

on the arandds TAGE®—TABLIOYbalewt of the bridge 60, and the horizontal axes

represent t | spl ac n h ri . ' | t

ar Ei traril yﬁgﬁgéric%t %sﬁpﬁeltnsgéitbi %HQ'OP ﬂﬁe%}c‘%\g? %Bé}gé E‘MSC%e"gﬂ?ﬁfﬁge nof

t he Itest graphaeasilluét::atﬁgg.zcw&sh tr?_presan’a‘r@ wan?ﬁ?sleseﬁtrasbhs Foir clexiasr sus f .

Di spl acenent .data fo the five cycles of flexi.on neasur nts perforne

" e s s pRTTarmio ohaissesied B | iaeg seine FoPngRearia BAF e o0

repr esentednfig (%Hn%n\yeernatbap@ﬁﬁ@h%?%med_ Klgd igev16h@diV19, gya/es of

fl exi on neasurenents ' perforned in the spinal colum fromthe pig V16. In

Fig. 6C, hav&lgcdmesfemagrai eflises eipiectede Wilhr diboser si@ss-ligkesh | QlGRWt Ndat a f or

the fi 1 exi ey ; i nal I
STt Sl it o A TR Rt st g, Spinal col umm

fromthe P acenent values are given in centineters. :
Turni ng to Fhegraphs iluwtratad mdigd GAa8C the éwcp zetssis digpdaceingot graphst 80A of

the curve 80 is typicall | y horjzontal or s.a relative shall o
sl opd? whn &he QW@BFé’g&'ﬁss 6%&&3@%%//8@0@;3%@3ﬁa?rﬁaeratBF}%)f(qrgg a8€ngle‘gv& L@%si on) i \r/]v
whi ch t heyRpes (i NeviBns Carfef tha HopkavithVled répRisknf PEGEspIR®MENS of thea
relatively |ar g-'e%vertebr al displacenent, representing a relatively |arge

fl exi on carmexf Sresexsangiemetes 62pi nal col um segnent  being tested. The side
631 040660 P I Bolbal e i 3™ SI7BE CRE N RS s oot 200 e
regi ons tdrapteppin thetdgraphobf FigsgeD-6F, the eertiealcaxesadpesent thadorce (m _
degerar aigronR NG Bran o g€ o Hrapibrhentet e SpEE afiosd t °7 Y 1
harizontal axes represent the displacement of the bridge 60 (wherein zero
displacement arbitrarily indicates the position of the bridge 60 at the beginning
of the test cycles.
In Fig. 8A, the curve 80 represent the Force versus Displacement data for
20  the five cycles of flexion measurements performed in the spinal column from the
controlt pig. In Fig. 6B, the curve 90 represent the Force versus Displacement
data for the five cycles of flexion measurements performed in the spinal column
from the pig V16. In 'Fig. 6C, the curve 100 represent the Force versus
Displacement data for the five cycles of flexion measurements petformed in the
25  spinal column from the pig V19. The displacement values are given in
centimeters.
- Turning to Fig. 8A, the curve 80 has three parts. The middle part 80A of the
curve 80 is typically nearly horizontal or has a relatively shallow slope, which
~ represents the region of bending (flexion or extension) in which the application
30  of a relatively small force results in a relatively large vertebral displacement,
representing a relatively large flexion or extension of the spinal column segment
 being tested. The side parts 80B and 80C of the curve 80 represent movement
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5 spanned by the (linear or nearly linear) mddle part of tlfeAfdr2066ver sus
di spl acenent curve increases as conpared to a conparabl e non-degenerative
disc. In Fig. 6D, the curve 110 represent the Force versus Di spl acenent
dat a forwohm%&gve cycles of torsion measurements perfaqy, gbgd the spinal
colum fromthe 10 controll pig. In Fig. 6E, the curve represent the
Force versus Displacenent data for the five cycles of torsion neasurenents

perfor mafeg{iﬂwest @ﬁé DAk !é@bss%@,ﬂh mﬁ‘cmﬂegio\v{%@he bﬁpilﬁbﬂon 6Rargdne curve 114

represen ver sus pl acement data for the five cycl|es of

t or si on lfmeemalenmﬂdsdp@irﬁdcerecﬂisnlﬁqeﬁ@ntﬂiﬂnﬁaffh%'ﬁi‘!%‘ﬁ‘lrﬂgﬂb‘rﬁ%é tb?g V19. The
di spl acenent val ues represent the 15 di splacenent in centineters of the
bri dge 66”?"?5‘%{ an arbitrary zero point representing the position of the
bri dge 60 atypidagly,begieunegatiod ihfeeverstiral discs,diheclange dfi displeceanent

h i nab . T [ to Fig. 6D, . th 10 t Lspl t
of o beverined 69 T dinear r pebh Ted M ek R B8 (PRl NEEEE Pore: on i n
the | U”bfafsg&g}eﬁ%:glt 83&g%ﬁ%rﬁﬁ§b§§£6&ﬁbaﬂéﬂitﬂga t@ab@ebleasordlienesatitei n det ai |

her ei nabov e spinal colum segnment is fromthe controll
pig). TAHISE. 6: Measurenents of Torsion (range of displacenent) Pig

desi gnat i 0B dag, O S0l AECRNlef AROP e Fhrco yERE TG HalBich V1919, 4 25

The neasur torsion test_s shown in TABLE 6 were
per f or meghefiveacyeiist of tbisnaneastseridiils peifarmaedinithe spinaeaiuran Bamheri gs. 6D,

6E and 6F, ectively  F f th 11 ] , 1
poi nE& ool Bl TG SEeARg 1 e PavAas FOF R e 1% e

begi nni ng, rEH@fi\F‘é‘&r s of 36ksioRanédturémb Rt Pepdraad inetheepal cmnf i ed and
mar ked on the curve. e values of 39 17 April 2006 WO 03/ 049669

PCT/ | LO2/106030e diig oY & erfantigoBFt Hee mungyd 10repersenh e Rafee Y6T$Ps (the
Ipf): Egts r :r [%n%q@«?rg\gé@o Q)Ir m&n@v(fc%\’e[%ﬁoefft(?lrsiotnnﬁeacﬁff@mgﬁts‘ﬂe‘?l’ofrﬁéfd f the
spinal column from the pig V19. The displacement values represent the
15  displacement in centimeters of the bridge 60 from an arbitrary zero point
representing the position of the bridge 60 at the beginning of the test, as
disclosed in detail hereinabove.
Turning to Fig. 6D, the curve 110 represents the displacement of the bridge
60 versus the force loading the arm 65 (to induce torsion in the lumbar spinal
20 column segment being tested, as disclosed in detail hereinabove (in Fig. 6D the

spinal column segment is from the control1 pig).

TABLE 6: Measurements of Torsion (range of displacement)

Pig designation Bridge Displacement range (cm)
Confrol1 18.8 '
V16 184
V19 19.4
25 The measurément of the results of the torsion tests shown in TABLE 6

- were performed on a parts the curves 110, 112 and 114 illustrated in Figs. 6D,

BE and 6F, respectively.
For each of the curves 110, 112 and 114, fwo poinis on the curve
representing the reversal of bridge movement at the beginning and the end of

30 the third torsion cycle were identified and marked on the curve. The values of
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di spl acement axi s and the bridge displacement range was detl@rApried0by
subtracting the displacement value at the point corresponding to the end of
the 5 third torsion cycle fromthe value of the displacenent at the point
cor respQuihiAdossd © the beginning of the third torsion . BLE 7:

Measur enent s 0145 fl exion and extension (total range of g@ﬁqeaa;?emnt). Pig
desi gnationTot al Extensioneter D splacenent Range (cn) Controll 2.0 V161.8
V191. 66 & in® (ihd Boi L0t aRSwR¥heNsi on
Costs sHTIteTEpRRtbEpiae B0 fbr ficse o boinfy (he Bonkeigaior S thI00. ¢

i | | ust r attieel dunvesFifaystheb Aaké BfaddritgCpf iillasivation) veerg. dptermisgdhobfthEhe curves

80, 90 an 00, The foll gw,ng procedure was S t .erm.ne the total
ext ensi oﬁg?pi?cemeé‘ﬁla&%r?@ﬁﬁheaﬁﬁgge %ol%qe&e@&d’%gg¥sﬁg%>g%ltegﬁ]@éfn P gr t he
particul @ub@é@tﬁ?ﬁ'tﬁe QispiiternBalné afite pdiRt coftesponging ¢o fiegendséf thet he poi nt
85 represents the average position of the five points representing the
][ever al third {orzionpydde froanthevalisy tam fisglaceheniatige ppint ﬁ%r%’e%?lo@a'é‘goneter 62
for eac af; [ i the upper |eft quadrant of the graph
|II-ustra?%g¥ef¢1€gf8{iiq gﬁhrgﬁp{iﬁds@rlﬁ%rg?‘fd;/@ the point 87 represents the ave?agg
position of the five points representing the reversal of the direction of

novenent of [ of the. extensionet cle of the five
cycles in t%ﬁﬁ%%ﬁeﬁgﬁp%@%ﬁpn&m F‘[xﬁéé-'sg)%a@%%li r%ﬁ@%? fr:th ed in Fig. 6A
- The posi ti ofisgihcdriéntpoi nts 85 and 87 was visually estimted. The
di spl acenent __values corresponding to the horizontal 25 axis—cgqordi nate of
each of the [poi ntRiggssignati@y wer ¢ dépial kigasiometar QisRIaceE  df the

di spl acenent| for point 85 was subtracted ergh$é"| n‘ﬁi spl acenent| val ue for
point 87 to jgive the value of the total extens ofrcet er_displ acgnent range
for the 40 U7 April C2a6611WO 03/ 049669 PCT/ | L0220@0997 curve 80 jof Fig. 6A
Thi s val ue repr_e,se,n.tﬂsv%—shef t ot al {nen-+-near) r,?\rége of

