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Abstract: A therapeutic nethod for treating mammalian intervertebral discs.
‘A preparation of cross-linked collagen is injected under pressure into the
intro-d ce. The intervertebral distance in inj gi-scs is

| mmedi ately 1 ncreased by the treatnment. At |east sone nggﬁanlcal
~properties of the treated vertebral columm are preserved or partially
restored. The nethod nay be used to relieve back pain in patients, to

i ncrease lﬁé*rH@ﬁs *ﬁE\ﬂbEsamnt PREPARA'W@NQ ROR INPERVERTEBRAL DIEG

t herapeutic neth may résult in at |east a partial regeneration of the
- nucl eus pylpo;us and/or devel o artilagi nous or
fibrocartilaginous tissues or dense fiDbrous tissues.

FIELD OF THE INVENTION

The present invention relates generally to methods, devices, and
5  preparations for ireating intervertebral disc pathalogies, and more specifically to
preparations and implants including collagen, and cross-linked collagen and

methods and devices for their introduction into mammalian intervertebral discs.

BACKGROUND OF THE INVENTION

10 Intervertebral discs are semi-elastic discs, which lie between the rigid
bodies of adjacent vertebrae. Intervertebral discs form about one-fourth the
length of the vertebral column.

~ Intervertebral discs are composed of two major anatormic zones, a
peripheral part, the annulus fibrosus and a central part, 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
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extension of the vertebral column. The resistance of the discs to compression
forces is substantial. |
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
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prot eogl ycans. The nucl eus pul posus contains Type |1 col | agéhApril 2006
Functionally, the intervertebral discs perforns two inportant, but
somewhat conflicting roles. They maintain spinal colum stability while 5

. provi di l umm with necessary flexibility. Wt i vert ebr al
di scs, tqﬂ%w[ﬁaﬁﬁfgn spine is unable to bend and its funcﬁ/%‘ﬂﬂégg&greatly

| mpai red. Nunerous nerves cross outside the spinal colum through openings
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stability. The .intervertebral discs also function as shock absorbers. The
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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
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WO 03/ 049eemapredrwithoghoulogytes from age and sex-matched controls. Norma
| 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, 1998). | |
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




sections of normal and degenerate intervertebral discs (| VIHABZ0p
Reviews in Ml ecular Medicine, 29 March 2001) The corrposi tion of
col | agenous tissues changes naturally with an individual's age. (Erdal
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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, fusmg the vertebral
bodles and aEle\natmg 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.




growth factor and vascul ar endothelial growth factor expreski#priiZ908i sc
herni ation tissue: an imunohi stochem cal study.", Eur Spine J., 6, 63-69,
1997). Lunbar spine deconpression is a commonly performed procedure that is
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PCT/ | LO2/D@R}Kfination of the following mechanisms: 1) 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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Artificial discs have also been used. The artificial disc i Apgli2pfed to
replace the entire disc with or without |eaving sone of the annul us. Mst
artificial disc designs require renoval of the endplates and fixation of
the supgyh@sepd inferior surfaces of the inplant to, bral bodies.
The main %ene%%t of replacing the 5 entire disc is th %ﬂﬁh%&%%ﬁc IS
consequently | ess dependent on the integrity of the annulus and the stage
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owod S SpiFREeopis B Hie e Brasdie wil e bRl sirbep e RERBRIC, 0 i o

nerve roQgigRIBl €ssi on, causes back and |eg pain. In th| S operation the

surgeon typically reaches the | unbar spine throu 1 dl i ne
posterior i ncitsiagrinoplagpihe backod’ thesPingHs §xPesed 0@83 8+@5?31?er¥ the 17

Apr' | 20Q6, WA 3613 GBRRNED AL 8P P Rninectomy 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



. canal

conpressed nerve root(s). According to the pathol ogy, the |ldmprli208fy is
performed on one side or bilaterally. Pressure is relieved by renoval of
the source of conpression such as part of the herniated disc, a disc

f ragmentyo gs4bdépor, Or a bone spur. 5 Laminotony is al,é]?ﬁﬁydoggz,asive,
procedure which nmay be regarded as a refined version am nectony. In
| am notonmy only a small part of the lamna directly surrounding the

af fect ed ndbregsl Fhik &i@es a paigdleracsull Ahichadraws dBe eemidthatawanfroat ony i s
superi or. is believed that the | ess bone that is renove t he nore

strong ar’ﬁ'@? Q@%{Blm‘ét thesehyeiplieingBaigt Indbisarea ok neqgle PIRCEBERLNRIS RSt hose 10
procedur g3 y Wal étrlfgrtr%r‘ég tﬁﬁ'dr@‘dﬁn%%/ 804 e \Férfe'b?éllc\ﬁ}urﬁrh%%%xltﬁf;%ew&h I nci dence

of subsequen I ons ten worse than the origlna pl’O
because of blodtk vesssld. t?k@)spuwf&remmﬁombomen wmmaindlsree'uw aecavsel as

| am n n of a | ney en the
vort cbr adterat s Brge 583 8aSh S e S R K P A TardE SR et omy
15 pr OC eGhtiglon. AlasplsowiRginRially ooisideses td&aﬂ forrsplrieesurgényddicausd laspace bet ween
~adjacent vertebrae. In | am nogl asty .t he back of the.s xposed but

in
i nst ead @Patt%é’rbféﬁ?r'z%i'ﬁ!t@t‘&i'it"é egleivitch alep\asds IR cayRE” ﬁ“‘?é‘ﬁ?'ﬂ tony and
| am not og}h \?és§elst?ﬁ{ Is\éﬁgkened and bent outwards thus opening the
pr VI I ng m)re room for the spinal cord. The probl emis how to
stabilize theUI%mah@‘ltl Not 5;855;8@\'&/ dipdesas epparstuseiall lageschreataget fafre used for

| am atiaon wa, t ahi t ake a bone
gr af ?(?fr r?\ak ﬁ@ﬁ'ﬁﬂﬁa | ?ﬁw@%otgq%yoﬁlcﬁgsr @'%SJ%PMH{%%AO? ébgﬁ:'tg and wedge
it in positifradiatirg it With 243@r gt dortvapotizing ita in 25 its new, nore open shape.

This is generally effective but because. it rrangenent, it

can lead to sHH’B’@”?%&S%GW%UPP‘BWS'Y%W%WV%W%“ t?W@”% Y88 M canal . I't

a' SO | ”V%éf/s%s @Eeaﬂgs%ﬁ@tﬁéf isSaViitas htl&eerér:@ﬁ]eoaafﬂchﬁ\/ 0 jddgmgand taking
bone graft not her techni que uses a surgical inplant device.

per cut anéhles depﬂgearf tisbse ablabompBines thensyrge@Dyeneralhpeiniscangl shoots 1ihﬁser ted into
POend DRI Sl ded OIS SO RRING, i O SR NRR T oL
into the fé@ﬂﬁh'cﬁ todjoblge armv deedin the . lasemis tlJitﬁwngBetEdneethhy tisapari zi ng a
: tiny por tbloggs Olrgama%tsdegg sr}lzalﬁ\%r‘!ielzs gf?eOnGIimltﬁi%/c cf's%Ggrgx& ity of Ifhezégqugiw
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.




nucl eus. This creates a partial vacuum which draws the herlfi2R#HF0@way
from the nerve root, thereby relieving pain. In this area of needle
placenent there are no vital structures that are dangerous to the
vertebral colum, as exiting nerves or blood vessels. PLOD is different

from open | unipg Qhﬁ#:tSNbQQ?28@96@U§%c@sbbefr@truﬁ1éﬂl@s R GRetBdE MRy back
nuscl e, no bone renoval and | arge skin incision. Lasers were initially

consi der ®@sitigailg PosPEE n@péantgémtylrb@@auy@rwea@@raj digb| apacerbajaperi ze
tissue w h also acts to cauterize and seal the small bl ood
vessel s mﬁc%ﬂ?%?rstgs@gg U S patent No. 5, 865,833 discloses apparatus for

I aser treat ment.Sf grated0 Noeabi2ss, 126 UiMsOfa amuthed Body regjsdtings
herni ated | unbar intervertebral disc irradiating it with laser |ight
for vapomtgfvegeptal SBﬁF%rUtSUr}SlaQ%WeWPE%F% aflpgrafictiacekpensi ve and sorrewhat

tedious to usgy S” ét@ﬁtseNBroé g{a@%] é&%‘c@%’é désgrf%flﬁ@aag@r w}é ers is

t he dlfflcultylnjudglng t he t1'ssue a tron Slne sur geon
general | wtpmart(ebrainsbaﬁeomrtsmgt hgblits mawralwcbhmﬁsedoot acblcr@gmrmnlda ssue, he

or she does_ n e_any ctile edback to judge how dee t he | aser.
'S cutt: RYBe JmelHal e ab Sopete orlwcdw#sﬁﬁga%angpl Hher ves

of ten I'i ghtdhicPeBratldpsa quexi mty of the spinal disc, is essential to

mai ntain a mni num depth of tissue damage, which cannot al ways be ensured

with a |aser. Deficeney of wab@ﬁmlpwwmgm Qe@@emtw cbam@&a mebyo PLOD

that is ul,posus renoval atent No.
6353 ooslifiedl) Pdceditls it Sids UBESHREI nalty GBS pesurddE e b
appl yi ng detdriorgicninsitieddind dfoemdene i) ectrical energy through one or nore
sui tabl e electrodes to the disc tissue to reduce the volune of the disc,

t hereby rel i efPRgYstaSsRIIBOSKS I8 Sigidiwithips alaamber, ’rhféWﬂllgwffwf@qlm@ﬁ%y ener gy
may be syt 4 éﬁ?s{ﬂﬁr%sﬂs%%dtfh%’\/e‘?{eb‘r%)epla{égc*rﬁg%é’ﬂé hin the
annul us. € electro e

erm nal I's advance annu 'Uus a

suf fi ci ette hugbu$ rpﬂ:ﬁpwmsysméd@gahibﬁsamﬂmmtlbn amentasaclaradnd heursk  t he
col l agen fi I?ers W t \tkj ucl eus(ﬁﬁ‘?# posus. This causes the nuc] eus
pul posus PIT&RHPRKNY H Gfrr ict‘%nqynﬁf Aylass: PEIRogH Balssial ner ve.

30 A cong hﬁgﬁélésafr%ecﬂ’cfrﬂgf‘cgﬂrtﬁalt RhGS Uhid ﬁééuﬁw%mﬂn%n&ﬁg ratlon

of the interverte C space using an I nplant or an injecta
mat er i al vascuar end Ingusalgurolifgratiara bl hds srpactmnmyebalfﬂudimraé:hhaﬁameldby 17 April

posi 1 onlH TSRS REMEWAU PRI SHPMATEIRT obr ai di So space bet ween
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




adj acent vertebrae. U.S patent No. 6,258,125 discl oses a met/horrilf9po
regaining intervertebral space using an intervertebral allograft spacer.
U S patent No. 6,240,926 discloses a nethod for regaining intervertebral
space using hybrid materials conposed of a bi odegradable synthetic

mat eri al grieCiRterverdinardisy of thaffanfhaP VB[iRke bPanimBeabiOf@d fskiuding
I ntervertebral discs cells. Deficiency of nucl eus "pul posus caused™ by

degener atGollagemamgedinged with 8 iedicing spgaycedur es of spi ne deconpressi on may
create secondary deterioration inside and around the disc. The nucl eus
pul posus is sited within a chanber, the walls of which are nade of the

‘annul us fi broduierang furtherept®lided, [l alcedrdahze Wathe@nalemifdimbBhcha t he
nucl eus pultgosus is made, inhibits inflammtion and vascular and neural
proliferdp$ RAviPt Heating maamgE withpdegenasaliye discndispase Phg poafbednat eri al

enhances i PGRaIus AR indling @Mt 1BLEN oFBYintéaUhboral didt! LfTR! i on. and
vascul ar and neural proliferation. Thi's reaction nmay be Turther enhanced by
macr o- noveamantad acfoltme ofedr BijedtabledludptcgudihqrbiagerAddissiliokad with Aack of

nechani cal ,st.abilization due to ri nking, of the, volyne of the nucleus
pul pos:Js rﬁ%@m?%éHIQ?Z&OHEQFBq%S-Wéa@:ﬁ?%SUBg 'Et"ﬁéw'tﬁﬁh%‘!e $¢-i br osus and
eventual 'y to Thage dgVvRlHeFeplovitied, eRf 2icBhrddne8Uivith bR bRfbodARaM Us

fibrosus. Narrow ng of the Inter-vertebral space creates non- anatomi cal
| oads of nigtbod of thasppeuticadlptinjpeling 8 fiwiciconinining atasatlinket eatlagen into

osteo-arthriti han 1N 0se. j-@ints.. SUMVARY THE |LNVENTI ON, The

present i%WSﬁﬁ'ﬁ%@a%F‘g‘%eﬁ%’SQSbiiﬁ %C'oﬁecmqt%‘ﬁgm%%@ﬁ H‘k%%' %f@dreduc! ng
sugar f olintb maenmmrhanbga@ @f the St ARTRNbNf BfectiBh ObrckBGre2 B kiBlent 6 €Ser vi ng
at | east one nechanical property of a vertebral colum or a part thereof.

| n accor @avéée the Rtrardissa pupsme o arselected ppssurelleyeh nethod for treating
a mamual with rat.d | i ho | NG | nj ecting
into at | east Tﬁggé;ggi@H&égﬁga@eﬁhﬁﬁf‘%@o{% raqn%\htlhs%no t%o@?@éﬁrﬁa?ﬁa vol une
of an i njrgettablee ptépsrdtiomdbudnjegting dhicaganintgwagebiatkdige Woi hindudiggluci ng
sugar . Tgsre is further, provi degid I n accordance, with an enbodi ment, a

met hod f §Pracaeiiegs fPrnationda vive: dhergea@tianinay ncldesas inedablerbigret hod

-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 degenérative 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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may include pressure injecting into at |east one intervertebr&prilfi086 of the
manmal a vol une of an injectable fluid including collagen cross-linked with
a reducing sugar to reach a selected pressure level within the disc. There
is further provided, in accordance with an enbodi nent, a nethod of

t her apeutisalrble mh@tehango antfedisd mt@stahee étaesn! tH@J_‘WoCOéHté&@E into a
manmmal i an intervertebral disc. The nethod nmay include injecting the fluid

i nto the atiecbhed & thepdise(sdf t he di sc us| ng an injection pressure suffl ci ent

to elevate t tra a u el e r r There
is further pr rcﬁ}éééd{s F%Jﬂzeccrcbrogjﬁéé vﬂt c%gﬁd oﬁﬁ’eﬁ% %irﬁ%’o ggt bl e

pr epar at iméthbdrfol @it deadtngartiaihorestoriny er eesebing adiesst bae madmm
fibrocartilage faormation in vivo. The preparation nay_include an injectable

fluid coeReHy & Haleastions aeg@aﬂrab\\g%rd@q ¥ A |ratireld WQ inethpdd@@yng sugar .
There is t t gt hod for

i ncr easi ﬁlgé,?(?rgﬁﬂee%ﬁ%&?ggéag% ?g‘%?{ %g{‘}ﬁ%&\% ?/%{ra%dy am Ie’ﬁ? |Vsoél§n8ysfunct| on
in at | east ijedablet er@;mmmimr ahclddisg. alerecmiplabtilerrbwdumﬁiadeaterm! doting into
at | east .one di

| bl e fluid I udi
Col 1 agon B ggse HieRiitia ReweFBne: o Witeior SleRbrd e I Abloat barce -

- between tdpg two vertebrae attached to the disc. There is further provided,

in accordance with an enbodinent, a nmethod for increasing the height of a
pati ent havi ngheréyigr Mmeanwr@vm!edc lndgeﬁqrdame)rwwhw aait elmias:tlmene a

i ntervert .The et hod i,ncl ude r,ess ctin to at

| naer " ongangy B St FRTIRR) R, ABFersRiy R R Gar T e rielhad

cross- | i mkad indludle Bpressluei ih%cﬁlﬂgaﬂntd Gitrieash oﬁesmt@oé@ébral raﬁg@odltﬁé al
pressure level within the injected di sc(s% There is further provided, in

accor dand¢@aMmah 2avolemeoel AR Atiectablererapsdatia incliding icatipgritio fRadk fesul ting
from deg%gperceéd éfeﬁgh% eqrbﬁﬁﬁﬁiﬁ th@d?s l( atient. The nethod may include

injecting 1 nto eas one intervertebral disc of the patient a volune of

an inj ect abl e Tiheepaisafurtheri pedvidéd)gina decordzmieat ithe ahO elnbofihieht, 26§06
bi odur abl e RH grlal to |n rease the di stance between the two vertebrae
at t ached NP doindueieg ateasta partin| raaeperafian Aidbe, NUCUSRWPOSHR @ wi t h an

enbodi MeReyef nﬁgﬁthﬁd &Pla ﬁoh@?ﬁsu@a F'f?drbéfarrtl%gﬁl%dsngisgue PEESBhYe ng at

| east one nec anr cal prop rty east one enerative disc In
pati ent . fibhmusntssues iney 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;

11




include injecting into at least one intervertebral disc of ¥hprd0bent a
volunme of an injectable preparation including a bioconpatible biodurable
material to increase the distance between the two vertebrae attached to
the at heaedoses disc. There is further provided, inageHfgce with an
enbodinment , a nethod for treating a mammal wi th degenerative disc

di sease. The nethod may include pressure injecting into at |east one

i ntervertebragjgdi 5520 aFehshot raphd AlustrBtiny thenforMbRet ablaripigepar at i on
i ncl uding col | agen to reach a se ected pressure_level within the disc(s).

Ther e i s tifsue briwepn paitisles, of.crmdta&sedjaﬁlta@ewlmﬁctaﬁ inderfsusyRskicial Rartet hod f or

i nduci ng tial regeneration of the nucleus pul posus, or
devel opngﬁtadbﬁ%%gpgﬁ%g%i nous tissue or fibrocartilaginous tissue or dense

fibrous tissues in a degenerative mamualian intervertebral disc. The met hod
may i ncl ude i Fige8tisray stharatichpadiicsessaaectional chiagia® ipusifpdingta systemcl udi ng

D Ros A PTG Plellaf of AEGER B8R o MekoT aPERTEMR, T,

(rjef er encﬁaé ?r&?@lﬁé@%ﬂffmﬁﬂd fon Gardr thel ressure rat\/the Gﬂi]ed:tokeuttanmminmnime are
esignate i ke reference nuner rein: Figs. 1A:1G are

phot oni ci¥ @‘éﬁ‘ﬁ%’ SPaeR: é%@?ﬁqu%|W¥%?%@F‘£g$'”?@éPf Wﬁg’reﬁeﬂ(@few% pi g
intervertebral discs obtained in EXPERI MENT 1, including control discs,

sham oper at edF@ls.Saﬁ-mICbréil ffotodrapies iIRdriidd vaidues eorfflgasatiohs ndfeghe col | agen,
in accordance with an enbodi rent of the nmethods of the present invention;

11. 17 Amadlf@dbl@Tmr@gﬁwn@%@d inpRTiornngche dirngaganicalmess prgents
phot ﬁr@%xﬂeh%lﬁﬁta{ giti’lé%ﬁ e df B b merﬁé"ﬁh JJ @‘nga b&ﬁh‘l bet ween

part cI es 0ss-Tinke agen 1 nj ect Into t iclral part of
rabbit eaeggmentsi fragecorﬁog andnals anc!sfrbmn’amrrlalqobamngrlmsweﬁebtal slirtds di agr am

illustratin S or intra-disc i npectin ribagse
‘Cross- Ilr'ﬂ&%%e@&ﬂ' d Qﬁe&FR?Sfﬁ'BEeﬁgrﬁﬂ'i%Pa 'Hgf‘cPﬂ@aaPB? @}gﬁ Eiiﬁ*f%‘{’m? ction and
the presgpyd meflodsk thdh@setMin@tibet and in the intra-discal space, in
accordance with an embodi nent 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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Fi gs. 4A-4D are photographs illustrating various confi gurati7od&ilgi00¢ he
nodi fi ed | NSTRON devi ce used in perform ng. the biomechani cal neasurenents
10 including extension and flexion, and torsion experinments on pig spinal
colum s8eEbBLs from control ani mal s and from ani nal - g? Go7
intervertebral discs injected with ribose cross- Ilnke agen, in
accordance with an enbodi nent of the nethods of the present invention;
Figs. 5A-5D are X-r @etAREODRSCRATIONCDF FHE MIVENTION vertebral colum 15
illustrating the intervertebral spacing prior to and after intra-discal
i njection of ribose cross-linked collagen, in accordance with an enbodi nment
of ‘the methods of the pres&efationnsedi oUGMt Fi gs. 6A-6F are schematic
~graphs illust . r ﬁﬁgg results of extension,
fl exi on and tgﬁéhgﬁ @??W@ﬁ égggr’?pﬁﬁﬁﬁ %ﬁgngiected pi g spi nal colunn
segnents fromcontrol and experinentally treated pigs having
interyertebral di nJeCD@ﬁnﬂl rloose cross-Tinked col l agen, in

ML $ § 's—of uue present invention. 25
afﬁ B

—K

| LED DESCRI PTI ON OF THE

accordance with at ot
q g 5 OF
Ililvgl'l"lb\loc]r\lI 5 ﬁgtogt %&}0491 g:ﬂ%g% 89?8%?1’&%'8?& ion is used

t hroughout this d S| V I.ntervertebral disc disease
PLLD Per cut.aneous MdEer di BeSigEYIGHY @sszgre(glp]o YBEROPr ost heti ¢ di sc nucl eus
PLIF posterior | unferi nt erpsuiprendeialia geeahfadeul ar endot hel i al growth
factor DDD Degend?@Pi ve dD§@el@ﬁr§%@Sqﬂ'ée%ﬁeesent i nvention discloses a

procedure for reatl n |nt rvert br al s, h u osus
deficiency or ?H@?S?‘ﬁp@ée Pnd‘lhg 8?59% ﬂlpéég rg&pgﬁgtll@c&lt n%r'[gdum ng a
| ong act igibshpemraiidbe silpssedddficiined cﬁQﬂt!hérgl?pes Ioﬂtdﬁscbbﬁhleet@r vertebral

di sc or anot her suitable injectable material that
degeneracy by introducing a long acting biocompatible crossed finked collagen

into the intervertebral disc or another suitable injectable material that is
10  biocompatible, and preferably also bio-durable. Preferably, the injected material
or filler has water retaining capabiliies. The cross-linked collagen may be
intfroduced into the discal space which was occupied by the deficient nucleus
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.
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10 bioconpatible, and preferably also bio-durable. PreferabdaApilRd06n;j ect ed
material or filler has water retaining capabilities. The cross-1linked
go}!agen may be introduced into the discal space which was occupied by the
defici ertg ys pul posus. The cross-linked collage ot her
|njectable&%ﬁkﬁer material may nechanically stabilizépﬁﬁghgggc and the

adj acent vertebrae. 15 In addition, the introduced cross-linked collagen
my i nduce of \BHHBRLIG, e RicbASTRDLANEbr HePresatlinichen hdydeluseaue wi Lhi n
t he chamber tﬁht_nays%onpfFée _iB@?ﬂ?é} ga%ss-I“HLed coﬁpagen particles
enmbedded togatheémwith omint ddnatgeationkdthoether krismmuiberapestic medhegs, IBLEINYmay

contribute,to, l.o term st abi.l L | O I i ' l,es of the
treated thlt @PBQWQ%%F%I 5% m%roévﬁ%%tr%ﬁ §E§{a{;k§69§‘eaefcgri 'ggk'P@r%B%?’%@ sses. The
cross- | i nked teatrh@gen office B tof heattsatrhentsNas dwmoed iathedre enptied nucl eus
pul posus space or into the ig\tra-di scal ace of a degenerative

i nter@ertebra CHPERING ¢ RIFGECH B IOVIAL1 I GGG 0CRIEOYSER) . The procedure
may be appl | a@éﬁrﬁgﬁ&f Wlth 'Rk réieRBE EnisodihEROST e diré&ent Whichflon,ni ect abl e
cross-1inked col 'agen preparations. Alternatively or additionally, the

pr oc?adur ?h%mgosbéink@éccbllaggegmrmr&t@nﬁs injeded inde sondermafed degersjeledor fi ssured
annul us f.i,brosu Yo cutidiz e r =i nke l.agen

prepar at i"&ﬁf"@%g"f‘? dﬁ?rsi I Lrbﬁoie%%%%{ﬁ%%@ag(% %Eggt?%%%%’ %Jg]l%#\fvogal ly, the
I'nj GC%Qmet@ﬂ@ced_uutyﬁamitﬂém%m m:llowwjenﬂﬁgardemﬁ cgrerrmrmér haviret Ber with or
in conbination W ot her known, t her apeuti c t hods, i pcl udi but t
limi d@d tsyfficieatly ismallofiamedar fpJgingpizg r‘%@@ei Wnﬁﬁea%ﬂ‘rﬂ‘fﬁ ﬂ'%rog'i‘%pgg'ﬁsuusir]gg

| aser 11 GaliRAt vﬁt'hirpttﬁgrn&édéﬁss Rhipdigat st LARhBBNLE! ARl ian Kijewdblen the art.