V19 : 1.66

10
The measurement of the resulis of the flexion and extension tests
shown in TABLE 7 were performed on the curves 80, 90 and 100 illustrated in
Figs. BA, 6B and 6C, respectively.
For each of the curves 80, 90 and 100, The following procedure was
15" used to determine the total extensiometer displacement range. The procedure is
explained for the particular example of curve 80 of Fig. 6A. Turning to Fig. 6A,
the point 85 represents the average position of the five points representing the
reversal of the direction of movement of the arms of the extensiometer 62 for
each cycle of the five cycles in the upper left quadrant of the graph illustrated in
20  Fig. 6A. Similarly, the point 87 represents the aVerage position of the five
points representing the reversal of the direction of movement of the arms of the
extensiometer 62 for each cycle of the five cycles in the lower right quadrant of
the gréph illustrated in Fig. 6A. The position of the points 85 and 87 was
visually estimated. The displacement values corresponding to the horizontal
25  axis coordinate of each of the points 85 and 87 were determined, and the value
of the displacement for point 85 was subtracted from the displacement value for

point 87 to give_the value of the total extensiometer displécement range for the
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di spl acement under the experinental force used. For the cunvesprQoemd 100
of Figs. 6B and 6C, respectively the same neasurement procedure as
d:csclhosed in detail for the curve 80 of Fig. 6A was 5 used, and the val ues
of the ensi onet er di spl acement range are giV, BLE 7. In
TABLE 8%‘5@”04%% he results of measurenents of the m éIlL{r;\Emgg-glAy | i near
{)/zigt 01(‘j tggngl uppernost and | owernost flexion curves for the pigs controll,

an i€ Ll ,Th?srgﬁg fraN OfnofllimBRAC tofi s given in
10 centi Heter . %EFG%%E % Ex%ien?lé@;?gfgﬁgat eﬁﬁ?lo(r?gﬁei?@ fiaageTo ’
desi gnat dﬂ;placembatemﬂeltthaaxgerimemtalfgm%uﬁ@dent range for Upper cycle

portlonsLomer cy e ( 8

V190. 660. 62 THY el g il of FlasyPRA g B J5ehesh ¥ 8302 c s on
t Ielst st S h?wgsu:reimgwﬁ@r&e‘auv@ie diBEl’ofseg nredetail fohtheccurve 8084, Fi@GAmas 100
illustrated in Fi and 6C For each .of th
curves sosed@ngdibe Yﬁb'esloﬁg’ef@al?cﬁﬁeﬁ'@'oﬁﬁ% e‘fi%ﬁ@(’%%ntdgw aﬁe&"é?é‘t'ﬁrm ng t he
ext ensi o Ai spl acenent range for the upper and |lower mddle portions
of the nearly I'i near parts of the experinmental curves 80, 90 and 100. The
g/ra\oc_(la_dure i s~ lexPABLEEY bitaw, tthe rpaultsi efumeesusemamte obthe widdegtpaty Fig. 20

ur ni n to F| |

forcel/ di é' hgﬁpghﬂéﬂ%@ﬁ{) 8%??]8%|&9m%§n%§§é%%ﬁ %bs{?(?ﬁn%)tl ed fromall
five cusme em&ir W@nﬁesﬂéé‘th)elyn atdehawrperhegamgeadf ditglacamerd i8@ivesiini | arly, the
| dlsplacenent range over which the force/displacenent curve was nearly
linel ®EBUUSEHFal |y estimated fromthe four curve portions 80AL in the
| ower part-piptgg. 25 curve 80. The first cycle portion 87 was ignored since
it represents part of the 41 17 April 2006 WD 03/ 049669 PCT/1102/ 00997

Pig Extensiometer Extensiometer
designation { Displacement range for | Displacement range for
| Upper cycle portions Lower cycle portions
(cm) (cm)
Control1 0.56 0.54
V16 0.6 0.58
V19 0.66 0.62

The measurement of the results of the flexion and extension tests shown

in TABLE 8 were performed on the curves 80, 90 and 100 illustrated in Figs.
15  6A, 6B and 6C, respectively.

For each of the curves 80, 90 and 100, the following procedure was used
to determine the extensiometer displacement range for the upper and lower
middle portions of the nearly linear parts of the experimental curves 80, 90 and
100. The procedure is explained for the particular example of curve 80 of Fig.

20 6A. Turning. to Fig. BA, the displacement range over which the
force/displacement curve was nearly linear was visually estimated from all five
curve portions 80AU in the upper part of the curve 80. Similarly, the
displacement range over which the force/displacement curve was nearly linear
was visually estimated from the four curve portions 80AL in the lower_part of the

25 . curve 80. The first cycle portion 87 was ignored since it represents part of the
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first cycle of the curve 80 at which the hysteresis behavi d7 Afrilt2086 cur ve
80 has not yet stabilized. The displacenent val ues corresponding to the
hori zontal axis coordinates corresponding to the average end points (nor

shown) q{, B{)‘ﬁg(’%oup of the upper 5 nearly linear porI;éT%O WgHP 80AU ver e
visually Q&R ned, and the range of the nearly |inear extensioneter

di spl acenent over the upper cycle portions was determ ned by subtracting

the val Uﬁrsp&gfﬂggf R BY ofihRhaRe WpBterestl URNbUiOMD! hRGLMA) Bhad t he

remai ni ng en I | arly, the displacenent values corresponding to
t he hor i nonehbiabilized.coor di nat es corresponding to the average 10 end points

e Gacom: oing ASHCRHEn ool B dito e hoRG RS doBUiskiBY P SOAL

were determn range o ['I near extensi oneter
di spl aceprdsponeing tibehe ppemge ol eopts (narshowa} otithecgravm etitheyuppebt r act i ng

the end point displacenent_ vglues as djsclosed herej . val ues

t hus Sobt B#&dINeAE PSR GFOYA-RD H&%’eafsua|'ié§?‘388'ﬂsa’ta’}do‘{ﬂg? %ﬁ/eq% (fgnﬁearl y
l'inear in&H iorRBleh & yHERt BVEE MRS tuppBe eycit hortonsewasrent al

force u&%@gé%h@%ﬁl%@geg?%%eloo of Fi gs.ngB a?nd fgﬁ) rea,%epgtivel y, the

same nedstereimedtbypsubieding thesvalie of are @nfl pointidisnlagegery yallg 80 of Fig.
6A was sed, and. the yal t a ; dirsp bnff QAIUESE nearly

. l'inear n&@dl‘"@luﬁooﬁ i‘@ﬁ J%%Sﬁ@%&ﬂsﬁcg%{ét g?lﬁ'(ylgé 1 g%ekr#% %E%gnae Wgre det erm ned
for the ypmsdpondihg tbanemogzentpisaxig coerdinatgocerespondisg dp e e¥&r@g or curve 80

her ei nabove and the val yes obtained.are,given in JTA -ab It can be
seent® haEnd moins j(Bomshawmy 't eaﬁ{PUFan?‘é?é‘ﬂ%%’ %%qr&elg}?%ﬁgﬁpglr }Sg% results
of pigs M&Rha\@% ViQteriRd e Rl rafjd P Bk h&RWanémbesaknsiohatens of 25
pi gs V16 an I'S e[

ess than that for the control Bi %ﬁé&lg C%Rtl‘m ). For
the fl exidisplaaemienkvearstheippeudycle ppaionangs datermised Q¥ SYRWRCUNG e he  col um
of pig V16, is.slightly |ar i ontrol pig (pig controll)
and t he®B¢ QBinig@ﬂ%ﬁ?X\eﬁﬁ@ﬁSoérsh@ﬁ%l&c% I?Jér)rréméggvr{éént of pig V19 is |arger
than the di sphaganestthisboeined rédresqitghe cangolof disptacpmgni/ie.thdhe range of
instability as 30 is neasured b he | ength of the |inear m part of
t he Burvesaisiingareniddie fegﬁﬂgcgrsprrﬁﬁ B?'ti”\'?l'%oi’?{ﬂﬁ“tt%’ﬁ@" the ?’Weemc’%ﬂaﬁm | pig,
and is ey§he Iugécg_er in pig V19 than in pig V16. 42 17 April 2006

| For the curves 90 and 100 of Figs. 6B and 6C, respeciively, the same

measurement procedure as disclosed in detail for the curve 80 of Fig. 6A was

used, and the values of the range of displacement for the nearly linear middie
20  region of extensiometer displacement range were determined for the upper and

lower groups of curve portions as disclosed for curve 80 hereinabove and the

values obtained are given in TABLE 8 above.

_ It can be seen that there is no significant difference between the torsion
results of pigs V16 and V19. The range of motion of the vertebral columns of

25  pigs V16 and V19 is less than that for the control pig (pig confrol1}.
For the flexion and extension study, the range of displacement for the
column of pig V186 is slightly larger than that of the control pig (pig control1) and
the displacement range for the column segment of pig V19 is larger than the
- displacement ranges of the pig control1 and pig V16. The range of instability as
30 is measured by the length of the linear middle part of the curves is somewhat
targer in pig V16 than that in the control1 pig, and is even larger in pig V18 than
in pig V1. ' - ' '
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WO 03/ 049669 PCT/1L02/ 00997 Fromthe clinical point of vied7tAred@06esults
show preservation of flexional and torsional mechanical properties of the
colum of the pigs which received the therapeutic injection of

cross-1i lagen into the intra-discal space of ggenerat e
| scs, SRR by

di scs. | exion and torsion results shown above an ustrated in
Figs. 6A- 6F indicate that in accordance with an enbodi nent of the present
i nvention, i tpgRPhelfinie nh'o? vieW thB&E ARRHS ERGW blesBhrE6N bﬁfl@ﬁodaﬁ?aSt some of
t he nechanlcal properti of degenerated discs in a mammal i ntra-disca

i nj ect i oandtorsinnali mqacﬂwwal propediga oathiegselynn ﬂfﬁ'@é&*‘c\ﬁ’@%fﬁﬁ'i‘l@éd %ol l agen. 10
EXPERI VE 4Th|se eri t tion

bet ween HsepaiteduteBRi Tioke iy BFtegRhiiRg o ShdIf Ml o7
pressur egugdridratetdisesi nner  di sc space of the disc 30 (Fig. 3) at the end of
the injectron of cross |linked colla 5 Three v nunber ed as
Pig 15 Pig 2 aH# W’@@?n‘i}ﬁwfﬂﬁ re rsg‘?}”ﬁrﬁ eV apﬁéil@hﬁ%dﬂﬁiﬁé%f 685 Pig V10 of
EXPERI MENF i3y \35’(69(h§taﬁréécbfb%ﬁce wihearl EmBaainent befcapresohiunventioh, il | three
wer e harveste I scl osed hereinabove and the discs at the L2-L3 and at

the L3- Layf be@oaabbanuoatherap@utt@:ﬂva:re%ﬁwemﬁl%@ﬁeme aelhe MEFRRIEH with 1.5

milliliters of pQ r S 0 I C e
pr epar at P[ﬁ'ﬁ’eﬁtﬁ? ﬂ]{ %3 eﬁ%t%ﬁtdﬁ% i O 0@55{5.&41 nﬁ‘gardaéﬁfrhjﬁuoﬁ %)12?41 of PBS. The
~ system 2ﬂ1jé¢téblel§)téﬁﬁdmloi riboge c@bs%bedj&ﬂ[dgémr performng the injection

and pressure neasurenments as dmdet ail hereinabove. The pressure
at t outlet of the syringe 3 ed as disclosed 25 hereinabove

by the pr essuﬁ'ﬁsféi@%hr‘h%n!"ﬂ)a& otk d -to Metdnind ehee Relattdn b&tveknjtheti on.  The

pressure in the I sc space was neasured as di scl gsed herei nabove by
t he presgprssuscatthegutietiaf tIEBSS(I‘F\lg 333Fica ) end thenpressure pathindh@ngsn. The

oS hr®) sk SR s BN Ut Ghe A R hiefor Bf TARKGirRedel 0w 30 43

collagen.
15 Three virgin pigs (numbered as Pig 1, Pig 2 and Pig 3) having
approximately the same weight as Pig V10 of EXPERIMENT 3 were sacrificed.
The lumbar vertebrai columns of all three were harvested as disclosed
hereinabove and the discs at the L2-13 and at the L3-L4 of each lumbar
vei’tebral column segment were injected with 1.5 milliiters of porcine ribose
20  crossdinked collagen injectable preparation having a concentration of 35
milligrams/milliliter of PBS. The system 20 (illustrated in Fig. 3) was used for
performing the injection and pressure measurements as disclosed in detail
hereinabove. ‘
The pressure at the outlet of the syringe 33 was measured as dlsclosed
25 hereinabove by the pressure sensing unit 26 (Fig. 3) at the end of the injection.
The pressure in the inner disc space was measured as disclosed hereinabove
by the pressure sensing unit 28 (Fig. 3) at the end of the injection.
The results of the pressure measurements are summarized in TABLE 9.
below.
30
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WO 03/ 049669 PCT/|L02/ 00997 TABLE 9 Spinal Level Pressure dff Amuill2806 of
Intra-discal Pressure at Of injected syringe at the end of the the end of
the injection discinjection (Atnospheres)(Atnmospheres) Pig 1Pig 2Pig 3Pig
1P Pig %Yggggldq%glow. 5a L3-14109116 The results in TARLE, D, Abgve i ndi cate
that out pressures in the range of 9-12 at rmspheres.rlfaz;i 292 used in the
i njection system 20 of the present 5 invention w thout causing disc
rupture. Tﬁﬁiﬁé)pl i cation of such pressures at the outlet of the syringe 33
resul ted e developnent of intra-discal pressure levels wthin the
range of 5.[5-Spifaldkvslsgher Bressite dtoutiettald t hanirawliscabPieapwetat ons per f or med

I n EXPERI MVBENT 3 and , EXPERI.VENT 4 en,.a 22G.needl . or injectin
the int eg\ée&t ggffnéﬁ"’tecio di Yygege ?ﬁ"?@é@\ga@gﬂ?ppl ﬁ@& e?@ cﬁﬁli@f‘ng—%ﬁ%g Of theJ °
syringe I d e exceedipiaforNeWhessherés) al |t h@saospipess)nent 5, ther

no observabl e Ieakcaae gf the _inj ngde pér')nqq-l_i Sl{ rlof'-n! | aflen miit eri al ef ‘f’gfn
t he p;)l gt dpf entry Ef th@i@2d nBigi2e | Piad [ H9AnfuPies? i B193us of the
injecte |lse—furtherApre-—artet st e T ect TgiE~ T[EEGi € i {hdrawn from
t he disc (aJt t elrrdbl of tﬁg p esggre injgect OZ'SOf thg’I 15 cglslMa en

preparation), pg IlEepkage aph the apl | ggem prepagatijon dras| obferyed fromthe

punctured rlegion of the annulus fibrosus, indicatilnga-goedseal of the

puncture nade by the injection needl e which prevented | eakage of

ntra-di scal |y, L0 GeYeSARRESY ity iTAIEEGRA duiicPhrekbres PRIG g s di scl osed

her ei-nabove and’ _ rawi ngs I ndicate that the
I nt ][ a- dlb|$§>13@|-12 ainesdpheresofnag rhes aséd inkthe: infedtiay eystepr 8fofdhe grigsenind
refera reparati i ni i i '

P 5 in&eﬁtionpw{thodt%gﬁsiﬁg g?s%lrﬂflatﬂpe. ! -ﬁ]leegé&%la forl Sfcé{[&ﬂtﬁréé‘sﬂﬁ& at the

outlet of the syringe 33 resulted in the development of intra-discal pressure

U7

levels within the range of 5.5-7.5 atmospheres.
It is noted that in the injections performed in EXPERIMENT 3 and
EXPERIMENT 4, when a 22G needle was used for injecting the intervertebral
10 discs, the force applied to the rod 35 of the syringe 33 did not exceed 450
Newtons. In all these experiments, there was no observable leakage of the
injected cross-linked collagen material from the point of entry of the 22G needle
into the annulus fibrosus of the injected disc. Furthermore, after the injection
needle was withdrawn from the disc (at the end of the pressure injection of the
15  collagen preparation), no leakage of the collagen preparation was observed
from the punctured region of the annulus fibrosus, indicating a good seal of the
puncture made by the injection needle which prevented leakage of intra-discally
injected material. _
The results of the experiments disclosed hereinabove and illustrated in
20  the drawings indicate that the intra-discal injection of cross-linked collagen
preparations, and preferably preparations containing injectable reconstituted
atelopeptide fibrillar type-l collagen cross-linked by D(-ribose (or by other
suitable reducing sugars) into one or more discs of the spinal column, may be
used in human patients as a therapeutic procedure for treating human patients
.25 presenting degenerative disc disease (DDD) symptoms, or as a preventive
treatment in patients which may be expected to be susceptible to DDD. The
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atel opeptide fibrillar type-1 collagen cross-linked by D(-)l7iAm8@00@r by
ot her suitable reducing sugars) into one or nore discs of the spinal
colum, nmay be wused in human patients as a therapeutic procedure for

treati ngwgbgmgﬁpatients 25 presenting degenerative di Cr/ ha®ase (DDD)
synptons, Or as a preventive treatnent in patients i ch may be expected

to be susceptible to DDD. The 44 17 April 2006 WO 03/ 049669 PCT/|L02/ 00997
| nj ect Og}rj&%ﬂ%e{’%\ﬂ :%%YLb%eGsed,ﬁﬁt%r afthi B inhroldTRF QU&toR! oh€ Bk WigreOne Or nore

mechani c properties of the spinal colum including, but not limted to,
t he - di stweuhenioal ppaeitieg tetheesninalesalempn deciidingk by nehlmited éat B8 di sc(s),

the flexional and/or torsj I | I i f Skknal col um,
or other dl‘ﬁi\wgrﬁrcsé’lac@g&FM%%%&%%%@@?E&@%@%idgs(%::gsg')th%:ﬂg)g? R%]he spi nal
col unMm  ofankifee tdrsiohavhectBiedal ptdperties\of dse shisall colusth, e oéien meahamiealused |, i nter
alia, to increase the height of the ati.ent I ncreasi ng .t | stance

bet ween tHPeaS @’bﬂ'@emﬁcﬁ‘i’k‘#‘ﬁ@{s} ﬁbof ee?ﬁ’"é% CC@/@'& fhe Rﬂ{;' vraﬁ‘lcggg of the
met hod Ofynd 6y RS BREMsel AKRIM ) teSusehaintdd tial @ ihdiEasd e Rightasttien) ect ed
into the disc, the specific pressure rarrlr%e used for injection, and to the
1 heol ogi gatiepirmpincréasingothet distanes betwagnnhieararigbrae; fankingcihedgiected

i ntervertgbral spacing and the inprovenent or restoration of spinal bio-
mechani ¢ 'Scfﬁ operties is effected imediately after injecting the disc(s)

and does not AlppevEhidgs of thestiethod dflilke prasent treentiarf isetbat dfe tchibei nj ect i on)
on the in-vivo 15 induction or [

1t L ui | dup. of proteoqglycans,, or.o he growth
or r&@tovalumas wiedteit it dhe FiscpBELEP] '@sﬁrggsﬁ"fa rpﬂgé’ﬁgﬁé\f I mﬁé’ﬂ%‘ﬁi. that |ong
term ef f epSicdlnd Wﬁeaﬁ%@&]”ﬁmp_ert@%t hothdliinebeaeshahatari thempytredlssoini ncl ude t he
in situ deposition or production of proteoglycans within the intra-discal

space or inetvertabtahespasingctasd theodmpraverent FoiresderétionadlesPal ifig-ected into
the treated,di s¢c, and may. al | : C reu o Qjgonger term
grow h oﬁn‘?cé@f‘iﬁ;?ﬁtpf%r%‘?syﬁugﬁgﬁéﬁgﬂmﬁ%@s&ﬁ%yt%};d@geﬁvaq)ﬂfenq{é Egest)l ntra-discal
space. | ioapmbyHegerd@t idaet fapthd shontterm effatt efiths jnjedtien)yoh thegnaivd
concentrations of the injected cross-1li nll1<ed c gl a en%’%F.?eﬁ)a{ﬁ%qi[ s may be
si mi L&r  IRdofipg ogRPidUMraieogkFRNss OLSBNY Hmﬂﬁ% or regfyraf Pa"diS¢al pressure
| evel wi tplylljd?)sﬁé b Ni RCHBAeterRAted iR BRY tBielfesiel of te tieatmbet range of
0. 5-12 at'nospheres, L . .
method disclosed herein may also include the in situ deposition or production of
proteoglycans within the intra-discal space or within the injected cross-linked
collagen material injected into the freated disc, and may also include
20  contributions due to longer term growth or resioration of nucleus pulposus tissue
within the intra-discal space. |
in applying the therapy in human patients, the volume and
concentrations of the injected cross-linked collagen preparations may be similar
to the experimental values used in pigs. The intra-discal pressure level within
25  the injected human disc may preferably be in the range of 0.5-12 atmospheres,
‘and more preferably in the range of 5 — 8 atmospheres and the injected volume
" used may be in the range of 0.5-2.5 milliliters, and the collagen concentration
may be up to 55 milligrams of cross-linked collagen per milliliter of injectable
-~ preparation. | |
30 It is, however, noted that the above preferred values may be modified or
adapted, depending, inter alia, on the patients age, the size and type of the
disc(s) to be injected, and _thé species of the mammal which is being treated.
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and nore preferably in the range of 5 - 8 atnospheres and tlfieAprilj2666 ed
volume wused may be in the range of 0.5-2.5 mlliliters, and the coll agen
concentration may be up to 55 mlligrans of cross-1linked collagen per
millili f jpjectable preparation. 30 It is, howey d that the
above p?"gég’?or“%ﬁcﬁg val ues may be nodified or adapt ed,mﬁlecg‘rgﬁ?:ﬁ%ﬁ%g? inter alia,
on the patients age, the size and type of the disc(s) to be injected, and

RS ET s A s S8 gt ato fiotatr e 10

03/ 04966 anpl e, e method is used to treat canine
DDD, songestment pacdméthes, sucieasninter gliar theevelume of eolagen injpctad. 1% a, the

| f coll i nj the, .injecti - inject th
s T e FHEAR PERLI BESHEhfabi B e T ot Rl e E ol IR obgeh 1 205,
tinme, thgigiaugeeonbbg prasbae timsthegadgé of it nBedlaj eyl needdtapbed.