5 Performng the procedure on non-herniated degenerated discs |n accordance
wi th one premsfretioredoreptisiog Minsomphtible ereasdinkad dofisgan isdnjectedhBtociss- | i nked

col | agen pr ratian.i.s 10 ' - '

i nt ervert\%ﬁg Oaipgﬁgliy%ﬂéiéé%%r g?%%a %@gbﬁé@é!@égﬁgggﬁgf&@%?%@na hol | ow
nefe']gl! e Orv;rl'}%h ann;lte}ateg@uuhaﬁ suffieidrit dovat tejaﬁmarn@lydesﬁooediem shapeheischavi ng a 10
sufficient smal | di aneter t I fi .
at ci ol S5 1 SPRENG (RN B PRI raones RaredRaRanProe e ab o

PheP ki R T p e g e skeleapnionen Lo oLeg e e
“preparation The injected material may act as a space maintainer and ag a pain
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
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which is injected should be sufficient to at |east partial Y Adi28P@ di sc
shape, disc 15 size, t he spaci ng between the vertebrae, and ot her

bi onechani cal properties and function of the treated disc and of the

spi nal weshehe@b colum. The injected material may ac-ag.fsPace

mai ntai ner and as a pain reducer. Wiile the procedure nayg%e perfornmed by
itself on painful discs, it may also be applied as a conplenmentary
Procecur gohBydll #E &t GfisObtabhd a8 idfonddid W Gl T SHERACHoNBN CareRr M NG

pr ocedur es. e outer part of annulus ftibrosus, nust be intact since

r upt ur es descritiesisn detzilthessinaftarin Experiraents [1andf 3, bespegtivetny  al | ow | eakage or
escape of the injected materi al ﬁﬁgﬁﬁﬁﬂﬁ an injectable liquid
suspension. Thus, the interverte N%ﬂﬁ§¥air nmet hod of the present

I nvention WYPig%5($L@T%m@fidL@me%]htbm Ba80i Kilbgeaths averet Aegstiwtizéabl e et hods
of sonme or all of the <contents of the nucl eus pul posus wed by

., i foll

i nt roﬁugi@@ﬁr@{tﬁﬁqsﬁ'@sfae@i etablished ibya voteg R i B‘}Ot?ﬁearr‘fﬁ@ﬁgﬂt?r'pul posus an
i nj ecta naf i IS bt ' i t hout
e R S e e B R Ve
8erfor medo tmme}clmﬁsentébrdegmsemmd. vA ste3ile opeldhg isvapde betwasin topdd. A first

egenerative ., US nycl eus pul posu needl e- ' . d
degener ataingeth%%gf'bsf'nj-gﬁf@a %ﬁ%éPE%?&O%?ﬂ’ﬁSEﬁzﬁihﬁﬁwﬁﬁﬂgﬁwi’%@g 885?849669
PCT/ | LO2/Q8R97fof &iiiing Va diraet agprohdts e tiab tasadis viertobmel nViHem thet . These

nodel s are described In detail hereinafter in Experjnents | and 3,
respélt i welsfior BRPERCVENFOMPiBiepsa refRCteidaaPPlied, afd é?ﬁaﬂﬂ@g BYUBS ki | ogr ans
wer e ane ' 5 I S; el | 4 erinar

st ng 11 IREGeASEy £o2EERE0E Bl aDEy s RBHIR WG B chonmipr ! nar
(speci fi drtblthe TE-FI glettebraemegiph.eanchinseipet theeugh theannblustiiversasiof aver t ebr ae,

d. A sterile. ' ' de,. b [
(Tbs. ar e WEPEHRPIEHISE SHEFPhEOTURG dero MEotipadst f5ST D itk o 7o T
obt ai ni NGualeds paplosaBf Paclsct 0 the thoracic vertebrae. Wen the 10 anterior

approach.is conmpleted a retractor is applied and the breathing volune i
decr éased. A Q'EeWW@%P@QTQ@Q)ﬁ%’%WSWO%&%dFHT M&‘”PW@%B"ﬁenan :ﬁto

the T6- TQ@J%@E{{ ﬁgg %gmé%g%d){b th%@?rdoﬁﬁéeﬁn(gthépwga@dgen@ém@u{%)f\,@,&r osus of a

i ntervert I'sC ecte I scs of “vertebrae T6, T7 or T8)
into to timeerted 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
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nucl eus pul posus of the disc. 15 The insertion was perfornéd April2Q86ri ght
side of the disc. A high-pressure 1injector was connected to the 22G

needl e. Anot her 18 gauge needle (186) was inserted into the nucleus

pul posusy8hsddbgesame disc through the annulus fibros di sc using a
front al_svgllas‘g 4pe?'let ration site. The 18G needl e served i’ér'slﬁgy@?gi ni ng outl et
for washing out the contents of the nucleus pul posus. 10 20 20 mlliliters
of steril; i b ninfeted diddE OUBhithhIe Sfeclrdlseredls ReRf @fure of
about 10 Ig?rﬁglé%@r\gzstnﬁtyﬁ%tﬁ sa 'i_ne _(I:orri_ ng out of the 18G drai nage needl e
was Vi sudhsertedbdripy dk t vertebrad,eder iidenitifieationg andatintgpseriebral t $RACHE eri al  of

the nucl eus | pasu . uantity of 0.5-2.0 mlliliters
of an i HP%%%”E%P%%PI %%@gé@g%g@e‘%e?%ﬂxﬁgﬁaﬁ%ﬁci ne col |l agen preparati on was

i n{ Iect ed undein éécflplrpfit.ﬁsth% ecollﬁge;ugiredtibe igqb@fna?a@u enwrlxdén‘eltwmogt df thet §df

col l agen was visually_ observed to cone oyt of the needl e uysed for

i ai nage. INRRLGHEPR. | FIBETERP BHIPEHE TS Hiic Vpiia V9o BPSCe PUgan i s

conpl et qujel':ﬂftﬁm B Fo-28r RiNAGE Jreeiiie WaRmahd BRERE] MepsThittednAtHous fibrosus
and another quantity of approximately 0.1-0.2 mlliliters injectable

cross- | i rdolisgervinjestienwas perfpeaecs dTtes thindrverighra wWes psed aregParainti | t he

col | agen | eak . ey . h r‘ﬁ-@ﬁil val . The
22G needl e i s%pggho%tﬁgﬁg&nﬁéfé%&ﬁ%g%@?g@”‘éér?d&fca%b%rq-a séﬁgb e nyl on '
stitch washdtad@igwas alvekdred. treated vertebra for future 15 17 April 2006 WO
03/ 049669 PCT/1L02/00997 i denh&%&&@&%] ected discs. Suitable
cancdfl ous screws were al so { ' rtebrae, for

identificati qum&Pk%xéﬁiﬁﬁﬁﬁal spaci ng neasurenents, as disclosed in
detail herein : each pig, the collagen injection is perforned only
on two out of Allsacrifice; ithe injacted éoxpsamentad) diges wate prapiied Jobfibasse t hird

ol no. as ol REd SRR PlusldLFah O gRo A Al ARk R AndRaRRE T o7 g

Thi s thi rghangéd ey absesssugrehatisnainflamimation dhe ihtegripx obtkei amguless st t ched,
the air was evacuated fromthe chest, and the pig was awakened. 10 Results
of EXPERITE$HST . Macr oscopi ¢ exam nation At sacrifice, the injected

(experiment al }dbpgRalBrfnifixaey ned for ribose
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.
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16 marnerike st of

dliplopatgologicaby al exalyatign

completed.

iPig NeowWn| 25 | midragioart,| or w t hCemmmsan Bl ue stain (pH =
wn 1 n the|lart, for _visyalizing proteoglycans. The follow ng
re det er pAfletiORAERtioBCcorlded at the hi stol ogicall 1 evel with
ue SPO[TSES: fT RaNSe o3 dlion™ bose

ol | aggn i nt egr1a Pginh[wi t hi!-‘r?gt(tahéeﬁhgfagc ti ssﬁe. c. |Ri bose

)l | agen bj o-durability. {Denbfetddril 2006 WO 03/ (49669

TABLE -1 belowtsts—theg-detarts—ot—the—-animal-sjused in the
nat ¥én expeﬁi'ﬂ%‘ﬂ%‘%. TAI%’EEtOPaTBPl‘?g'@@. pur B ment s After -
ont hHi st ppat hol ogi cal gvhiphite@n conpl et ed. VA3
ologicallevaluation completed V73 nonthsHi st opat hol ogi cal

V1 6 months Histopathological evaluation
completed.
V' 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

operation that was not related to the administration of ribose cross-linked

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

15

20

presented in Figs. 1A-1G of the drawing figures).
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conpl eted. V8Not sacrificed yetPig reserved for follow up a7 Apild®Réhs post
operation. 5 Atotal of nine pigs participated in the study (|abeled as
pigs V1-V9). Histological evaluation was obtained from4 out of 5 pigs

whi ch Lficed at 1, 3 and 6 nonths post opergtd l.gs VI, V4,
V5, an%)ﬂ.ﬁ&%ﬁbadditional pig (pig V8) was reservedeéféﬁ“ezsf@géﬁfici ng at 12
nont hs after the operation 10 (histology results are not avail able yet for
this animl). TARggf®ur remaining pigs (pigs V2, V3, V6 and V9) were

rej ected due | ction or death during the operation that was not
rel ated to]t kig. &dm ni st PigciTypeof [ Mooths Roshs s Stainikgd magsiificatiem.| The
hi stol ogy results afne sunmari zed T 2 b and also 15 presented
'n Figs: | A LGS the drawing figPRER: 1'79@%&{)ri| 2006 WD |03/ 049669
PCT/ 1 LO2/ 0D9PH. MBLE 2 Fig. No.D sc TypeMont hs Post -St ai ni ngmagni fi cation
andoper ati yel ymet hod (Pig. No.) 1AVirgin thoftacic_H|& EX 40 (Pilg V4) 1
BSham operatedlH & EX 40 (Pig V5)|1 Cinjected withl H& EX 200 (Rig
V5) col | agem I DA N € A Whi LA cranX 200 (P gy B cql T ageayl ue |1
ESham oper at ed3H& E‘<\@@'“\(NF‘?9 @4)‘ I Flnjected{w th3H& EX40 (Pig |V4)col |l agen
(Pig V4)
1B Sham-operated 1 H&E X 40
(Pig V5)
1C Injected with 1 H&E X200
(Pig V5) | collagen
1D Injected with 1 Alcian X 200
(Pig. V5) | collagen Blue
1E Sham-operated 3 H&E X40
(Pig V4)
1F Injected with 3 H&E X 40
(Pig V4 ) | collagen
1G Injected with 6 H&E X40
(Pig V1) | collagen

Reference is now made to Figs. 1A-1G which are photomicrographs
representing histological sections taken from pig intervertebral discs obtained in
5 EXPERIMENT 1, inciuding 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).
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1G njected with6H & EX 40 (Pig Vl)col | agen Reference is now7nierd 2086 Fi gs.

| A-1G whi ch are photom crographs representing histological sections taken
frompig intervertebral discs obtained in 5 EXPERI MENT 1, including control
di scs, shgpapgsated discs and discs injected with ripbgge,shpss-1inked

col I agen, in accordance with an enbodinent of the nethods o? t he present
invention. Fig. 1A illustrates an H&E stai ned histol ogy cross section (at

x40  nmagmhkighatd ﬁﬂéro%fafbm Rvivhls Ghd férhtitioR RA TRt enbliedi @ity abscitairidgf rom pi g
V4). Regions 10 of bone 1, cartilage 2, and the nucleus pul posus 3 are
vi sual i zé@memelris.1B i | | ustrates an H&E stained histol ogy cross section from

a control shg f; [ t 1 ofHEgh at Al obt ai ned
from pi g v1).’a'§;3q% "E’Sﬁ?ﬁe%%%%*%%/ gg"gzegg S hiRRegy 28k ér%dgg%ogo

m. cr ogr aphotomicragmphé e(tieortomt pretorafcragmapfat| X404 neagrifigptian.cand dhAi ng  some

debris. EFig. 1Cillustrates, t iff. | ne ! Cross
sectibn EBﬂW(ﬂg\oéqrﬂﬁFoz%% ?H‘%&t %‘8%’%@@5@ %&?}éﬁh %&%H@@%‘SWF i cati on,
?Ejﬁje‘é[‘gdriﬁpﬁbﬁo@gﬂliﬁk@i @@ﬂa@é?@rﬁlpﬂéﬁrﬂéslt]&&Q%ﬂﬁ@;ﬁt{}ét—@ﬁeiaﬁmé]yt(e&ﬁeimeﬂr om a disc
with ribose cross-1inked collagen and. harvested 1 npnt

post - opefrim RigMp)-( Bt B*PQ?@@@QQVBRIF%FG‘QG%}B%E“%!”ﬂﬁ?g‘?%ﬁ@%greoﬁ?%?ﬁlﬁg(eaeveal s that
the in| e%{)ﬁ’r—xg;eh' B°$e sGirOGRidd BYCRyalne! bé%ﬁsﬁ‘ fisdu, StH QuiietRe Sontévtal i ne
cel lular ‘tissue. The I ntinate contact etween the ribose cross-1|inked
ggLLagle:n bﬁt\mml Dthflielbhetymbrltoae-llnlmdjotl_ag&n g:a@dﬁh@hﬁmj matriy of hedwsleysnay be

N, Fi Q. |1 ustrates an ci an ue stained histology cross section
(at- kozoo%“lPﬁlﬁvﬁ?l fqeoﬁgeWrom a disc'injected with ribose cross-Iinked
col l agen and' FighapviagtratbslarAlidn BIos istamet hitiologlyycroshsedtion ¢eirx260bet ween t he
native tissues of the nucleus pul posys i@gnd t he .injected Ribose
c[)oss-l i masaificationg BAMS anakscl HereG M i PyCoBsiipif G ﬁ?@é‘n@@ to the
absorpti i ' | 4k f ietisdijeected R b
oross | 1 HE RS HH e T e G oAt Sacetory ool 5.
penet r at iod e numeusypiposust 3 and ttie iniesteciRibose qpesstinket £ollrgencd Weood vessel s

Do 15 e bastriiin sthingd, BRESHEES R AGMRIoh BRI NS UeholREH Mor
proteoglycans onto the injected Ribose cross-linked collagen 5.