Preparation of injectable ribose cross |inked collagen The injectable
cross | i piisdheasdapiefen used in EXPERIMENT 1 was an injectable sterile

ribose cross-bipkedAorHineaMolibageetoRs AR@HaagerconPri sing 35 nilligram
reconstitute cine colragen cross _linked by ribose per 10
mlliliter ofThejinjedtahleecrpseliniedt calgerhisedriosEXPERRMENE o] ME§eR" was

suspended.in PBS.. Methods of.. rat i f vari : £bose cross
linked cBigeRRlA S%&'llee” crsgocr%ss-lgﬁ{?g&%)rﬁﬁﬂé gglga%ep pﬁ‘%ﬁ@%ﬁ%ﬂ; ﬁ%‘ﬁ?ﬁﬁ{a 35Pat ent

Appl i cat hfngraRGEcbh&MiRa Hdlopernide | josting caliagent eoswmlinkeddly rihwseipeat i on nunmber
WO 01/79342° A2, incorporated herein by referepce in its entdireéy for all
pur piis es Millilsesef @igcjable; prepaiatioan The q%%/sélg&pgrco My VG SHERSY &84

at el opeppide PRI R p}%ﬁlj’a;‘r?iiorfe% L AaRR 1oind Of Rbodd aoasinkdd tdliagen) was

prepared Trom porclne endons commerci al |y avail abl e frim
Pel - Fr eeafe jiso Aisciosed as detadin Kernaticiah Patenf Apepeationz BETBR180% e presence

known. 1 nptEhgd i ripegnel blLattn rERERE HCF o2 Ry Pbondted 22 <.
o, e el et oL T P
_gng Hai nt ai neri%fE/' %@O‘tﬂ#g' ehmle&é%ﬁiwrifi%g#ﬂg%ad @g?lP%%DZﬁes%qqﬁibPon. (at pH 3
and a col Age GRRRANYI-AS! ANiPEmTMHGR JnasS pRpaEIfioh® porendHpk)2- 7. 4 Wi th
tendons commercially available from Pel-Freez®, Arkanssas LLC, AR, USA,
by pepsinization in the presence of acetic acid and purification by repeated salt
precipitation, as is known in the art. (see also U.S. Patent 5,955,438 to Pitaru et
20 al. and U.S. Patent 4,971,954 to Brodsky et al. The resulting molecular purified
pepsinized atelopeptide porcine Type | collagen was dissolved in 0.01M HC!
and maintained at 4°C. The cold acidic pepsinized collagen solution (at pH 3
and a collagen concentration of 3 mg/ml) is neutralized to pH 7.2-7.4 with an
alkali phosphate buffer (comprising 1.6 grams sodium hydroxide and 35.6
25  grams of disodium hydrogen phosphate dihydrate per 1liter of buffer and having
a pH of approximately 11.2), warmed to 37°C and vigorously stirred and shaken
on a shaker for 18-24 hours.
The continuous stirring results in the formation of small particles in the
‘range of approximately 30-300 micron. The fibrillar collagen particulate matrix
30  obtained after 24 hours of incubation at 37°C is centrifuged to precipitate the
| ‘collagen particles (typically, this incubation may be 'performed at a temperature
in the range of approximately 4°C-37°C) . The supernatant is removed and the




al kali phosphate buffer (conprising 1.6 grans sodi um hydr oXi7derAdd0@5. 6 25
grans of di sodi um hydrogen phosphate di hydrate per 1lliter of buffer and
‘having a pH of approximately 11.2), warnmed to 37C and vi gorously stirred
‘and sha shaker for 18-24 hours. The conti NUQYS Lng results in
t he forﬁé]?séog%g smal| particles in the range of approilliérrzléoiggel 30- 300
mcron. The fibrillar collagen particulate matrix 30 obtained after 24

hour's o pHAEURR bORGRK R WasKENSEIdHORticd th Phegiritd Blfeiebeselib | agen

particle typic I's incubation may be performed at a tenperature in
t he rangéPB$) mprepeaieduestrifuge@os 20y re-sTegensigier nat ant i s renoved and the 46

washod sever als PRI SPHT SRsEg b W56 VRsiAg PR b I tbBRfibd OPOSE, 5

centrifugatd givaDd)RiBosasolation cmPBSheTmmbb;amesmmmmlumntmm:ast washi ng
may be resuspended in a 0.5- 80% f) 6‘3HRI bose s l{ﬂgt'l Qn N PBS. The
vol unk® oﬁpproﬁf@é@elﬁ’o’q"‘@t igigs bedvalume sofa sy sy downy PREYIRTE %lapﬁ]é vol une of

the spun, %rr{eélﬂffﬂr?a&?s peRbibA 4R e@%d‘@ﬁcefqu%naéﬁpﬂe&ms trdagieasi on is
I nj ect ed orce der ressure t hrough a I njectin ’egldew ce (such as a
I

hol | ow sumec:ﬂngscbvmee@luch Lﬁ)?eadTOﬂnWe%fB@)esﬁ rﬁ@ﬁ'l’ﬁgb%wéﬁ@é ntoTHO%t ai nl ess
st eel tUbﬁl?E'HY be in the range of 14 gauge to 34 gauge, 10 but other
sui tabl e sizes may al so be used. Preferably, the volunme of the ethanol

i nto which thehabeitestcsteei fubd maaObéalgﬂ'fd rainige s/ @RFaugextoudL gawge, nj ect ed,
and t he exact concentration of t é% bose in PBS are sel ected such
t hat 1&f t bt ¢ther $'—H‘ja§[?(tf~'9ﬂslz§s&ﬂ¥pﬂﬁ UP¥tk final concentration of the D(-)

ribose in thep ife?‘é’@blﬁmtﬁg %ﬁn‘les ofiﬂﬂsr Qtﬂaﬁ&t ke while( Me%bov@d@é‘tﬂhbbﬁe

concentration anol 1nthe final mxture is 70% (v/v), I S noted
that theslagenfiborelPRS midurerie injested, ayd theyexsrt esngepiratio pf the nra( ot her

G oscdbSEin b ki S R e R IR SRS SO,
Fur t her m@bRceritiatiomyf #he O(Heibopo s i #ndl onivisies &t Arproxiogéely 1p68ivY, or
e ARDLERLAC A E S I SO R A S
per f-or megy dda Qnd&ktrdtPn8ahd §ven BY ARG of example only and other concentrations
of D(-) ribose and/or ethanol may also be used, as disclosed in detail in
international publication number WO 01/79342 A2. Furthermore, it may also be
possible to use other sugar types for cross-linking the collagen as disciosed in
20  detail in international publication number WO 01/79342 A2.
The injecting under pressure is performed in order fo achieve proper
dispersion of the small reconstituted fibrillar collagen particles in the cross-
linking solution and to prevent aggregation of collagen particles due to the
dehydrative action of the ethanol. The collagen suspension is then mixed and/
25  or shaken for approximately 3 -14 days at a temperature in the range of 4°C-
45°C for allowing the cross-linking of collagen to occur (other temperatures may
also be used).
The resulting cross-linked collagen suspension is washed several times
in phosphate buffered saline (PBS) by repeated centrifugation and re-
30  suspension to remove the unreacted ribose and the_ ethanol. Then, the pellet is
‘resuspended in PBS and allowed to equilibrate overnight for rehydration at 37°C

(this equilibration step may be typically performed at temperatures in the range '
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di spersion of the small reconstituted fibrillar collagen pd7tAmilé®0én the

cross- linking solution and to prevent aggregation of collagen particles
due to the dehydrative action of the ethanol. The coll agen suspension is
then m 25 or shaken for approximately 3 -14 tenperature
in the ﬁgﬁggﬁg ?4C- 45C for all owi ng the cross-1linking o G@@Fﬁagen to occur

(other tenperatures may also be used). The resulting cross-Ilinked coll agen

suspensi Bﬁah;?rro}éﬁég@g Aeverel dut BRer tbRpBRAFESahSy BI85 @de®al The (PBS) by

repeated ce ation and re- 30 suspension to renove the unreacted
ri bose andldger i®tiesmebshefhine, mbreetipes inePBP sy digtlegrchbeiginahoyBaNénd al | owed

t ilibrat ' t, forL i .at 7 i il ti t
my e t Jebmdgperr P B e R AR 48 e Fned bE 18 SBNGARE L P B0EP o
03/ 04|9669[)o§6jﬁh|k%c§) 861%%;%97;)@}??@9&@1‘ oK buﬁeﬂbmnAEﬂﬁgﬁeribatprepdttaﬁort waper 2}3 g res

SO De use . e Ccollagen,Is en sne WO, ND[ l. S n as
i 201 Ds o used REiEpiRgNi e RAINR FEARUSHTR! DA% £5 IRCIOPRANCIIRERHL r at i on i n
the rangg phoERIGENT 1| EXPRIBVERTOS Snki ENEERAMENTORN dR@fofinidating { er of

suspensi on porcine preparation was 5 used for injecting into the
por ci ne iinio dfiey extibéthraat adi disdosed hireiohlomviedn HXRERBMIN & -iTN@a%ER? MENT 1,

EXPERI MENT 3 and EXPERI MENT a Of . NLEGE | 1 )t ears as
di scl ose&o'ﬂ(‘eﬁ“%?ﬁ%o eapﬂr%yygﬁyl\z%?ngnﬂ@%ﬁgaff%ys "Iigﬂédgoc}ldgg%%f tion of

appr oxi npdiglityr 35s@peRtivhivgsansedcion sabbiti ed dojectinisaayeha pange ofl 33-6%i t er of
suspensi on was used for rabbit ear injections r_}d atrgﬁ%e ﬁec%ﬁ- 55 10

mi | 1 1Qr amdligiamsppen milllited cresoldker GoURGE WA é‘ﬁ@ﬁ Yalitraiseat BVSURR  a- di scal

| nj ect | O SXRSHE MBT-coRbERFatiRSGEIEGSN AR, Rbwsek| AgsPe 08ed. hovever, al so

be used. For "exanple, experinents show that ribose cross-|inked porcine

col | agen pr eparaxsmpls, expedosnisrhontthaiibase aipssiitked RossinerERIAEE 90
mlligrans_of ribase cross-|ij 0 ' ) bk d L ter spensi on
(in PBS) p&wrg@nﬁdutqorqgﬁg,lrsikgnﬁ rr}ilfe t{ebdgéﬂ-rggﬁ]géﬁ&geggdhem rh'tg\gliorﬁg&.)gggauge of 22G
or even lceyugllinkddulié pej raittilifee rof netspensionli (it IR dedre bei realivelg may be

al so perfornmed at coll'agen  cqncentratio f up to 90 m lligr er
mi |l 1%t deged §hr§>yehstﬁ%.’eSAB@Nf%g SnpYde OF?Z?;S OH??tVSB P& tTlﬁ‘é‘gltﬁ ui 8 in

‘QQ‘ ¢ 2yt Qﬁrllj%g@b:ﬁ?@é)g%?%ﬁﬁdgg?r‘sgﬂalb;é/@ ReYdBE diso peffolmad tedollageRBS but may
- concentrations of up to 90 milligrams per milliliter of suspension.

Additionally, it is noted that the liquid in which the collagen preparation is

suspended is not limited to PBS but may be any suitable type of biclogically
20  tolerable and pharmaceutically acceptable buffer or injectable fluid known in the

art.

An injectable sterile ribose cross-linked bovine collagen preparation was
prepared as disclosed hereinabove for the porcine preparation, except that
instead of porcine tendons, bovine tendons were used. The bovine tendons are

25 commercially available from Pel-Freez®, Arkanssas LLC, Rogers, AR, US.A.
| The concentration of the cross-inked bovine collagen used was 25-35
milligrams cross-linked bovine collagen per milliliter of suspension.