No inflammatory reactions (no inflammatory cells penetration), no
granulation tissue, and 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.
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20 Fig. | Eillustrates an H&E stained histol ogy cross sectli/ohpriia00840
magni fication) froma control sham operated disc harvested 3 nonths post -
operatively (obtained frompig V4). The enpty space or cavity observed at 1
nmont h coybdsh@deobe identified in this three nonth posp-pRGLGbiVe section
and the cavity was filled by high cellular hyaline tissue @? t he nucl eus
pul posus 3. 25 Fig. 1F illustrates an H&E stai ned histol ogy cross section

phot omi crogr apfy (afc X4f,sraeR! f b athem) | sthigken H‘iét@lasﬁﬁ dirgss | Bgetiohed with
ribose cross-Iinked collagen and harvested 3 nonth post-operatively
(obt ai neghbtopmieiegEphVEl x4Armagnifiogtion), itakear i Aisefinippted r"Y'@bré@S@r oss- | i nked

col | agen ] | ' ' € i 31
cbser vod RS TP} SFiRgtEl RGBvEE, b Borkh BaHSRIa (OMEIEHTIMLREELS oy,
no gr?n;ﬂr\]ﬂlt).l CSimﬁlhstmﬁambﬁnn illqs'traiﬁidfiarl%ig.iﬁﬁ af inivedel intgrasiidrsoliiee seen in
any o e speci nen aryested . ee_nonth St z.0 | 9 17 Il
2006 MO 0BPER SES . eligiasnsonthiie adeent nyBie PSR tEE e

hi st ol 0g9¥ufIRES 356 SbkeRed PN iBfRRMABHAPdRdtioh wedbsagiridf iGulsidihiot t aken from
a disc injeeted with ribose cross-1linked coll|agen and har v_este% 6 nmonth

plolst - operimtadecing iinseariosslinkeshopliagen\a Yduring ine & menths, experiegn

Il lTustrated n\Fi AR LNt i | i '

cross-1i rﬂ%gaﬁ'cgﬁ gﬁ‘é‘r‘{ﬁ@"@mﬂ'ﬁﬁﬂ% h‘é@ggjde{@gﬁaﬁﬁ@g?m@ﬁt\{éggﬁg “{)é{@?ﬁgn'nucl eus
pul posus Behshalgeny gdantltatiienhbasurementy weraqeiformeghsnaodiges okdhoseel |'s di d

not _invade the ribose cross:l.inked collagen 5 ring the 6 nonths :
expellf)rner?t“?;ﬁs'l"‘gﬁﬁj PB'EE’.gwe@f%ﬂﬂypﬁweB%ogﬁﬂ%gdlﬁH@dtﬁ@ ppe?'(())?'i feration of bl ood
vessel s were sgeimmipaNtHeasah nggm@nsfiEmﬂzﬂmmnsnweemmstimee
performed, no signs of ribose (1;

. . cross-linked col |l agen degradati on were
ga(; ErR ved respansg befweepetheodiscTéssigsmand zré)CtSﬁecmS%lBk%gfoﬁ%&ﬂ W8Sy f
| ME ent .t : et ' ' s and
ri bose cro‘s‘:’swﬁg)r%liglljltlco R&%@@B@gﬁﬁg@ggggﬁﬁ%ﬁgﬁ&p ﬁngb ﬁglﬁmniﬁgﬁ to six
mont hs afreaxdtiodi uitecas icould Hdosaenf byatheaslmepce oé inftaimmatoryceslisemd as coul d

be seen b h bs of [ nfl t . ] d, 15

prol iPerd ‘?iﬂ?ﬁcﬁ pgqﬁ@%gtlé)fégt€|P§3r\g?r§aﬁ§?§rm'§%§]'§}§‘i0§i§lﬁl %%%@F%r{é&%%@;ngsenti ng
di scs hargiqst @dnbstedl aNd36aABNERtons tpdsh] iapiction denomstiatatiatimatel mat e

i nteracti on between the Ri bose cross-]inked collagen 5 and the.remaining

hyal i ne tintgeetiontbatweem tbpebbopr| gessinkedyrelizgan @ RN SiedeMBiNNg: a

- separati '?ﬂraline 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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menbrane or capsul e characteristic to foreign body reacti ond Amii2f08dj acent
20 affinity supports the notion that replacenent (even partial) of the

nucl eus pul posus with R bose cross-1linked collagen is feasible.
Proteogkyg$ﬂ@ Mwgre identified within the injected R hosgoffoess-!1 nked

col | agen e In vivo absorption or deposition of proteoglycans may
contribute to the visco-elastic properties of Ribose cross-1inked
col | agen. Thi qnfe‘éégleblérbégznrﬁctegdﬁomnél 6allRent BAd Mideifk caressiin@dl i nked
col l agen has the adequate biophysical properties to act as an excellent
repl acenmeln@t@Cﬂiaaenf@tOOt meicrelierse ved] InjediioBu SitQuIWs6s uisiecteRPEMI&ENT 2 Thi s

experime G | e and

bovi ne r[&ﬁ)"g@e %g%gtlrﬂﬁ {gg éf%oﬂéwtzi%’ dddqﬁﬁgisgn %;nan% és'[#ée) cross-|inked
bovi ne  3edlk. | Hge neadld peﬂ]watabttrm cariagd nﬁlﬂwl gan.r qumetesoilrrbragkhn wer e
tested astothe abi to induce cartilage formafion i bbit ear
cart1 § agdniogad THeRHER OBERNHCHOSMDITBEE ek RIS B0 PRSP St 381 e

cross- | i nfadioheyi s@nfiRdtlongen and injectable cross-linked porcine collagen
(100 microliters per injection site) were injected intra- cutaneousely into

the ears of 2@&lNpeviiestrd sites fayhath porpinggnd bg@mgamg@tap@o@ss-wﬂ@m e. The

need! e PRALA £64 BE AOLELNAGE ALY S, Fdfn, SLRIHERS bV v ected

injection and proce

hi stol ognmebtmxa\m niiffaremcesAlvéret biesarvgce at éfda ¢isguss refsqmnsfottm np]eq:tablne and

1ok, SSRORRRS SFYe Flapet 2% GOTPr G M0 RS PRRabeor o

observed doﬂaééhe ﬁbrﬁ%ﬁuléﬁ%&%ﬁ@obéﬁr@&d 9kdmglae§|r a5k in ihekigdceavi ne
col | agen as conpared to 1njectable cross-I'i nked porcine collagen.

Fi br o- carcollagaye basers metorad. oBdenvagsylinkednepliagan Véﬁ‘f’d'"ﬂﬂ?"%é““i’ rﬂ“@ct ed

col | agen %%ﬁasct%ﬂt YR s S rARE SbhBboROMLATBH G d'psslisg 1t o and

adj acent era ear car asts were observed to
popul at e thé lgectad eollagenc m'citmgémmrmg rcaKilageostrdatre datbeiwasethet ¢ross-ur e

b h 1511 nk h I I
appods andBkSRoCPOS RARR o DEuder URAPEEEn GPBPAART TG0 81 nf or cod

“with col lRgabshatisd e &‘ﬁlSlsﬁﬁ@Bf cé?‘ﬁla?@@é‘ﬁfdﬁé&dwm esllagen afticke. Soheni zed by

chondr obl ast's, and fi brobl asts erence i s now made to Figs. 2A-2D which

are phot cqﬁtlwa@gqea@m@were also colonized by chondroblasts, 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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illustrating the formation of cartilage tissue between par tli7chd 2806
cross-linked 20 collagen injected into the superficial part of rabbit ear
cartilage as disclosed herei nabove. As can be seen in Figs. 2A-2D,

chondr ol @gdsegkh9rated in between the injected crossslinl Eﬁ% &ol 1 agen
material. In some sited indicated by the arrows, the con l%l asts

devel oped into islands of cartilage tissue. The biopsies of Figs. 2A-2D
were obtained one month after injEgtERIMERP3The results illustrated in
Figs. 2A-2D denonstrate the abiliTy of the 1injected collagen preparations

to pronote thBiomeghanicaiexaminglieni | age and fibrocartillage formation in
vivo. Theref ﬁ@ﬁ%ﬁé‘?@e@{? L%l dleesg%r{e(a tt) RhbGicliSS e blBh’%ﬁﬁér%at foRtufirgns, the

t herapeutic sent I Aventi on may inat least a
parti al Heg@mataﬁlimen@ﬁebmmsuo‘.ﬂeetﬁl vplth mmmes:rosaﬁium(ed denoﬁrmﬁe of 30
cartil ag| nous or fi broc rt| | ag,l noua g qbrou?r %}ﬁgsues in the
intra dl%a&arPS%%E%mP%ff thePiomesigy ‘3'7964:5 YH1'e

EXPERI MElE, én&ht@ﬂe‘a@%gl OfbcreX ARk ahieMs TARl emmrogmntexmd@tmng ngd to
char act erlge t he bi omechanical features of degenerated intervertebral disc

treated wegenaraisdsdntervesebial nise Hepleggarith ﬂﬁ@e"m@df &alageds WE'8 conpar ed
to the bi § ﬁ.tb"%{" cal features of healthy and non-treated degenerated di scs.
Macro as®eSsnients and hi st ol ogi cal exam nation of degenerated

intervertebr aThed|p$m:e1dU®1tmdexpamrhemﬂH35snzdarcmraemodel bhgegenmiave gisef or med. The

_procedure to e mental |y cr ate a,nodel of 10 di sease
(oDj0 | n JlAnal 20k Augels et Seter e svopd pere S FB LU R gy 2

1998; Kaﬂ?@ﬂﬂ(ﬁer@’é et al19987) i'nB@l‘bbﬁH?édih@l‘éid”'W ﬁdf@’eha'e irefreiremtieety fort hei r
entirety al'l purposes. Briefl s _underwent anestheti zation and a

left ret abparpasene Bricliippiod AcHenes ¥@§@‘€fﬂefﬂ@§°'ﬂ i 3 etftfreirﬁﬁe’@tﬁ'f‘%ﬁ“nal
obl i que, 3&)8{9% A dlasARLL A4 ARLrd Fihe Ie}&?é?r?jéﬂ‘?fgﬁgﬁe hERTE Bbily B8 were

separate peritoneum was | nd separate from t he nuscl es
and t he Bsna\%massaﬂ;c&)mms rhosaids Weredsepdrated .ol het peltpm@mwmsdd?ntéleﬁost erior

Ver t bbr aghd FePRBEA RPBn ik e BF TS duvran s etfiads B8R Bhe pocas
muscle, e iply BHERAR: a THSstEIRN adisdTos SRRy pbsinicdr Bnd Nentry 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.
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transverse processes, a retractor was inserted and the | unddrARER08%r al
colum 20 was exposed. Using a lateral X-ray inmaging, vertebrae L1-L4 were
identified. The X-ray inaging was performed using a nobile C Arm inage

I nt ensi f‘jvgg, 43969t gen  machine (Phillips, nmodel V-300) Pcﬁbﬁtfm@/epar ation and
gentle no i?lzation of the segnental blood vessels, cancellous A O screws

(12 millimeter long, 4.0 25 mlIlimeter outer thread dianeter) were

i nserted, onepgxPEeWENTALEGROURMRDERUP iREldYed Shepigé ignuveobeét ieen t he
screws was neasured u3|\?ag?ta netal ca I per. An a %I&)OXI mat el ¥l centi1 neter

1.5
stab i nciliZoW10a¥1Greane i 4 of BARG: 3 PelavgaAbdmereda SOHRTENRE ghtér o- | at er al
annul us Tﬁ'rﬁrogétégiom ﬂlrg[ojfgg vl ahdsthétiAlSeRin aPih!dpkatb® dbfsheraflep! at es,

penetrating rn en eus pulposus. Part of the 30 nucleus was renoved.
The woundiistewetré agested withaly® e, 2mdlilttérs giiag injestablevwedveine tiboskpcregs-Apri | 2006

WD 03/ 049669, PCT/ I L02/ 00997 EXPER NENTAL GROUP, - This droup i paluded si x

pi gs 1 pi ¢8ked @oliagen preppsatiop, gt /G9NCEHRUIGR 70 0135‘['3\@9‘2&’\3 %@?%WGHM time