It is noted that the method and preparations of the present invention may
also be used to deliver into the freated intervertebral disc specific substances

| 30  (such as but not limited to local growth factors) or living cells (such as but not

limited to chondrocytes) which may have a therapeutic effect such as, but not

48




20 tol erable and pharmaceutical ly acceptable buffer or injddtAfle€0npui d
known in the art. An injectable sterile ribose cross-linked bovine

col I agen preparation ﬁas prepared as discl osed herei nabove for the porcine
prepar atjon.  except that i nstead of porcine tendons, ' endons were
used. The Esow ne tendons are 25 commercially avai l abl & \rf‘gm el - Freez(r),
Arkanssas LLC, Rogers, AR, U S. A The concentration of the cross-1linked

POV: . CRinitBgeR i3 iR BoAd- fBfmati,| SRS of [@Ffiabd NeRflatRY bRetneol | agen per

mlliliter of suspension. I's noted that the nethod and preparations of
t he pr esémmaiion efitithentisemne tygdsso be used to deliver into the treated

intervertebral dis i i b 0 L W
| ocal " gr owt n agEaTasg: wihyoe” EbtREmTene ot des Bredknl gty = 1
chondr oc Higsabahérebs-kednaviagant frepartiohs cusetif foct treatiog misrvdrtebrajiot 48 17

April 2006 WO 03/049669 PCT/1L02/00997 Iim ted to inducing bone formation
fibrosi sdiges p‘ﬁﬂYitP%gj’éOGf'féﬁ%ﬁane’éﬁmﬁlﬁe thg &Jﬁ‘&?l?ESnchFS"ﬁ? ?C?If%?ﬂe types. In
accor dancirldhnatial iRIRRMUIHNR Sibdiifoel! ARRY beld) URads, Bbrapditic | nj ectabl e
cross-li ~coll'agen preparations used for treating intervertebral 5

di scs maynateriai®di €oraplouriisror egants] and geneticimatetialfogeiedbe@ynked col | agen

pr epar ations i ncl ud Lt I VAl ;
t herapeutic ﬁ%é?"fr@l §E@Sr %%'géﬂ)éﬁér}gg ei?@%%cgﬁﬁgﬁleamé’ déﬁ%??éé%qﬁeéwgls for
greggst P_ebaﬂl%tgek anplﬂT.}ieir.’s{ﬁidm afetHes imhaindh? mapy binchddednten e Verjabcatabl e

-1 i nke col 'agen prepar at t | ' [ [
a1 1 210 vePhaniaaes Yo RuRE: St Gy dPianRl SEPE Hls, IS are |
Progeni t gbrdbflole  gafRiLAR! SHdinddrdll @BiAfiat ard@hgiserld 1o sagbankest cells that

are engineere secrete rix proteins, glycosam noglicans,

]E)r o% eog| poaeiss, r%b{qoha@mgbc%otmm@@glygaw morghegesics prateiass FrowWhi on
actors, _anti-infla tory agents.: ' l2S, o] : pepti des,

or cel | s RYAE: htéwcmé@ Jﬁ&ﬁo ee%gt(’jﬁ}lﬂgnﬁ%?@;gétgrggfc%’eﬁtugﬁsE%Bﬁaﬁ%l ecul es

such as poahehdser Géptides,asn diglthat aase beenteagilprEains, exprsshegeions  prot ei ns,
grow h factors, transcription factors | -inflanmmat ory agents. such as

pr ot & ns [0 AolersiRESUCHASelEs. g*aft?%ﬁnyh%ﬁqﬁ%@%aﬁ?tew%% fictors, or
(s: 5|b|s f a;g@iotgﬁﬁfgﬁﬁh FAors ORI RbliG fRtors NéniRRANAN RS HgBee SeRrast ed
proteins, hormones, peptides, various different transcription factors, or cells that
express any combination of the above described secreted substances and/or
the above described receptors.

20 Other substances or compounds which may be included in the injectable
cross-linked collagen preparation of the invention may include, inter alia,
anaesthetic compounds or agents, anti-inflammatory compounds, agents or
drugs, vertebrate growth factors proteins, glycosaminoglicans, proteoglycans,
morphogenic proteins, anti-inflammatory agents such as proteins, hormones,

25  peptides, and various transcription factors.

Other substances or compounds which may be included in the injectable
cross-linked coliagen preparation of the invention may include, inter alia, a
nucieié acid, an oligonucleotide, ribonucleic acid, deoxyribonucleic acid, a
. chimeric DNA/RNA cohstruct, DNA or RNA probes, anti-sense DNA, anti-sense

30  RNA, a gene, a part of a gene, a composition including naturally or arti'ficially
produced oligonucleotides, a plasmid DNA, a cosmid DNA, or any other

substance or compound containing nucleic acids or chemically modified nucleic
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t he above described receptors. 20 O her substances or conpddngsil@eh nmay
be included in the injectable <cross-Ilinked collagen preparation of the
i nvention may include, inter alia, anaesthetic conpounds or agents,

anti-i nfv{, 5’;176356%53’ conpounds, agents or drugs, verteb[;&t sWth factors
proteins, " glycosam noglicans, proteoglycans, rmrphogenl c prot ei ns,
anti-inf I anmat ory agents such as proteins, hornones, 25 peptides, and

various 56.&“5 r\}aﬁ‘fth’b Eﬁ?ﬁé%iroﬁ or%&ﬁfre@éb%ﬁ@aﬁ@@e Gfsci@@@wgulﬁdanml, ch may be
i ncl uded e In ecta cross-1|1nked col repar ation, o$ t he

i nvent i ocompwndﬁcﬂnnﬂgenetmwnsﬁluq’ia angd may @lsd tE‘C é?d & ARClBIS §IHIRY eot i de,

or " RuA. piat T i o<TEEY LbERRARY HepeAlin, g YR rRF IR ERBITS F1T dene,

a COWPOSWQI@ﬂnb#ﬂir&ldﬁeﬂ@r@ﬂrﬁwminltyeart artificially produced
ol i gonucl eotides, a_pla DNA, a cosm d

compdund cont‘%ﬁ%%’éﬂhu@h@r %”béttﬁ“lﬂ:?sd?r ONARUeSP W'%&a&l mﬁ@@?@ﬁﬁszgnis o
Apri 2091%\4& %ﬁ%@%nﬁg/c'og%%/ E%Qra’fﬁ@)hdﬁ , therinvetionunayg didiideat i on or

m xt ur es ove disclos st ances conp ounds and, genetic
const r ucinggr atadVam}USap@éﬁmmcglm&?quﬁés-v@éﬁwgteir@qU“JQQHO YER§C g’f‘%tl ng
cel I ul ar t ake a r t eRbricPoi@r | ous
viral or9 ?l WIP%@%@@%@?@ %%ﬁ%‘\mat ll'ﬁﬁ&t&&&mp glgtullfgi‘r?ael Y, (())lt her
subst ancesulfates OR@@taNd ssulfate; h deryatae i suifbierdetieparin,t theppigne ciuiblee

li nked col | t f t t
o) a0 vaPvahEsngoptRlV Gac Byt Pe the. RibotFDuERITEY ploicdtiEns 1.0\ hes
gl ycosa”HQ&ﬁiny%@??awcf"bréﬁmoQWn ngmldanmég@ﬁbdaﬂ Gpndetans! betadglgedr, at e,

chondroitin ate, keratan sulfate, dermatan sulfate, F arin, heparan

sul fate, varrslclaya(ta:ﬁ@gbman ardsewEioft Aheonegins. Haroosan<honfradneNS nt erstiti al
pr ot eogl Wét%n(gﬁ&é'hﬁ%p%nglny an, fibromodulin, lumcan, aggrecan,

syndecan Ver si‘can, centroglycan and sergl ycin,
fi bronectins, Addlmmbuwancesmmmwmmds rdhjch masobeuaﬂw in u@led in'the

thronbospondl n-5. Addjtio substa nd co gbe also
i ncl ldled crlpgeReprepsr @Fﬁa‘aah’eplpé‘?ﬁ'%n 'oBfm? g'zerm?ﬁacnvent Ton may be,

inter al 'dﬂ‘feré/rﬂ hoitRes, datibes §|'ﬂ’ére¢lﬂéﬁi§l?ﬁe mmrtb@uanaiahﬂmm enzyne
i nhi bitors, Sgﬁﬁ%oms
The adding of the various different substances, therapeutic agents,
compounds or cells to the cross-linked coliagen preparation may be achieved
using different methods. in accordance with one embodiment of the present
20  invention, one or more of the substances or compounds disclosed hereinabove
may be added to the collagen suspension or solution prior to the injection of the
cdllagen and D(-) Ribose mixture into the ethanol. In this embodiment the
cross-linking is performed in the presence of the added substance, compound
or therapeutic agent, which may become trapped or sequestered within the
25  resulting cross-linked collagen based matrix.
In accordance with another embodiment of the lnvention the substances,
therapeutic agents, compounds or cells may be added to or mixed with a
suspensmn of the cross-linked collagen mairix by physical mixing.
Preferably, when live celis are added to the injectable cross-linked
30  collagen preparation, they are added by suitable gentle mixing of the washed

ribose cross-linked collagen injectable preparation (prepared with or without
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The addi ng of the various different substances, therapeuti d7ageil?806
conpounds or cells to the cross-1linked collagen preparation may be achieved
using different nethods. In accordance w th one enbodi nent of the present
20 invention, one or nore of the substances or conpounds discl osed

her ei na¥@ 83/04p9 be added to the col |l agen suspensi on BE¢T/BS/WY70n prior to
the injection of the collagen and I-) R bose m xture into the ethanol. In

this enbodi ment the «cross-linking is performed in the presencecof the
added suBgditipral subsiapeehAs %ﬁclqﬁé%@ugb%v d‘érﬂf‘?er\rf]\tﬂi ! %P"gaé’ié’i[re trapped
or Seq“eg\tﬁécﬁgwh}]&ﬁd&eﬁ od ehangpul ting cross-1inked collagen based natri x.
I n accordance W th another enpodi nent of the invention, the substances,

t her apeut i ¢ afentsvantages oh disingr injastable weasstisked fodagan srePaTaliglSwith a

suspensi on_of th 0SS- | i | 1. i y A %Hg.

Pr ef er abP{e W&Fﬁﬁﬂ ecnﬁslsgé@ge%gdhg%ee[]o&%%h%‘ﬁe ec@%@e‘ﬂpgkogﬂ’?nked 30
col Ih agéen b;l{)d%@%étid)r@fbyl @étgﬁagylr@r?ﬁdgcbobagamlwielmmygeal lsem_ntblxim@e@f thg -
washed ribose cross-linked, c en inj.ect pf epar.at.ion . pared wit
or - wi ¢ hotars TERVAGRIRGP Ob PTG RIBBEcacRR (8 Ssaaus el it RESE

subst anc Sinfd bf; b losRrAREtddbyes Rhticdugradstionf 1ive
cells w t%ﬁosgzlﬂg%%gélg‘ti’gﬂ dgﬁlagﬁgﬁgqﬁrﬁ%bgdvant ages of usi ngdyignj ect abl e
cross- | i mitdld stlbbéing bighiyr lipenrapalibies are several. The resistance of ribose

L EE ek, AR St ot et

col  agenol yti n%:[ ] han Tn native collagen. S
t her gf or enAy@Res &€latdttix fdréndlicihgsandigrecoradiing this fomeationrad sertifagaiesd col | agen

preparations may be less affected b ch, bi odegr | ihe still being
-hi ghl y bifleasapiagedndhe diset &EES '%ﬁ%%@éi’ygge tfﬁaﬁ&ﬁ?@ﬁygm %'cr oss- | i nked
or non-cross- ki gkefleq Yt BhiREHYE riosd BRIsE! nkedl doflagenl ngednibror

pronoting the formation of cartilage or ‘fibrocartil age i({] the disc. This
i s supporitterretigbrahedise stepais wes EsteRRdVEm purified; BoyBe e8' NRANRi | e t he

orPoco ARSI W SR L OB g s e 1S
typess of rg@dit agenstaplizationusethdds oththedpesentsinveption, inoludisg apit nGtat i on
methods ?i]:fni’}egeto chzgoesg-eﬁm(ecii gr\{ Rgli'a-%pdssilirr%ﬁécy g&l@%er? lfa'f'epna%\’cions. obtained from

other vertebrate species, including human collagen, cross-linked and non-cross-

linked collagen preparations derived from recombinant collagen, or any other

suitable types of genetically engineered or modified collagen.

20 It is further noted that although the ribose cross-linked collagen
preparation was selected for use in disc repair due to its superior resistance to
biological degradation in situ, it may also be possible to use non cross-linked
collagen preparations in the same manner disclosed, though they may be
degraded faster.

25 Additionally, it may be possible to use various mixiures of cross-inked
and non-cross-linked collagen in the methods of intervertebral disc repair of the

| present invention, which may enable better control of the degradation resistance
| properties and other physical or chemical properties of the mixture. This may
" be particularly useful when live cells such as chondrocytes or other cells are
30 added to the collagen preparation to promote tissue formation in situ (such as

for example the formation of cartilage or fibrocartilage tissue). The mixing of
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| limted to cross-linked and non-cross-linked collagen prepdaird280@bt ai ned
from other vertebrate species, including human col | agen, cross-Ilinked and
non-cross- |inked collagen preparations derived from reconbi nant col | agen,

or any %51@;6)4?6'%@ tabl e types of genetically engineer elQ:IﬂL rﬁtag fied

col | agen is further noted that although the rlbose cross-1inked
coll agen preparation was selected for use in disc repair due to its

super i 0rd|ff§r%h§581n%ﬁ;nct? hﬁil ‘rﬁ'la%ﬁal b&?&r@a%l BN theNcdli piliferdtioneandal so be

possible 10 use n col reparations in the same mann
di scl gisem;:[sueWma@ilonﬂwswuna@leb@dlf@ém!ﬁj@fdﬂﬁ@ qgen mistUREPTPRTUAN y, it nay g(ra
possible to var r i nked

col I agen in %tl?@?hfmi rﬂ% |b;1ét Era‘\‘;/ée?él?e{) ?edhs&gﬁgsé @P‘?ar@ Qtﬁg%?)r? esent

i nvent i ogollagbh (t;t«pémssuelmablmltb@tﬂmteddux callageh typm Hdbeadidi @namnesi st ance

properties and ot her physical, or che Qf, th t Thi

my Sbe %@PW‘B@PE"’W‘E@@? any aihentyPes @ E@‘aﬂgngﬁ 'I'gkt%(?ﬁ&drgcyt )ésu(r)(ra ot hla?

cells are 30 mpge H?Bn% %H&né@ioh@&ﬁa fppé;ﬁa@amisldmhé prazeanmuentionssale f or mati on

in situ (such as or exanple the mati on of cartllgg or fibrocartil age
4

é : fsfs g(razaninihelultxzxmfggr mfayallcwd%prﬁﬁwecﬂwﬁ- geifioigiho atnsikoebePiadespedo7
I
pr ol 1 o HOFBFraRAn ¥ EESy P oAR T MELITES ARANOR PprdSRBE el 1
<r3n0| ltagenorrbfwgerreacamgo&?w oryaniad 8 arialdwn inithe atly be possible to use
xtures of various different coII

col 1'¥gen typddorepver, Whﬁﬁﬂ’ﬁ‘?e"gﬁr“ﬁﬁg} ecgs%%lﬁ%gsmgﬂsﬁuﬁrgﬁgit '&%qtlﬁﬁgh%; maasdot ﬁer
types of Fr%@é é‘éﬂ%t@r“&%aﬁr‘f& h&rafibeal Ajection @igecthible shbnsisnsaiod
preparations of the present invention nma make use of I ncl ude,

lege rigree

respect i mby$tltuheﬂ|ﬂbrdiafaaieiﬂpﬁptﬁﬁw@@'r@opqﬂ R Qrossaiked ! #F&nuf act ur ed

%dlg;aln:édga %‘1 Héfgﬁqle%@%%%t 'tﬁeoﬁleﬂ{&{(%yg}e'cﬁnﬁ%fl fon-AErmite@eneti cal |y

nowWn Mor'eover, while in the
experi rreﬁtamﬁalml dis@cbfithe preseptrirgantioninmealso be peHermest loyf esingathent eri al used

{1 bri3 | aAMRI GPeHRPRPBRREISNS o St ey SUBoF heareli prPARRREe oo
di scl osegl nln@ﬁ&ﬁ' huhedr8i AP GvRed tBe iNREROIR Prejarhitaisi n@npflsm@m her ni at ed
manmal i an di scs of the present i nvention may  al so be or.med
ot her suspension of particles of cross-linked hyaiuromc acid or }Pyaiuronlc acugy usi ng
derivatives or hyaluronic acid salts or gels derived therefrom or cross-linked
forms thereof, or hyaluronan and derivatives thereof, as is known in the art.

20  Such materials and similar materials may have water refaining properties, as
well as other biocompatibility an non-alergenic properties, and rheological
properties which are desirable in the present methods for treating intervertebral

“discs. Such materials and similar materials may therefore be advantageously
used for the intervertebral disc injection methods of the present invention.

25 For example, Injectable hyaluronic acid gel may be used for soft tissue
augmentation. { see the article entited “SAFETY DATA OF INJECTABLE
NONANIMAL STABILIZED HYALURONIC ACID GEL FOR SOFT TISSUE
AUGMENTATION. “ by Friedman PM, Mafong EA, Kauvar .AN, Geronemus RG.,
Dermatol. Surg. 2002 Jun;28(6):491-4. '

30
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15 different injectable preparations. For exanple, suitabl d7iAprd@0abl e
preparations may include but are not limted to, injectable preparations
conprising a suspension of particles of cross-Iinked hyaluronic acid or
hyaluroqﬁ§ éb derivatives or hyaluronic acid saltsP 2&; derived

t heref rom & dss-linked forms t hereof, or hyaluronan K% i vati ves
thereof, as is known in the art. 20 Such materials and simlar materials

may have wat e'Cr&s%Ilﬁ*)kBH%HQ é}Pﬁﬁ 1hR3 foPdambBbl crhephiBRY :late@fanmaéu bility an
non- al er geni eol ogi ca properires are desirable
in the pdssent met hods f or treat| ng intervertebral di scs Such materials
and simlar terl I it he

i ntervertebr a i Qﬁedsmng}c&?? %ﬁ(,%@gﬁ%??ﬁ@%ﬂd}bﬁﬁg@@%é/ouaﬁg%ﬁg%ra 25 For
exanpl e, niay £64 BBl &illiRRINUdANA cﬁﬁemlgteld cbref}ssbledua‘@we‘mbraﬂdﬁacst ilBsue
augnentation. ( see the artic eptitled AFég;ﬁﬁrDATA ABLE

NNANS MABCSSTaae! withy ANGibRIReIer o ﬁﬁ‘@ﬁ“ﬁgﬁ’ Pifssapnve Rifﬂ/EﬂlTATl ON.

by Fri ed tod GHONHE iervertebril MRcOfterSur g. 2002
Jun; 28(6)" %@%Mfﬁgg%@g'a%s e S S A e

Cr oss- | | numitat cirhagbof pm;b|o&meamratﬁnadj9frﬁ@echéﬁusn@44msa@élﬂ of HieeYERt ebr al
di scs It 'ﬁﬁg%%goggggt H%i @@6’ ﬁ“a? &S ki thPLﬁB&EQ &) bB! Serfineggen

material " arrage erni ated or fissured

i-nt er ver ygibgalnyciuggisal rhethod I@ownrlda!nmartvﬁnt reramad & payhroé e theedntabodi ment  of
the present invention, a collagen based inplant is surgically introduced
i nt 0l@ he NHElEBS PBPPRB  al disc after surgi cal renoval of part of the

material of thg,d Hfh RifE Rl PESHSigYs %et Be mbid pReceBUBbMpSsing dgsus. The
renoval of the nuc gus pul posus nma performed using any Srr@g' cal nethod

known i ncolfegeanus fmaterl@rm\Padifetﬁblspa%? mlla@enquffelr@mgnfr er mplafigc"@Ys pul posus.
The | Dl a0t TR GORT LRSS ARe: OfIMREE RILTES)S SN Mlofifeudiehl agenous

material © agenous |nplan I'mpl ants “"may  conpri se
ri bose cr&sigahtaredve it agiesr topess bbcm!tageswsematmlatsl magg!ﬂsmda& ueed. resi stance
" VIISV o T%gtcoﬁ;ghe%routs ¥r?18|%nt%) nqigglf ggtggsngﬁjéscenrﬁétﬁ{amers for Bt lzaP orp &t fﬁEEd
damaged intervertebral disc and may also promote the formation of
fibrocartilage tissue in situ which may further contribute to the long term bio-
mechanical stabilization of the treated disc.
After the introduction of the dry collagen based impiant or implants into
20 the chamber previously occupied by the nucleus pulposus of the ftreated
intervertebral disc, the dry implant(s) expand by rehydration. The size and
shape of the implants may be adapted such that after dehydration and swelling
they fill most of the space inside the treated disc after the surgical removal of
the nucleus pulposus to provide mechanical support and stabilization of the
25 interveriebral disc shape contributing to vertebral column stabilization and
preventmg further vertebral damage.
Due to the refatively small size of the dry swellable collagen based
implants prior to swelling it may be possible to introduce the impiants into the
" treated intervertebral disc through a small opening surgically made in the
30 annulus fibrosus. Such methods for accessing the interior of the intervertebral
disc for removal and/or introduction of materia[s' are known in the art. For

example, U.S. Patent 6,099,514 to Sharkéy, incorporated herein by reference

53




15 The col | agenous i nplant (s) may act as space mai nt ai ners ¥ohpril 2006
stabilization of the damaged intervertebral disc and may al so pronote the
formation of fibrocartilage tissue in situ which nmay further contribute to

t he Ionaégﬁm@j@o- mechani cal stabilization of the trﬂ?@ltl]?,%/&.béc' After the