Zer o (foﬁlzﬁ@w &r ﬁ{imlgérstﬁﬁps@).r $he qrﬁ;gétaini @83 ,perfofmBd Grough & apest heti zed
e o

again an erated degenerative iscs were injected with 1.5 0.2
ml1ilitepinabheette; usineca arssusonieciien systrss sapakie §f Braduare #ressHeSgen

preparatign (.at at{ AL L ri ' | I agen per
R e M S Tl S e
needl e, Urisigafierigbes Fig. 8). Thecinjection wys tiene pejsatzneously pisiog dus INRYGST essur es
of up to 10 atnospheres. The pressure i,nhjection s m i | bed in
det ail? H@PB?‘{‘I%{f 'E”é’gﬁ? %@q‘gn%e@ R@fﬁ*n?l‘?es pﬁ#@ﬁ?‘? 3\?”‘%&@6 ghe%B%ﬁ%gwgneousl y
usi ng t hgyisTRgStePantBlisnsid Adacdm i e tRarnegerprovsibsef the witeblaesed

her ei nabove. The needle was ‘inserted anterior and adjacent t‘p t he

t r ansver shropgldee paeammuskie anst theplaiesal sidg gfifie tise tpdersempisel Peand t he
| ateral sjde h | ; : the disc while the aninmal was
| yi ng on 4'Stcswﬂegih?%§ﬁﬁoéeﬁuéé&q}fg&%§la his group included five pigs that
wer e oper at ed CONTROL 63R@UP: Thist drouDbIudedge\nids et wed speratedl toand V20 of
TABLE_3 bel qw).. . Thj {0 0 nj nal S N |l ect | ss- | i nked
col | 4gen SSHebith tha bﬁ?@ @mW%MQdVE 1 B io SRS e TkB°Eh1 e
I NJECTI %rﬁpeﬂp anfmal€ wilsOsot (iRje8ed 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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- device 27 for

R10, R11, U3, W, and U5 of TABLE 3 below) were tested to fi7nir@#00¢he 20
reaction to an accidental |eak of ribose cross-linked collagen into the
spinal canal. In pig R10, under posterior open approach, 1.0 mlliliter of

- ribose Gy@sfiosadsb Nked col | agen was injected into the ipdfRofesssdl (spinal)
space of the spinal canal at about L2-L3 and L3-L4 |levels of one pig. In

the remaining four pigs an epidural injection of approximately 1.0

mllilitefe rinfeest 6LIRESahd NKEthe ohitRgibalVBacty Mekbesatte Wihs awas done in
order to mm¢c the situation of a defect in the posterior wall of the
“annul us feMagdnent o diar Rrpsedt iIn¥RPUERt r usi on of the material into the spinal

canal . The an*rﬁlé'r%ffr%g{ 20TRBLLEE 8 ihRburR Yetey SORTBREcg tracHbed.ogi cal

signs such as and 1 ncontinence.” Si x nont after 1njection the
ani mal s Wnkéd bmllagen,i 4i foeck anehitoheunilr 84 eifid | anjfercei ansdusenlZddi &l | y

exam ped. 30 Reference j.s now made to Fi | Is a schematic part
crossg| sé‘&‘?qsb'ﬂﬁg?ﬂpﬁgqmolﬂrﬁ%ﬁﬁ?%%%&g('ﬁ@tss%s%@mfé}sed for intra-discal
i nj ecting of TheaaRrveHeDsS - disd8adiscedHongaibaliyndlubatedoini & dransgershle i nj ection

force and the pressure at 23 17 April 2006 WO 03/ ?4966 PCT/ 1 L02/ 00997 t he
i nj ect or GERAS| Ectiangl view {hehow ieamulysibresiiscé2 and the BUFeHHRUPYRYSH an

erbodi Mo, Hn hieiRG ARENE JsuRNY pRAsuENRnENSIREURU] dielMERA iftheir] ecti ng
I'hjecting the cross- linked collagen, a force nonitor unit 24
and a f opositionaaidubeing dsarted throggimes annules filrosws suetdthebiheiiraresur e sensi ng

its, 26 28. The . [ . dj | h | L d i
o't Inavaretie fhs SESAGRRHL RN Jh8 0-PE0S pilbdhe Ehfthe SBrberaled S5  2nd he
nucl eus @Mb@%ﬁuﬁulﬂﬁﬂxs A DDD eabdel ganieaty) ein 3theaimtraadigrat space ofethei ng needl e

40 are shown in their positions after being inserted through the annul us
f i br osus iigeserieheal disES0r open 10 needle tips are disposed within the

nucl eus pul po : ; deNpat ulrRe Hekihd frER@ nodel
aninmals) in tﬁgéilﬁté?tg@(’j?é\{:% g%paceegféﬁﬂlg%ﬂﬁﬁf\%rtebral l(j’c'lnsrc 30. The

i nj ect i n@3devhade #ami autbelaableasurpicdi stgelfanshie afigchathte astainless sipeine 23 is
T3 baci. peakes 25 hrinrad Rla B BEnediuls pRX R 20 atetg “anaa
forci ng sefev22s mbvansly dishyseti withis ek wddued Holee The koldiag flaodee23 iBhe hol di ng
frame 23 is also attached to a netal sleeve 31.
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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A standard 5 milliliter plastic syringe 33 may be placed wil/H#il2986s| eeve
31l. 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- | ivwéeshoqbl agen preparation 39 di sposed within phgngyssge 33. A
hi gh-pressure T- junction 41 is connected to the (Luer type) lock of the

syringe 33. One armof the T-junction 41 is connected through a reinforced
hi gh pressur anftheskidrimérider th2preserthievepiios,sthe eresus: agwang nee@@e f or

nmeasuring the pressure at the outlet, of , 25 econd arm
of the Tg M?@tﬁpétﬁnﬂﬁr %a'ﬂ@ﬁﬁé@tegﬁa‘“‘?rh|r°%we HQ@@P% {@ eﬁadb pressure _
flexi b' e %égﬁre%n%fﬁ e%’d?enﬂ@%ssc‘o%h@étéé%réhwb reifctedd igh presstire. A 22

Gauge ( s used in the experinments. It is, hQWEVCf not ed t hat
ot her tyﬂeasmartdb@aegesthefprmm ssnsiay uait 28 ioe measyriag dha iR-4$6@ i nt er nal

Gepertii nfreat e (0 sl willh VL BE0; BOreREalif Shaier M RRORE 7,

dependi na &SR VI'SCO centration of the injectable
Cross- th@@dﬁgme@belMEatprmramwg on the method of inserting the

injection needle 38 into the interve [ di sc,, 30 r practical
consi der at i onEhe PIESEUIEASERYING HHES &8 6’3‘5 %ﬁg Eﬁ‘%}&f&g&‘?% Egt he
exper | ”emoﬁePﬁNBEPLRTGRePLUSnZ@Tm1'nﬂé1£ont H@wﬁseﬁwdmgsenaloglg:)mMe 40 was a
standard stal nl ess steel Luer OCE}\@({Q 18 gauge lq\!g%# need] e. The

pr essur e gsegs; icaynmeseiaily avalapkesTarn i Ay rg Yrye "ﬁ"i gh pressure

fl exj bl e tube, 44 e I Ng ritgag20 he
I nt I’!Sd)dl g},ca' %SB‘ rl}eég% Bﬁ ‘% h%%egs?ép% g\ﬁ Pﬁé%mﬁﬁ gﬁge n?@gjgf (;drS]e during and
~after thétmmpﬁ@tdsorothér stituble ltymseofcpresea}re|3®Iﬂ9ﬂigcdﬂvi®genaxbﬁéq@ab%t i on 39.

The pressure sensing units 26 and 28 used in the experinments were nodel
| NDEFLAT@RE®LUS 20TM i nfl ati on devi ces includi ng anal og pressure gauge,

commer ci al |y Ry e3BLAnEREMHEH oA ariduoacReh Gastitavhed bbiecayise e, 10

I nc., CA ese devices have a neasuring raﬂ@e of Ztﬁﬁ
at nnspherf@'smgcscfw\r%and&ﬁ@?d gijbe red 3piadBeairiag 'i“@é’é‘ y al so be

sed In_t bet th
s oy b g T o inbnitor it 24 Bfid W RAGH frhsdifber E?ﬁ@?ﬁ’eé“?g’f co acting
-on the 1$oﬂ:Q(§aa§e uRltecohomereiatip aivsimblelas mciel &G 1A0kg fomecgaugediucer 24A
were part s of w Ene %ﬁé‘rﬂerpnse o DI aﬁ:'e?l'ljana Vaf &Rl &o ﬁgué@ﬁlﬁd aFG 100kg

force gakydRQN fectron
range of up to 100 kitograms of force with a nominai 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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LUTRON El ectronic Enterprise Co. Ltd. Taipei, Taiwan. The fl3#s%lg8e had a
range of up to 100 kil ograns of force with a nom nal resolution of 50 grans
of force. 20 In the experinents, the syringe 33 was | oaded with ribose

cross- | idkeshioe®! | agen preparation containing ribose g@ssrdodorked porci ne
collagen at a concentration of 35 mlligrans per mlliliter of phosphate

buffered saline (PBS). The forcing screw 27 was screwed in to exert
pressur e agprokittateln @-of atnitespherts3dtas daveldpedfat the syrimge- q'utiabmbnitorﬂti t he tube

A s, X {19 easisy SaBRnG Upaor o prekire o R b Ar 1 S B An 5" and t ne

needl e 3§ pfd Qﬁaéé)Mtﬂﬁethe' Piferférido?a dist B0t Wag visiedy Infor#8rédoorthdl e pressure
nmeasurenent by the pressure sensing unit 26 and to avoid the injection of

ai r i nt opraseUieraansingi witsl 26 pad 88, Ispestivelye and aarilig secomlpdi et e i nserted
into heﬂgﬂ):icfar%) aﬁ rtﬂé%é%%dof the 8%% %ﬁf(%i l:? l%gél? gPe(PatrQ[ﬁ)np?ﬁétfér@é‘ of the end

of t was recor I ng screw 27 was used to
exert anoh mies eas loﬁmef o35 was triseak@ndadffronhﬁnerd]splaﬁﬁf theHerceanenitoias advanced
until a rel gé 6%% bI e ‘iﬁ sure level of 25 17 April 2006 WD 03/ 049669

PCT/ | LO2MD¥% -11 atnospheres was devel oped at the syringe

outl et moni t ogmst tHY iy B@ndw Q@%Ubémﬁl%%ﬂ RappiBkinady Thenpassuwferat the
outl et of the syringe 33 and at the space within_the mterve%ebral di sc

30 was vpsasauneyste@hzetobatetaewi ﬁ&mosmh@g%l% fenposiiprupf the oW of
resp t | ﬁf‘bgfxar tph?éign @n\%ﬁ% %ggfr??&fo?cféa 1P ebRGiIm e hﬁ‘n@uﬁingf #d efosk he

inje € Cross ed collTagen preparation. The force on the end
of the r tiskedcollagery piepaldtipn meviach Wasonm]etctml [diostbbai;soo?{)the force nmonitor unit

24 and nmanual recor ft t ect was c roxi mately
1-2 m nutes AJT”%/?E‘? rablyy @Wr@ g?ﬁﬂfﬁ‘ﬁ ?‘?@yé‘yﬁt %‘ﬁg I&'ﬁggvel t he
posi ti oncQfageAprepitaiiinstiifingldd Hinglbh%nﬁélﬁiai’lﬁnﬁcms lipged collagemeded to
determ ne tRe amount of the cross_ |inked collagen preparat i ch was

i nj ect edprastiealynpossitde info. ther istrarcissay spage ﬁ%ynqs@a%@% é%ﬁt?ré‘!“?% apeutically
heth AR ESESe UR pef A o st E s B Rl =
i ntra-di gglaks S@m:eotmsum:lebag Iaﬁmgrthsraneutlc ca‘ﬁfeof (thVIe\MtCérth@rsi@\Mr al space
and nECh%lrgdcéSrlada{lg %E‘ tti')ee ?njgaeg cross %-@la é)ns?na erial tft? ViR Wendogenous
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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val ues, and to ensure a long lasting therapeutic effect (id7VAmik2006t he
sl ow b| odegradation of the injected cross-collagen material in vivo by
endogenous col | agenases). Practically, however, the amount of collagen
which Mgy, P&bdh ected may 20 be limted by the highegt, tration of
ri bose crossﬁﬁ:anked col l agen which nmay be injected thrc[)[%g %ﬁe needl e used
W t hout using excessively high pressure Ievels and w thout clogging the
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the annumé%ha%@awola@mesb@mgbﬁaﬁheoand IrRaiapgintérvéméoraearte . it Intay Benot ed t hat
in various preli narg tests it was found that the injection ﬁstem 20 may
®

be s ucce@%?dble;io injeet the ribpseerossHinked eliapan pPERFrations @ﬂﬁsﬁreéﬁnﬁd gs 26 17
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out| 81 ofapiRg & g3%39§h1 clh i @0‘%% er,ng t%fg ’ta?.'ﬁ%ﬁ?h@?%s l:ﬁeéoThus based
on the kﬂ%ﬁﬁbeilﬂ'&bl'lyafdjédt §boB8ISRIINKEE Slibgs W6, mémﬁﬁharﬁﬁdra-meﬁianl cal
properties of porcine and human intervertebral discs, it t{ possi bl e

to i nj ecspadee at icopewnteations lowerkances \raferRmpyepliter Pohighsk t 5Br esent in
the CO”@”@@%&L@Q@ [i#19% fmtEPaﬁaf shen éltﬁéggﬁg%f%m%dtlh?r%e !ét?ﬁ%the

i ntra-di 8¢ I"Nterver iscs of ma i ncludi ng, but not
limted bbang)@g] ¢heﬂeheol@gt®rpmpaeraeﬁd oﬁm}nmnnjebts!nie)preparatlsn, droljeveing not ed t hat

it ma 0SSi e to era ca ect | bose cross ked |
|t o anpiler arpotiseraneptBgmelGila At prépaia: plhearceb A dn a0 C0°"
m I igrams/ m | fhe gt@é"'@@ ﬁém rhhgd 185intaldiddag (predsuné I(thel preesuwre by, inter

alia, changing the size of telntectlng needl e 38,  changin tqq
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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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15 ot her nodifications of the nethods and preparations of tlfieApil@demt
invention. The preferred pressure range for intra-discal pressure (the
pressure within the intervertebral space of the disc) nay be within the

range ofy,apRbQyi metely 0.5-10 atnospheres with the gﬁ‘hzll/mﬁhr/(ﬁgﬁ”ed pressure
range (as neasured with the pressure sensing unit 2 uring the