I ntroduction of the dry coll agen based inplant or inplants into 20 the
chanber previously occupied by the nucl eus pul posus of the treated

i nterverfabrals di 36 i hGKRAd dpParafuegpadiveng ofhe size and
shape o'f[h?ﬁe%tlﬁ%yztﬁtagfﬂgggiée& ggg%t%g%ﬁﬁch t hat p%‘d’?er dehydrgﬁ on and

svel | i ngrendving Mdtériatofsemothet Inderigpacie an nistedecriahealt disat eb-3i E8Ri ter the

surgical .t |, 0 the n .no oVl ngsaky support and
stabili z%f?gg'ﬁggftot %&055‘@3@@%&;@@%%& ﬁﬂisrgﬁe?% aep\lelri gtgntgﬁ} Eﬁt Fdrﬁgéi{ o vertebral
col um S?@?béés@@ﬁécMQeérujspiﬁéiammdmimthMe fremt = icthimddicgengebue to t he
relatively small size of the dry. swell abh_g col lk?r% n based inplants prior
to swel | plagtia andyaptheds ey 'Eﬁ‘B‘ir‘édL{CSoﬁ" Ao g intervetie P%nts into the treated

i ntervert ebr afhedg\ﬁ@édné %%-Iﬁkéﬁdlagﬁ?ﬁﬁﬁﬁlgnﬁéLﬁfgihéabﬂeﬁemtﬁiﬂeemtlmnt he 30

annul us fibrosus. Such ods for accessing the interior of the
i nt er ver nelgbel introdiwedfinto the ierveriabial disc ima ey at eadALRYArRIEd ™ s are known

inthe art. Eor ex |l e, U e 9 Yor | r por at ed
herein b yr%’ft@l?'gn'pggﬁngl'}h%prﬁhgg%ocg&i%eg?ﬁ %%g&Pﬁﬁg tESZC?rOB{Eg%F?) inits
entiret ymbfiodaldr devidessiemwndinsthk catforrtae firdebdantiora pp interveretirak digel i veri ng or

renoving material fromthe interior of an inter vertebral disc. U S Patent
6, 264, 69BNt 0y, i ncorporated herein by reference in its entirety for all

pur poses, di Sﬁleoaﬁogéqin?% N&ilaféte | Hded | ifpland maded maapiedbioomauet i ¢ xer ogel
odas tor

5 plastic and mnet Itsintroduction into an int ervertet{{]al di sc. The
swel | abl earnussshabis lafter thel Ichydiatiomindaeed inosity Eeipie s ERE ©XHURAMNDN, may be

by o alteT iR Hg RLUSERS sBons of Al bifer Sttgpl qiable RE ARy 81 EC form
met hods hpideitfers isummm inrthé be, sudh dobuttrive linited ¢aj dbe inoplanifshiape®r ver t ebr al

disc 10 inplants. The cross-|i ol | agen based i nplants may be adapted
to hkve .dﬁggﬁ%gy Stayddd-Sapaient éﬁgs%gﬁ!rdrat i on induced in-situ swelling. For

exanpl e the The cross-linked collagen material included in the sweliable disc implants
may be prepared as disclosed in U.S. Patent 5,955,438 to Pitaru et al. , U.S.
Patent 4,971,954 to Brodsky et al, and in international publication number WO
01/79342 A2, all of the above patents and publications are incorporated herein

20 by reference in their entirety for all purposes.

The implants of the present invention may include various different

~ compounds and/or substances and/or additives and/or pharmaceutical

compositions or therapeutic agents, and/or drugs, as disclosed in detail
hereinabove for the injectable cross-linked collagen based preparations.

25 It is noted that while live cells are typically not included in dry swellable
implants, they may be included in semi-dry or partially hydrated implants.
Nevertheless, such living cells may be infroduced into the implant after partial or
complete hydration by irrigating the implant with a suitable physiological solution

“or a liquid medium containing living cells of the types disclosed hereinabove in

30  connection with the injectable collagen preparations.

The advantages of the swellable collaéen implants are that they are

biocompatible, they may be inserted into the disc through a relatively small
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i npl ant (s) nmay have a di sc like shape or any ot her shape suittapile0fer a
disc inplant which is known in the art, such as but not limted to, the
i npl ant shapes 15 disclosed by Stoy ( U S. patent 6, 264,695). The

cross-1li | agen material included in the swell | i mplants  may
be prepa‘?{g %gﬁ%éli sclosed in U S. Patent 5,955, 438 toa%# ar dﬁyggt7 al. , US

Patent 4,971,954 to Brodsky et at, and in international publication nunber

wo 01/ 7%@@@9@@ 3! indf s RRAE P HeedySoraRdng\akiahix hyeatecngtatd. ncor por at ed

herein erence 1n their entirety for a pur poses. The inplants of
t he pres@ntitionallyntn dime case iohdhpidetsviaeluding ritiose earestt-linkes rasadfis 28nd/ or

subst ance nd/,or, addi tives.and/ or ' . .CQAPOSIitions or
therap_eulaaeﬁa'@%ﬁfjg?n ahal%o e(ﬁ‘r‘%‘d%%s?@g%%@@ﬁgéggagﬂﬁor‘d@ﬁﬁ[ her ei nabove for
- the injectabl g g#pes-ddvakade cofl troeoiidyese bagece fraplantsons th@Dresents not ed
that while live cells are typi

| 1y not .i.ncl d in.d |
i npl ant s inveRdgn iﬁa?‘abé\"?‘h&ithé@aﬁg@dég'gﬁ-@r‘%ﬁ%tggg'amin(g]OI% ro%%?’aﬁlghei npl ant s.
Ne t hel . YRRYY ' il jdmplagnt aft
e £ al T g el B B R o I e i fabi e

physi ol oghcalragelard dmiucerfitzotartiagel fowaatiom tsideathd Aipc| a%iRGIa8EA s of the

types di scl gsed herei nabove in i \ j b ect abl e col | agen
pr epar at i?‘SF?ér.’a §a§§\?§' egb%’@&rg?edﬁl&éﬁg%ﬂﬁggfg%wggﬁ%%r“%)cﬁ%ht_s are that -
e vy o O P Wb 05 D49665. PCT] L102/ 00087 anen ng ¢

relatively sma . ri eni ng due
to their infegerielrsl (HEcs ﬁ“@iheb%r%ﬂ%vp}gi got%%atp HEERE )}hﬁyﬁg o@d aﬁﬁat e.

Addi ti onghlneiind er Qfiords"PhaNtise | Applisgli Sehilaipose watrossuitbbieked _
col | agen "an 8ddit i Ondl advant age s the high resistance to bi odegradation
in vivo. modifivatibes tatheahintayeertdbralndise diseagein bkceE MaMPRBA'EE! Bthe present

5 inventign is that even withqout tF It ' t; hiv

chondr oc Iéesr,ve{tﬁasgttesrm Of e’rﬁatgnp”';et ml%‘%‘ Rﬁ%@% gh%bﬁéréﬁs?ﬂéégﬁldggal ly

present igleddie OitRC nfdtHod¥Rand einfeetibieg @repedationdudiscibsda aoay thusage f or mati on

i nside the disc as disclosed hereinabove anﬁ gs demqstr%@% t he

resullfs dppiodordogs\er oharmeieor §emesic,ardomesticatedANal. g and

preparati ?énafl velreating 10 intervertebral discs nmay be adapted to treat
nme

humans, the od and . o
While the invention has been described with respect to a limited number

of embodiments, it will be appreciated that many variations, modifications and
other applications of the invention may be made which are within the scope and
20  spirit of the invention.
References of interest
1. Chiba M, McLain RF, Yerby SA et al. (1996) Short segment pedicle
instrumentation — Biomechanical analysis of suspplemental hook fixation. Spine;
21. 288-294. '
25 2. Dick JC, Zdeblick TA, Bartel BD et al. {1997) Mechanical evaluation of
cross-link designs in rigid pedicle screw systems. Spine 22; 370-375.

3. Gleizes V, Viguier E, Feron JM, Canivet S, Lavaste F (1 098) Effects of
freezing on the biomechanics of the intervertebral disc.
| Surgical Radiologic Anatomy; 20:403-407.

30 4. ‘Habtemariam A, Virri J, Gronblad M, Holm S, Kaigle A, Karaharju E.
(1998) Inflammatory cell in full-thickness anulus injury in pig. Spine 23: 524-29.
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conpositions of preparations may be applied simlarly or wlthApuli208bl e

nodi fications to treat intervertebral disc disease in other mammal s or even
in other vertebrates. For exanple, canine IVDis a known problemin
certain vﬁ@%m? cgeds. The methods and injectable pr _epalg@ltd' Qﬂﬁwéj/! scl osed may
t hus be. applied to dogs or other pets or donestic or doneSticated
animals, as disclosed hereinabove. Wile the invention has been descri bed

Wi th respect faeivd AMKoRENGHEROR! ToBhe® UbpdbrBRam Al VidilJ, Grensipgr eci at ed
that many variations, nodifications and other applications of. the

i nvent i o, rieyabasjumid e 1887 )c lnflamenatpryneell imexaaitprntah itersertalial fisCot  he

i nventiopn. R ngee qknterest 1. Chiba M MLain RF, Yerby SA et al.
(1996) SW&FY%égéﬁg%%éggLﬂgle instrunentation - Biomechanical analysis of
susppl engnt al Mamodstbinx dilf, oMcLSjni reF, Yatby 288- L888) 2BeinforoporN Qf zdebl i ck

TA, Bartel BD et, al,. (1997) Mechanjcal eval,uati S$4.l dK designs in
rigid pe&%@'%ﬁ’%\/@l@%&%@@ ¥ pﬁglcﬂn p%ﬁgl?%'c%&e?% %’lﬁ}’z‘%’sfil é% gui er E,
Feron JMgzanivet S, Lavaste F (1998) Effects of freezing on the

bi onechanics of the intervertebral disc. Surgical Radiol ogic Anatony;