I njections) nmay be 20 approxinmately 6-8 atnospheres. Preferably, the

i ntra-discal mgg@g@gsgs%@ﬁ{gd not exceed 10 atnospheres to avoid the
ISC ru

possibility o pture. For porcine and human di scs ol une of

, the v
ri bose cross-Maerkdaspsstipageine gsesranhihedacaliPis Ipapny &G ”}/“ﬁj ected into
e L 8 e [ 5 oURl&iHe 0.5 - 2.0
e r§|; gfh %gaﬁ%%ﬁ% A ?{Iet}éﬁzﬁrﬂ)rméé. ﬁﬁ@rd%ﬁfkgﬁleﬁétgi@ﬁlﬁ)é QbR &'ible

millilit I nj ec unme nmay vary depending, inter alia, on the
age and deicdhter-uéridthal spatesn artogatabinmetal lealipsr 2witrosharp peinted s ed di sc and

position Qf the njected disc wthin.the spinal t he degree
of irﬁerWQLFQBVQIeJ&%'%&’@ﬁé'PQ@'i-ﬂ’ﬁz %?@E%%B?%eﬂgﬁé? cegglérgd%%(g‘ps however
al so af f gttt Meodidtrge WAk winsarehataRe iittion skt BDDpatdatitbgi cal 30
changes in the nechani cal paraneters of the annulus fibrosus. 27 17 April

2006 WO tBrodgReHTieN the_animabosy inpine ohdie GBHEHEW MERSUCTAYSEEi on of the
di scs. anghlf,r@eind Hdl g h WindilgMAOhediid 16! ddahficd e Wpafited ocal

reaction e “performed. o nmeasure the anount of the disc
i nt er - vettieepigahresihdhe sameaartemmHatest| appraschl whill thpemimali was ikhep poi nt ed

cancll T olls 8 SR SerBcreoy apbratn 3 Masplriudt BREBREL PERe  0°

initiati?asi%n.the DDD and at the tinme of sacrificing the animal. At the

tinme of the operation, neasurenents are aken befqr? aBd Cg{,t s cutting the
annul us. At t Hee tipsref e calipsriwere Puin HEdiolasshat ware Ipite NeR ffﬁ fhe sanme

ant er o- | | L9326 Ber @l YRStipPgdbBad BiéhiiytiRe inr@ht side as
in the f?&%&&oapn@%te?%ﬁB%méénggit@?celﬁ%r?@%@tl%ﬁgen Int ig position. The
tips of wals ohthepleslesver thepheadiai thdrecrienl eEhe ealipenwps then Emovedatds of the

ThnelS adieegSarareh et Rt & ok dmEnanit 0B eubell Wbt RRE o, L3N e
removed, chgnddbtheeh tRsnrasurefent s Rahe elatic kffestofting tdlipet meta evi dent
that hera?m\é\{a/sﬂ« r?lgrk 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 aftachments were connected. An infrastructure for biomechanical
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change between the neasurenents due to the elastic effect df7 Apwd 2086i per
metal arns. 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

nmeasur edyy9if@ssd caliber meter with accuracy of 0.01 rs. 20 By
conparing the neasurenent results that were obtained ‘éﬁ’iﬁ%’@ﬁt he first

operation to those obtained at sacrifice, the anpunt of change in the

i nterver LehisBlentirité aBFem't@r—v%ﬁéSl%ﬂ; e@rscThﬁ?ndT@ﬁélw egRat sndvenidne wasouched
L1-L2 disc served as a control and as a way to estlrrate the changes in the

ver t ebr aestablighedi shesenmrgswaRehise WeEe aﬁﬁ pr gesewsing e i gicasy (i cal
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t he spi nahingadlmodels.n f 1 exi on, extension and tor sion, were 30 neasured
using_an Instron 4502 Aut ted terlal Tes 0 ciall

avai I abl e fr ofM%®nheRHRe.dB nPSp'IW\ CRUERN 369 \ﬁrﬁ' "ﬁ g%tebﬁcg’lqﬁé des?/gned
at t achmengs,y&Bereosd B6intfle sABrfiddtrAg! THE hah@sicarsdgntunte inelidedlall28 17 Apri |
2006 WD 03/ 049669 PCT/1L02/ 00997 neasurenents of inter- ver%&%l di sc

f unct i ondhe t\@ﬂéh@ﬂ rhore npats, wigints, edisah angh dgamerie suithpih g e were used
for assemsr& ih! $RE %olinn h&:ﬁrﬁ té%ef?e(ifeggsfrdzbﬂkcﬁd—m@ | @gdtel N treating

degenerat i ve |sc gﬁseases I'n ani na After sacrifice, intact
spi nal cddsiing, thgnesitmni aagmemtagwem tdetfioatedL (Cleizes Lot vabs 1998 Magved from

t he sacrlflced harvest.ed s nts i.n tebral b
part §¢ J&Pmoé‘strgﬁegééa’fgﬁ%fﬁ'? 83#@‘%{%"%9’5??6%3({*}?@"%? fggﬁé éem}r(r%gg egé :n(r:laskl gny
The col unRdIRAPEHrezees éfm‘ﬂ%@m[n’frfs@éﬁ@ pPdparédfor eB@imfaaon besbhmeetinghe col um
segnents were defrosted (A eizes et al., 1998 has 10 denp stre%t ed t hat

there is tisainak erlumbesagmeast Ginits rende in Figid (lasficran@e do the destingnd t hawed
frpzen U%!a ag%s%m%@?i ffaé’fﬁ'%%ﬁ{ for exam nation by connecting the
at its S

spi nal col"unm seg W|thr|g|d pl astic cenment to the testing
devi ce as d| sMIeasmémemtg@ah herei nafter. Measurenent systens
15 In order to measure the effects of loading modes (bending and torsion)
on segments 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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15 In order to neasure the effects of |oading nodes (bendi Ag Aprd 2006 si on)
on segnents of the vertebral colum two separate systens were desi gned.
Both systems were connected to the Instron 4502 nachine. The | NSTRON 4502

Autorratq,gﬁ,{,\g&ﬂt4 éal Testing Systemis a dynanoneter Eilé)r J{ ?gq cel |
commercially available fromlInstron Corp., MA USA ta o oad and 20
novenents are synchroni zed and continually fed to a Personal conputer (PC).
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| NSTRON lﬁﬂ@bltmﬁflrsbﬁaﬂ 533\ emove Op EingsdowhAindhe v@vbma&dxﬁeaﬁmhlanlye@mas | ong arns

53 and 54 h d t hi ne t t |
ni né‘ﬂo TR BRNIES eSO R e8Il SBITRRIUTES AR E S AR P Piar 1 535,
The gg&é}%]@ﬁéﬁe‘éﬁ%wég 58Iy A8 Axdd gmmmémmget o a linear ball

bearlng near bearing 52 1s coupled to a |oad cell 50 which
i s attached toThm&)welrl\Bl’rle iraighdin aftaehatgte 8@ chassist pt the INFHRGNA of the

arm53 is vabl connee 6 which
funct i ondMaENg- f g%rm[s ?8&/"?%&'?%&%}{]%5&?&?&5@%{)&?{%@@”@@@% down in
tpe \r/]ert ia@c@'olfﬂid jﬂﬂhét@ﬁlm segmmtﬁﬂ(e%@F@n&A) ﬁmbddstn:gartm bfdhgiarmadi nal axi s
-of the spinal colum segnent suc en.the part 53A
and the PEay [fiate a5 W%&?@f@”zqﬁ@ Do ﬁﬁ(ﬁ’i’g’g”&’g g?e Qttached to
t he chas Emﬁfsérgli’r%h NSTRON nachi ne. The arnms 53 and 54 may thus exert a

-force of cent ongi t udi nal
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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axi s of the spinal colum segnent 55 (see Fig. 4A). The fi ristApdr20063A of
the arm 15 53 may rotate at an angle to the horizontal plane to allow

bendi ng of the spinal colum segnent 55. The end vertebrae of the spinal
col um go are fixed into plastic cups 57 and, dob 3 screws
(not shom?ﬁda]mg a hard pol yethyl ene casting materi aI as glﬁsc osed in
detail hereinafter. A 10 mllineter diameter screw (not 20 shown) was fixed

to each of thﬁm@h%ﬁéluﬁsﬁfh@n ﬁﬁd@téo B9cdrisOfeami® 521hada inbe ofei nal col um
segnent 55 to the mechanical | oading system The vertebrae at ot h sides

of the tewagdospiheadthenresiiing yaermmers which berdsdihe yerrenat polkima o

pol yet hy t of the cups
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t he vert ebr a' Pw@ Hendingneirdctiond(ftdxidnsang pxtension} atew be obteinegentfbe of the
intervertebral discs of the gnent 55). The spinal colum
segnent  9BPlied fprceds MpRsurRd of qt@cﬁlf B}'h’ﬁca'f’%‘#jm}l:sgvvs of the cups 57 and 59 at
an angl e of 9fhd nbligmahhneaButbr4inafitt IspiredSidiirnesbgreantceBtier Lo Lhe

| NSTRON bridge 60. When the I NSTRON bridge 60 descends, 30 the arnms 53 and

54 move cpeductathiugingt Be @ﬁmom%@m% {f@mrﬁeralat%rﬁﬁfﬁt‘ablmscﬁa al0gHBs t he

vertebral | n rgetihen, towards
e bri agurlst "rtiob i fo DRkt o M0 Bk 1 Th8) gl e et O
| NSTRON bktedgenﬁ@eraeﬁemésattadhed aonthes Bestatd verebrae e(Lanand d-\ﬁélynfth@m t he ot her
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bendi ng dbp@ishi 0Nl X iower adtth oX ties Bxinsiomted 62 bt attachdd tdhtke 5 appl i ed
force is neasured directly a/tt he | oad cell 50. The novement neasurenent in
q

the spi naerteR i Eb@;@éﬁw% 3 IS PEASEERALP GRNGHRC A SESSSHAIN FYVEr 62
(conmer ci gﬂfﬁ%en@:(tﬂ)el t?fb[hg f6rde %{s%%%é‘?tswﬂ?ﬁ%% r@rﬁéﬂtsqgé% tHef @Bnighstyron Corp.

MA, USA). ensi onet e are att ed to the tested
vertebragre(ldhaoﬁﬁtgstﬁqt)uacmarétabélﬁw)mverrent direction. The upper arm of the

extensi oneter_62 | att t vertebra L2 a d t h f the
ext ehsi onet er Figs: Caf"f"g %d"ttsﬁ'atenﬁ"e \98?‘?%'8?% qi4tne ﬁ'@ ge“ﬁ%} ?tgl?fngat ais
pr ocessede et The benfyurAtioRSST tiid Mdiffied UINKSERON machine used for testing

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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representative of the force versus extension neasurenents (1§eprill2806

exenpl ary graphs of Figs.6A-6C hereinbelow. 15 Figs. 4C and 4D illustrate
the positioning of the pig spinal colum segnent in the configuration of

t he nodigé ggusbdde TRON machi ne used for testing torsi of-9feddisersPi nal

col um. "Ldl)g 4D illustrates a part of Fig. 4Cin detgﬂf %e torsi on nodel

I s based on an arm 65 connected to a rotatable axle to which the
vertebral 6@%‘&?@3%9&%%@%5? tﬂér?‘t?éjédinrgﬁtbé%%éd ol ¥ %ﬁ@f@ and g not  shown)
fix the ends of a vertebrae columm segnent to a polyethyl ene cenent
casting, iy mavehient dala. pl astic cups 57 and 59 as disclosed in detail

ol der 70" havi g BPIER. R, Ml SRRV R bESTHEe Bl WK o BB et ea to
a chuck adamédee thad exfmined wettattrablcmlmﬂa eségmenthéChibsia, ealar moe6; is rigidly

attached to t e 25 ax]e 67, The TRON nmachi ne controls the novenent of
the aPm c¥apye W{gﬁ@@ 5@5'121 -end of the arm 65 through a | oad cell

50. The force MdhahRdl BYamihBforefidee creates a torsion nonment on the
rotatable axl € 67, and on the vertebrae colum segnent 55 attached

thereto. The rﬁrﬁpmtmymbﬂlod:athedu@b@rdeebmh eolpyi wigs thawesk farl ¥ngt h by the

overmnt | i oA WAL et (Rl et P8, SibodD eI 2 s

- bridge 6Qigantkrity, aapbhies |aﬁdgﬁ§mso:fTHd1@1chm@laéWeﬁ¢)Fi{éd m&f)ﬁlam O®Is049669

PCT/1L02/ 00997 65. A stress-strajn curve t hen ted ased on the
monerf anéfiRthe screysARp %5@@7@91!(6 Tadene quﬁ@gi F'?BC'? ‘?\af’ 1% study are
within they f‘ﬂl%rk"@' f‘r&ndgff@.r%gporﬁwmﬂ)h% %amnn@ﬂéervcﬂémsm ebrewol umm
segnent (Chi Marnel stein LE, 1998; bDick JC, 1997).

Mechani ca\lvaﬁmd ﬁaeadn plstic oupiin Prispie aitreh theceeluan torhe maabanicakr t ebr al
col um veje kEUSGehP LS, BRHLS Phtt QOB STRE" Ll MiFaheR Pt " eToved,

wi t hout garent's|” Capsules and d d vertebrae were
fixed i ntt‘henieaﬁéli regions tHé cys iwtbdle3he screwsis aitdated abe gidhey axibpf éhee casting

(comerci al avai | abl e as_Paor-_ A- Kas k 2, from Synair corporation,
usa) .15a 1‘@%}5&1%’@@%& a‘ﬁr‘ﬁhe'? GEWP&W %Rgg{hﬂ(ﬁ% to each plastic cup in
order to atta%;é.'a.ﬁ e%mmaégbﬂ }a\hﬁn Bt rf@drai é&@ﬁh%sswr@aedme vertebrae

at both sid xe
the INSTRON machine as disclosed hereinabove and lllustrated 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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the central region of the cup, while the screw is situated lf/c\isd 2806 t he
axis of the 15 vertebra's novenent, which is at the center of the disc.
Torsi on Exam nation: A prepared vertebral colum was connected to the

| NSTRON | as di scl osed hereinabove and illustr Lel?h l-gs. 4C and
4D. The‘ggﬁn%é' ?s rigidly connected to the rotatabl eal;ax ebi@?@ﬁavi ng a chuck

at its end. The chuck may be connected to the 10 mllimeter screw attached

to the 2%72%@5@ %r&ﬁﬁidtﬁﬁgcgéﬁ@ithmhﬁe ANl WBYerle diobds 67 ardaned t he

| ongi tudi nal "axis o ar spinal cord segnent. 55. One _end of the arm
65 i s comoklet @0, taspebiively. NETRORsHen afjthesbridaer ughthe ma®f &akings®. The
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the axl e 67 i Sh& RISTRON matkins wakherogtaneme® %o {roperesatiedd eiwp &5 40he arm 65

is |oaded with a | oad of 20 Ne b i tabl i hown i
g, 50 NawteR Radne ReRdtdne D Seromtetiel AR kel 5o S MdRLPEana of "t he
arm 65 atbgggéihéfd%%eat%frai@& fAsftd thiumaéterrsﬁnn‘npmﬁg“mpdrm otbbr opdsitehnent  of

the axl e to the arm 65). he be?mnln of each test, the bridge 60 is
moved t o padsifthearmiés hasva caostant ipad af BN asting: therrom dushto e | unbar

spi nal colu i Lt t f axl e 67
and the SR BRpRLterstanThes e S A IR REE NajoR ARbieR 0S8 ) Fret er
di anet er tigs rewdnahtlaah evel of 4hdlenips BxicvElopedi(ls 2etstadthy H1e0wad69

PCT/ 1'L02/ 00997 57 an are rigidly |locked.withingth t he ends
of akbe &l Ava %%?Nﬁlﬁgh‘r m?‘éfi'”ge@ﬁ‘é’é?? \C}E?ﬂ’re#%' 85@5‘{6@&9%3?& ttﬂé bri dge 60
at the tibﬁﬁﬁg@?O'&ﬁkﬂh@%é@enﬂi@@é&é@ o e safie Bfdgeanovenae redSTBON machi ne
was progra to inpose a load of up to 40 5 Newton on thewg%;1 of the

arm 65 caontietera/mioutehaatilcep|1260Nevdar X welesveorerd is geachisd: 8b at a rate
of 180 m |l i et ersit.n ' ) | part of the arm 65
has a corﬁ’gfng\ﬁfe &586?8&‘3? V%vé@éﬁt Ocﬁ%% li:[&;%e ﬁ%ﬁéggﬁpﬁgé*skg' the weight attached
t hereto. Ther piergnséhgiveeyeas weas condisiedforeachttest. artnibe dathwagaxi num | oad
| evel of 40 Newtopns is, developed (as,d cted, by the | ell 50), the
| NSTRON rfieshraacal ired phd P&P%@&Vi tBﬁ%}éf ‘%B(f?&é%pr%ﬁe”fﬁ‘% '%g'r’ll&d‘ée 60 and
the mmgsﬁ.&stﬁﬁﬁg pat the sane bridge noverment rate (180
u

mllinmeters/ mnute til a 0.125 Newton x meter noment is reached, at
whi ch Bending (flexion and extension) Examination: A prepared vertebra

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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poi-nt the direction of novenent of the bridge 60 is again rigvmged06Fi ve
consecutive cycles were conducted for each test and the data was 15
-synchronically acquired and pool ed by the PC, in order to present the
resul ts 8oz doseh’ €S- Strain graph. Bending (flexion agkﬁ,ﬁgg,@gﬁl on)

Exam nation: A prepared vertebral colum segnent (suc for exanpl e,
the spinal colum segnment 55 of Fig. 4A) was connected to the | NSTRON
machi ne. - suchshiagtinkamideddh Jaﬂem? métBR, 30 360ULrSREARYHoRS | S al the
novenent pl ane e arns See configuration ilTustrated in

Fi g. 4B) refdtsdinng @fNetWtens;pmﬁer owiment. Slegreen We §is ieHpbFPWE to t he

fl exi on-.exten v h The two arns
of the ef?%g?oﬁ@tagge%g? lf"fggg%}ﬁ?omgﬁg%@@r'ite‘)éﬁlggcﬁ%nmégﬁgtemvenent S
direction. TheEa&stofsthar te%tbdl\fspihala vénanfabfcomﬁm\mgmentsTanWenhﬁt ron's

bridge 60 was ranmed to, ri 80 mllinmeter nte for
gelne?étl Rycles & {qagﬁ aPQrLE’&adsd'lf‘l PRdi 591985 ?QS?'(’@@ W’S’H”W;’EOF“SB?Q neg The

bridge 6G ,gg\ﬁlfe&nqﬁ.ﬁ%péjed again at the sanme speed until a conpression |oad
force of 3 wton was reached. Five consecutive cycles were conducted and

the data was ResgtyoEXRERMENREi red and pool ed by the
49669

~were presente Str t r

PCT/ 1 LO2/ 0099$ Eaio RIS ST érﬁb"%dgﬁg%% sty 1@%@0&:&;@@@@&%@@@ wt on

| oadi ng frektiipatingSidl EXPE!R!MESIH\IB\AMG:H the rtltmeer groope nhentdnedvabovesisnce this is
not a pure nmonment Utt{eﬁ drE for e val ues I’Flt h(? tth@n monent val ues are
presé?ut edhowAdh THBLEa hellew |‘?fé e pxpeiipeaial aRd GRS R W nder vent 5
5 cycles iNaRendi Sybcifighd Bhtaieslfisin atibgrodmal mum nmonment
~of 5 ﬁgﬁh@%ﬁ?t‘g@(}%@ﬁﬁ?g o? EXPERI MENT 3 Si xt een pi gsgv\g?e enrol | ed

in the stanelydeﬁgnat@d Ifoc dristolegisnl enaminatienl and Jhess dn pdOFRA B E(PER VENT 3

30 PC. The results

into the,thre rg nen ﬁ‘%] ned above is 10 shown in TABLE 3 bell ow. Each
of the e%%?? RNty of groups were subdivided into two subgroups A
and B. Speci ngagLeis ai ned from subgroup A are designated for histol ogical
exam natl on and those_in subaroup B § or hl nrmr-h::nu r-g! ex a—n nu.ti on.
Time Hléiologlcai " 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 _ - _ 4
6 Months V11-V12 V13-V14 | V15-V17 V18-V20 10
6 Months [ R10-R11
Epidural / and _ _ _ 5
Spinal U3-us

15

V,RorU- represént the pig's designated group.
Pig V10 was used to examine the feasibility of injecting cross-linked
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collagen under the image intensifier mobile Roentgen machine. Ribose cross-




TABLE 3 Ti neHi st ol ogi cal Bi onechani cal After Assessnent Assessifehpril 086
~col | agen( Subgroup A) (Subgroup B)No. Injectionof Pigs

_Experi ment al Cont r ol Experi nental Control G oupG oupG oupGoup 4 daysVi0 6
Mont hsV @@y%g V14V15-V17V18- V20 10 6 Mont hsR10- R11,Epj (%Mo@sl /[and- 5
Spi nal . V, Ror U- represent the pig' s desi gnate group. Pig V10
was used to examne the feasibility of injecting cross-linked collagen

under th X i 34 17
nor 11 H0g B o B o o O e e el 1 1 2

out of d4 i‘:sfeltllmveegenerat ed di scs, as di scl osed herei nabove. Reference is
now made to i nal
vertebral col r%?r’é:ﬂ%%g‘??% ﬁ?ﬁg ?rg%;%ﬁaég?g ésﬁ%‘usﬁg pri or
5to gnd thé b@hallh\!ﬁrre%fa‘ilcsMn mfrl?lgM'ch:]lmsdxbtmg tmslatewemmb;al Bpk@nt; pddn agen, in
accordance w't n e of, the net ho t I
o1 o \AG, 18 Aty ST Real R piCo bR TR Ihea colraRtk i B g o "

prepar at 'vﬂﬁ'a é{)’ﬁémbaﬂuﬁfélﬁeffh@ﬁﬁetﬁ@&ehoﬁherpr&elnﬂméWnt ebral discs at the L2-13
| evel the L3-L4 level, using the injectjon systemillustrated in Fig.

3. The 10 prebswig M8sut. Bdmillilitense obuporeneofibpse &pps-fyed 3800agPNt he
ressure sensi F
P SRS A injeffedihto ddbh PG intbRBEREI Bbod Btk ledas at the

L2-L3 le
and the L3-L4 level, using the injection system illustrated in Fig. 3. The

10  pressure measured at the outlet of the syringe 38 (by the pressure sensing unit
26 of Fig. 3) at the end of the injections at the L2-L3 level and the L3-L4 level
was approximately 9 atmospheres.

Figs. 5A and 5B represent the X-ray iméges in the region of Vertebrae L2
and L3 prior to and immediately after the injection of ribose cross-linked

15 collagen into the intra-discal space, respectively. In Fig. 5A which was taken
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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was approxi mately 9 atnospheres. Figs. 5A and 5B represent 17hepriX208§ i nmages
in the region of Vertebrae L2 and L3 prior to and imediately after the
injection of ribose cross-linked 15 collagen into the intra-discal space,
respect%M§&Mma%p Fig. 5A which was taken after the im%%ﬁ&ﬁmﬁgf t he
injecting needle into the intervertebral disc space of the i sc between
vertebrae L2 and L3 but before the injection of the cross-linked collagen,

part of Rl B&k IR RRcifg IRetRY3H M s6t enferiflg e iritrtdiscati scal
space frgﬁﬁ\a eo’vg The scr ews960A and 60B are the cancel | ous screws 20

i nser t ed spage folve abeveindThe speawse PAeand 251§ g \cangelloys s4e¥ed in detai |
her ei nabgve Xy lay ap r illu } i n

i mredi at 813?“8%5&0 tl{ )eL3i %ﬁ%eg'tqll ggﬁ%k?rhé E%%%Fﬁ%twer@ff% Egﬁ%iep?lﬁ ??{g?s of ribose
cross- | i pkedhabevbagen having a concentration of 35 milliliters of porcine

ri bose cross-Ljnked cql | age 5 intq.t -13 | - di SE e, W thout
novi ny the pi -gﬁll"%?(“iaﬁéj 0 ?é}bﬁ‘HﬁﬁE‘%‘Fﬁén @Edﬂjl;ﬁn gsf @eéam%eyﬁﬁyzég%?on and

| Mgi NG RHOGHESR of MPpRAiRateRT 85 niifiteRNdf rBdEe reysdiinkedecollagefi 9. 5SB.
Figs. 5C and 5D represent the X-ray inages in the regl on of Vertebrae L3

and L4 phadngtacameentratiet oh 88 yilllifers of pRicina ket eRseiinkethedlR98R oss- 1 i nked
30 col | agen .4 e ] i |; ; t ] LBhin@C whi ch was
t aken af ?{ﬁ? ﬂlt'%gg'll‘%@g[ﬁ c{f‘i%%eﬂgﬂ é?ﬁgwﬁhﬁpfg@t% }”H %ﬁée)gglder\!ﬁlmad‘t]ﬁk;geﬁzag?ervertebr al

di sc spagaring thehentirelirgestiontandémagiog tpetwesiore. Theragrews 624 apdtdBare he
injection of, t'}__le g[goss-l inked 35 17 April 2006 WO 03/049669 PCT/1L02/ 00997
~col | HyenSeBAM FEfOthe injecting needl e 38 may be seen entering the
intra-discal T§P@&R8inf BRANMNARANEN OPTbt@orﬁsmaw: @A iterteft@Rrabrseptiationancel | ous

screws inserted into the L3 and L4 vertebrae, regpec‘thi ve%y, as , di scl osed
in det ai (intemegrisbralbenasingl ofieexL2 Bndphdtsaielfe apd (&t thst ke 9N Efg 5D was
taken i nmedi I I Ninectd-an:-af, AP ERbYuréd odifdduyi [ i ters of
ri bose cP’Sggl?rllalgr%ﬁeegfsga(q;{cfaa&geémgeélﬂg\% rpé)%gmggr??gﬁ{arggl on (la)l];é(ur% nll | |yl iters of
por ci ne ranbtieeXanpsEml amk e ¢! difigrence iwasocalbdateg- fram er measwedl space,

and T nAbien: Boa et orte Saril srkeIiresBg ol Vi CoBIFRkeRT, ho "