20: 403-407. 30 4. Habtemariam A, Virri J, Gonblad M HolmS, Kaigle A
Karaharju E.  (1998) Inflamatory cell in full-thickness anulus injury in
pig. Spine 23: 524-29. 55 17 April 2006 WO 03/049669 PCT/1L02/ 00997 5.
Kanerva A, Kommonen B, Tol onen J, Habtemariam A, Virri J, Gonblad M
Karaharju E. (11997) Inflammatory cell in experinmental intervertebral disc
injury. Spine; 22: 2711-15. 6. Marnelstein LE, MLain RF, Yerby SA (1998)
Rei nforcenent of 5 thoracol unbar burst fracture with cal ci um phosphate
cement. Spine; 23: 664- 670. 56 17 April 2006 CLAI M5
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1. Use of collagen cross-linked with a reducing sugar for tlHeApifiact ure
of a nedi cament for restoring and/or preserving at |east one nmechani cal
property of a vertebral colum or a part thereof. 2. The use of coll agen
cross-linked with a reducing sugar according to any of the preceding
clainms, wherein said sugar is D(-) ribose. 3. The use of collagen
cross-linked with a reduci ng sugar according to any of the preceding
claims, wherein said nedi canent iscapg ectable nedi cament and wherein
the concentration of said collagenin said injectable nedicanent is in the
range of 25-90 mlligranms per milliliter, preferably 35-55 mlligrans per
mllilitde of Ussiof dalipgen ivss-irddccwitie at redacingrsiggs éorothegvpnudfgeture

cross-1linke i & educi S C i o] 0 i ng

cl ai s m&ir%fﬁgqi%rﬁe@eg#c [éér%%'?#qg ?fhoﬁgrr Bgegs'hep?\ﬁpé e%t Bh%r}énar}ﬁ%(ﬂ{aﬁg%ql y

accept ablpgofertyf 6fa oért@briahasiBaeoit & pattlie@otept abl e injectable fluid. 5.
The use of collagen cross-linked with a reducing sugar according to any of

t he preceding_cl ai ns, wherein said collagen is selected fromithe group
consi sti g of HEVHHR %peﬁw%b@r%ﬁé-' eﬂa\@{gh,a eimatis %@éf@&éﬁﬁl% tol | agen,

| t-ai ' : : I : nbi t
co agen,aggeoﬁgﬁk?gﬁclregm %ﬁﬁg,%dé%rm g@ggygémstb%%% agen, reconbi nan

col | agen ngl neere nodi TTed col types | coll agen,
type Il collagen, type | X collagen, artificially produced collagen
manuf act & ed Oye gehef cobadsn enatistinkedewkbray oeducing swgek acgording del | s or by

geneti cal | i fied qraanjsns, purified.collagen and_ reconstituted

oo 11 eaach Poghe Siospfrgrengp: hdrein Rai SopREEReRl i LT | ipridete

reconst i tyédcarabr! MREMNHAGINGRE RBeBntratith 6083H RIS in BARIiARIctalle The use
of collagen cross-linked with a reduci ng sugar according to any _of the

pr ecedi ngnedieamsnt igHatee narge ¢f Erakptiligrases panmililitse rstosably B 57 17
Apri | 20%”@%#}%@@1”&%?8%&# '@81:&% H(n%g&Lér;gﬁéht_\/ertebral colum and a

cani ne ver N~ GEe o 'agen cross-linked with a
reduci ng sugar according to any of the preceding clainms wherein said
restoring.and/Toe pse o collagerc onestiddkedalvith |2 asducdng sebat rectainhgw ng

effects: - increasin he spaci ng between the two vertebrae f| anki ng an
- any of the prec%d}ng cla?ms wr?ere?n said med?cament f%rtther cornprlses a g

pharmaceutically acceptable buffer or a pharmaceutically acceptable

injectable fluid.

5. The use of collagen cross-linked with a reducing sugar according to
any of the preceding claims, wherein said collagen is selected from the group
consisting of bovine atelopeptide collagen, porcine atelopeptide collagen,
collagen obtained from a vertebrate species, human collagen, recombinant
collagen, genetically engineered or modified collagen, types | collagen, type li
collagen, type IX collagen, artificially produced coliagen manufactured by
genetically modified eukaryotic or prokaryotic cells or by genetically modified
organisms, purifiéd collagen and reconstituted purified collagen, particles of
fibrillar coilagen, fibrillar reconstituted atelopeptide collagen, and combinations

-thereof.

6. The use of collagen cross-linked with a reducing sugar according to

any of the preceding claims, wherein said vertebral column is selected from a
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intervertebral disc of said vertebral colum, - at |east pd7tAmili2p06
restoring the flexional nmechanical properties of an intervertebral disc of
said vertebral colum, - at least partially restoring the torsional
mechani cal properties of an intervertebral disc of said vertebral colum,
- at least partially maintaining the spacing between the two vertebrae

f1 anki ng 3 hlighY GEAERER! catiPR, U  KRiithsh V%#&Qéﬁ?oﬁﬂﬁm&nd "3 aé%r{iﬁéSt .
partially mintalning atfter the injection of sald nmedi canent the fl exional
mechani caertpbeotures. of an intervertebral disc of said vertebral colum,
- at least partially maintaining after the injection of said nedi canent

t he torsional_ nechanjc properti.es pf.an intervertebral djsc,of said
vertebrall- ceres ot SallagBn ST gerb Wit eGSR Geiid 16585 ne

i nternal &ﬂﬁégrééfedﬁ*@ SaindWRkrsh sl AlstéhirgCamd/olr Préddeving ebRiptiseylaposus  of
an intervertebral disc of said vertebral columm, - inducing devel opnent of
one or migastenesdihe felgwioasffectssue, fibrocartil agi nous tissue, and dense
fibrous tissues in the internal space of said intervertebral disc or in

t he nucl eus pul &%PQ i e LS f s PRV col um.
58 17 April 200@Q§. Hi @%esgéa@élP%g%%ﬁtﬁgésﬁvgn %ﬁgﬁﬁ?hﬁ%ﬁgﬁ%ﬁé?ng sugar

accor di ninterverigbyal afisd dlesgid eerdbrag coluanrs wherein said restoring al so
results in at least partial relief of back pain. 9. The use of collagen -
cross-linked with a reducing sugar .according to any of the preceding

12t s wher ei n At ast e ek dnSORas (g TR daScnaitialbronaiedl dofBar ant s
sel ect ed j{ieR/Er @B LiRSSF $did kel LaRath, hyal uronic acid, cross-|inked
hyal uroni ¢ aci d, hyaluronan, a drug, a therapeutic agent, an anaesthetic

agent, an anti-inflammtory agent, %I ycosam nogl i cans, proteoglycans,
nor phogeni ¢ prodleleast gestiedigrresiering, thedeesiena anashanigdiciperitisgcehan i des,

mat ri x prrﬁéﬁ)gp%greﬂg@%%&Ogeag&bﬁhgbraﬁ LARG iption factors, anti-inflammtory

agents, f) ornonés,” geénetic material for gene therapy, a
nucleic acid, a chemcally nodified nucleic acid, an
- at least partially maintaining the spacing between the two veriebrae

flanking an intervertebral disc of said vertebral column,

- at least partially maintaining after the injection of said medicament the
flexional mechanical properties of an intervertebral disc of said vertebral

column,

- at least partially maintaining after the injection of said medicament
the torsional mechanical properties of an intervertebral disc of said vertebral

column,

- inducing in vivo formation of fibrocartilage in the internal space of said
intervertebral disc or in the nucleus pulposus of an intervertebral disc of said

vertebral column,

- inducing development of one or more of cartilaginous tissue,
fibrocartilaginous tissue, and dense fibrous tissues in the internal space of
said intervertebral disc or in the nucleus pulposus of an intervertebral disc of

said vertebral column.
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ol i gonucl eoti de, ribonucleic acid, deoxyribonucleic acid, d7dpmedde

DNA/ RNA construct, DNA or RNA probes, anti-sense DNA, anti-sense RNA, a
gene, a part of a gene, a conposition including naturally or artificially
produced oligonucleotides, a plasm d DNA, a cosmd DNA viral and
non-viral vectors required for pronoting cellular uptake and

transcrigtion; ) 0y h rOiL b e A m oitin
6- sul f at g’ ker-rg'ié-aﬁéés/&??g{%@gg&n&pgﬁe&ﬂpgt%,réalﬁlbéﬁ%ﬁa?%@tﬁgggr (!m ggl fate,
hyal ur onamy @ thec pteéaediniae blaims ewlseriein shidresteond yatem resudscior Bh Jedsitgl ycan,

fibronmodul in, | um can, aggrecan, syndecans, beta-glycan, versican
centrogly@gﬁyﬂggggﬁéémeg%'fibronectin, fi broglycan, chondroadheri ns,
fibulins, thronbospondin-5, an enzynme, an enzyne inhibitor, an anti body,
and any conbinations thereof. 10. The use of collagen cross-linked with a
reduci ng sugar_according to any of the preceding clainms wherein said

nedi cane® f urlhgerse pf COtRIED REOSSTIinkedr with yéh éedWAng iSYDAE a6ePIdNg 1. The use

of colla I - %‘?ﬁ i i [y f the
pr ecedi n%ﬂglogitﬁré%\y\#er el C}Sglgl}lg m@eeglggg%éﬁ?n ?&ugﬁhgﬁmﬁ%g&ﬁ%ﬂsﬁﬁ%&mre
types of ndrei ingrediehts seldcteldefremn neaigloss-linkegl collagermrieyaaoat adidi, rom 59 17
April 2006 vertebrate chondrocytes, vertebrate stemcells, vertebrate
pr ogeni t §FosSainked ﬁ%‘l“f%‘?eﬁ of FW'HFH%S@ %@91 @ Hsiaprewti BgeBhgRheered to

secret e aRgeOhelr caént, T | apBlifRRod) Y SISAT NARALHRogRRisEO0! yoans,

mor phogeni ¢ proteins; growh factors, tr actors,;
anti - i nf paoteeglcgnagemerphogenii nsprotéios nomiscoppetpinsde s munograteiris, nat i ons

thereof. 12. The use of collagen ¢ross-1inke ith a reducin ugar

acoor di nggpliatifarties, meBBiPriEBRa HoWiRdr et LSRR AN f ur  her

i ncl udes a@RgnfMMERIG d9PRS, Sotdih¥] PEpHRIY, horMBhBSE§SRkticOnRASiASEr r ecept ors
to one or nore nolecules selected fromthe group consisting of proteins,

pepti desgener MsiaBy, aylnusiianteidgla caemicailpt ewglifiesariclaior peidgen ¢

Do U 8l AT5E4 0B 5Ch, A0bil ARRG9LY 2gents
construct, DNA or RNA probes, anti-sense DNA, anti-sense RNA, a gene, a
part of a gene, a composition including naturally or artificially produced
oligonucleotides, a plasmid DNA, a cosmid DNA, viral and non-viral vectors
required for promoting cellular uptake and transcription, a glycosaminoglycan,
chondroitin 4-sulfate, chondroitin 6-sulfate, keratan suifate, dermatan sulfate,
heparin, heparan sulfate, hyaluronan, a lecitin rich interstitial proteoglycan,
décorira, biglycan, fibromodulin, lumican, aggrecan, syndecans, beta-glycan,
versican, centroglycan, sergly;:in, a fibronectin, fibroglycan, chondroadherins,
fibulins, thrombospondin-5, an'enzyme, an enzyme inhibitor, an antibody, and

any combinations thereof.

10. The use of collagen cross-linked with a reducing sugar according to
any of the preceding claims wherein said medicament further includes cne or

“more types of living cells.

11.  The use of collagen cross-linked with a reducing sugar according to
any of the preceding claims wherein said medicament further includes one or

‘more_types of living cells and wherein said living cells are selected -from
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vertebrate chondrocytes, vertebrate stem cells, vertebrate progenitor cells,
vertebrate fibroblasts, cells genetically engineered to secrete one or more of
matrix proteins, glycosaminoglicans, proteoglycans, morphogenic proteins,
growth factors, transcription factors, anti-inflammatory agents, proteins,

hormones, peptides, and combinations thereof.

12.  The use of collagen cross-linked with a reducing sugar according to
any of the preceding claims wherein said medicament further includes one or
more types of living cells engineered to express receptors to one or more
molecules selected from the group consisting of proteins, peptides, hormones,
glycosaminoglicans, proteoglycans, morphogenic proteins, growth factors,
transcription factors, anti-inflammatory agents, glycoproteins, mucoproteins,

and mucopolysaccharides.
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