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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To obtain an indication proportional to the intervertebral 13eyeafi®on

(intervertebral spacing) of the L2 and L3 vertebrae and of the L3 and L4

\éﬁrtﬁbrae t he di stange Eet \é\egnf;he opposi ng vertebrae was measured directly

e % m and the % difference was cal cul ate

val ues.%e F‘Jésg%l ts of the X-ray fil m neasurenents fgn}cfﬁ?%?m&)}%g (Tasured 15

mllimeters) are given in TABLE 4 bel ow. TABLE 4 Spinal | ntervertebral

separ ati on SIS ecPiEHR B ss-AMRIdOsbINg s didistrtion) bl'grmtoewaé Bef or e

I nj ecti onAfter ction. L2 - L30.40.7+75 L3 - L40.550.85+55 i's noted

:Eat_theswh@t The ToBldeganeBladdionRs anst thels faces igits veke Bracesed 6 val ues of
e interyverte I g but are proport

these. vanyEISHH| Eadlfodts PRRc Refpib8i® 3 0, B0 aha T TABLE 4 above

clearly show P@@&tﬂr—‘nﬁi@m&tg@m@d npadws Suhgn@uph LPigs 3/ 14 3ara | evel s

wer e substanti f
36 14 hoRrsinsdder Hiecparousigs chekman e LRGY AU BRINRDRE o oot o
cross-li Bfﬁ%cﬁ@r‘mnbﬁ%l@@ﬁh NiTHer @geRBratiné tnodedwasreatad i frireediscThe f our

degenerated discs and their facet joints we cessed for histol ogical
exgm nat Irtiheé:éiH/‘schl@é‘péEgWélpelaﬁﬁﬂib{Y\@ 'ngtbeffp\éébplﬂé” 9PUBuped i nt ogtwo
subgr oups. fopsbidies sk ASlcdl WyaltiaBbAPalineb cahfiieeval uat i on,
while pigs V1 -E%{/g% st |an@d %q%negagjm %gslp eval uati one The :
~degener abi ¢&l 2003el vvas creat ed .in three discs in the V11-V14 pig subgroup,

i o hant cal MesitR: bme 5 pBS R Y O sybBipuBh SRS Re SN o
the 6 pi ggKaylert¥zal cbmnﬁx@ttgrmuaadﬁonaqggmmmg)appmmmdtwﬁw saraet ebr al

colums of two additional pigs havin r oxi mat. el
weight and age, which w%reg not operated, vg re exammec}/ for blomegﬁamcs

and used as a second conirol group (non~operated, non-injected) for the
degenerative disc model.

15 Five pigs, (pigs R10-R11 and U3-U5 of TABLE 3 above) are 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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wei ght and age, which were not operated, were exam ned for 1GiAmddhanmi cs,
and used as a second control group (non-operated, non-injected) for the
degenerative disc nodel. 15 Five pigs, (pigs R10-R11 and U3-U5 of TABLE 3
above) Sodasgdofor safety evaluation. Except forlﬂﬁbﬁﬁﬂmm%ﬂiCh was
injected in the intra dural (spinal) space, all the other pigs had an
epidural injection. Al pigs participating in EXPERIMENT 3 were generally

in a very gfpgéiNée,lrstfaﬁge“P% F%’}n_eéﬂ?%idﬁl A8y Rfhehts mré@%awri@mgl 6Al6F

per f ormance. | npi ng nor urination problenms were 20 observed in
any of tranddniTABLE befTh.Es8beiom ci ng. Exenplary results from Experiment 3

The nechani est re f.or m ' - um
segnent s ha@&%r}e% fseﬁ'g‘ellg%gérﬁtﬁt ﬁgg'ag {i"edanWe%gt H}eg%? %ﬁésﬁéﬁgf'ﬁ%’?ﬁ% sc
degener atgraphs nillysteatiMyO cundspirgpéséniirly TédBintpl&s bh eisgits/16f fitxd@m L2- L3 and
he. f Sur (HPSHBATE RATUeHEn FREERLER &1 b ShSEN DAL R MBS AR nchani cal
: mechani ca
tests wer ntr@ﬁ{ﬁi&ftrﬁﬁ@ 2 SBAfeARAY %Qfé_dVﬂi%Q (Flgy oM b etal195.0big el a pi g
designated control I (a non-operated pig having the same age and wei ght as
t he test duvingi daiprvettabral hdiges cipjegiads wilbr aibpsgt e@serdinRyl t998ageUSTIRON nachi ne
as 30 disgl LN, | | i f: hng and unl oadi ng
vere. perispnEncs SR B e R et oo BIER RSP i RERLTD |
physi ol ogi cFhe yeaphesliustriaietDin NEge. GAs6X ane farce ivarsub elisptacesnedt grapbasi on, and

torsion. 37 17 April 200 /049669 PCT/ 11.02/.00997 The.. ts of th
rechafl i e P8 EAIE. BAEG URRHFISRER BRESeMARS Kieos ATG o HRBLE 6 -
TABLE 8 hghous iRN8A9CaridSthe WrinBstal H@sepresehtheRlistcement of Bxenpl ary

schematic graphs illustrating curves representing exanples of results of
fl exi on @m&xbehe edangopeter 62ned on di ssected pig | umbar spine colum

segnments fr 0 r.olgd. ] ar I | [ V16
and vis) . prie SRS yRERRN I ids MIEeF ARE A ET o2, Yorp S TRPRRS B o0 O°
cross- | i njrephs; ol thgegraphs of Bigs 06DHI; chawerticalraxestropiesent thefforcadinmet hods  of

ersis di NBHaES O grubRer 48k o e iRt e STuogR0GET IR Verti cal
axes T eprpehhtal Aked FepRsaAL O dRPlakBfent 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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arm 53 (in Newtons) and the horizontal axes represent the di7sjrdééfient of
the arms of the extensioneter 62. The graphs illustrated in Figs. 6D 6F
are also force versus displacenment graphs. In the graphs of Figs. 6D 6F,

t he verty s represent the force (in 15 Newtons | on the arm 65
due to t g%%%fgrent of the bridge 60, and the hori zon%caﬁﬁgi)@gwrepresent t he
di spl acenent of the bridge 60 (wherein zero displacenent arbitrarily

i ndi cat ef#@ﬁg&%@ﬁ E?ﬁsﬁfﬁ‘ﬁ BegPEibHEan ShhicH reblvs Begbpplication of latder t est

cycl es. ve 80 represent the Force versus Di ﬁgl acenent
dat a f or for@s aleendaded teincluos ashisplaceriant thesds themideis resin M Ed®n t he

spi nal colu fromthe controll pig. In Fig. 6B, the curve 90 represent

t he Forc@uwg:}igus Di spl acenent data for the five cycles of flexion

measur emnﬁgﬁﬁﬂ?,ﬁn”@@bénﬁrﬁﬁve isfer-waltelral disns, theomngaefpdigplacegnentn Fi g. 6C,

t he curve represent the Force versus .Displac ta the five -

cycl e5 ofpamsd &Y Hheadineanetlt Ee%rg‘r X‘B?ﬂ@dmf‘ﬁlet W@ﬁzgfﬁﬁ% n@ﬁcecg%%%% fromthe

pig V19. dﬁp%c%%lﬁhéﬁ%ﬁﬁﬁreé@%c@mﬁa@w@m Edmp&ablel mar-gsgenefativai ng to Fig.
Ve

6A, the cu as three parts. The mddle part 80A of the curve 80 is
typi cal | issearly horizontal or has a relatively shallow sl ope, which

represents (e ragi g Of DENIIAGLEL B PitoDoRKh BHREHmA 08 11  he

applicatio Yy s orce results in arelatively |arge
ver t ebr akhgliaptyatsnaidrsionrmeasesements pegomesdini the kyinabeaduma fresi A or

ext ension of the spinal_colum s nt beinhg_tested, ' arts 80B

and 80C 6PNYPlE Py eF‘@cﬁEﬁé‘Eﬁ S T soRrRast t%%%@ﬁ(%%%@%ﬂ%é%@s/ 049669

PCT/ | LO2 ' i dMehts deffogred inope spinal ediieh regi ons

t he appl #g%tg{?’g%ﬂf@%%%y@g@e@@%ﬁ needeﬂd to induce_ir%rdi SE| acenment than
|

in the nifdi dhe qug o BBOANOFigt 1B&, theircuevesd14Tippresant ye ihprefe yJefdPat i ve

I nter-vertebral dis . f Q) ' SRAD ghe (linear
or nearl )ﬁlﬁﬁt??\c@é{ﬁmr%%g%foi“Eea{"fen%&iet%hoefq?%ﬁggﬁ%ée%%rgeﬁgi spl gﬁgéhnepﬁtth curve

i ncr easesgpnal CONPAI fbnt tha Higry#e.abTike riisplaegesnd r atliase repiesant e Fig. 6D,

the curve 110 represent .the For ver.sus Di spl ace A t .the five
cycl é% ofdlﬁp@@ﬂ”@ﬁ'tdﬁa%‘fﬁ'r“@'f?g‘ﬂ?soégﬁ BF'S@% t’#an?'}f):'me aggg'ﬂ’il‘faqgoﬁ%ﬁw‘i*?tom t he
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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10 controll pig. In Fig. 6E, the curve 112 represent the Fdi7cderii@f8us

D spl acenent data for the five cycles of torsion neasurenents performed in
the spinal colum fromthe pig V16. In Fig. OF, the curve 114 represent
the Forqey ¥fiisds Displacement data for the five cyclgs si on
measurenents perforned in the spinal colum fromthe p| g 2\?% The
glsglacgnent val ues represent the 15 displacenent in centineters of the

ri dge r&réh%gp‘ ot n of the
bridge 6 Isf'?tl lggf?‘nntfrﬁfggof tﬁter%tggs%o pbﬁ]&r Efjosec{%r}ﬁ)tgg?gﬁ o

her ei nabdhe. cufwasnifargtheo sikey. of 6Carity hef dlustmlomowe@pdewmf‘@dt fe Hespl acenent

of the br 60 versus the farce |oadin torsion in
the | unbéfr'SPgEfﬂ emant ¢ &y Iduﬂﬁ’ ?88%&['5 %qerq%r{’( h@-@é%@% G%& n‘iﬁ&gﬁl n detail
‘herei nab%‘({ﬁttﬁéﬂﬂlr(\;/gh@ displadehfent sale alt tf@wmrbcmgpam:ng $o frreoend bretheont rol |
pig). TABLE 6 asurenents of Torsiaon ge of di spl acenent

desi ghat %‘WBW%%CE[%Bpﬁb@ﬁ‘é’ﬁtuerqrﬁ@%d(sl?ﬁfem Bialthe PPINg CaTRPPEISINg 8/1919 4 25
The maasg § BE i nigﬁﬁéqﬁm foseidH ¢ %dibe torsion tests shown in TABLE 6 were
perfornmed on agp t e curves 11 112 and 114 illustrated in Figs. 6D,
6E and 6F, respectively. For each of the curves 110, 112 and 114, two
points on t represent t he ersal movenent at the
begi nning a ﬂgBﬁﬁ @t‘?& 5r1% ?#ﬁ%gt fogln(t&él '?Hbéj\gfe identified and

- marked on tdepigeEént). The val ues of 39 17 April 2006 WO 03/049669

_PCT/ | LO2/ 00997 displacenent of the bridge 60 for these two points (the
points are not shBigrdesignatione cur yes Tpid EK‘I‘?@S@%V(@’SI@PWQ'}; of

il'lustration) were determned onjthe displg g:t.n)axi s and the bridge
di spl acenentj range was det erm ned by subtract he di splacgnent val ue at

the point correspondiongroto the epd of the 5 th2i0d torsion cyclle fromthe
Val ue Of th ¢t hn po: At r\nrracnnnrll nn to the begl nnl ng Of
the third torsion cchEﬁ. TABLE 7 I\/EasuremantsTéf erX| on and |ext ensi on

(total rangeof—dirspjpagement) 166

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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Pi g designationTotal Extensioneter Displacement Range (cm 1Coqiiidbie. O
V161. 8 V191.66 10 The neasurenent of the results of the flexion and
extension tests shown in TABLE 7 were perforned on the curves 80, 90 and
100 ill in Figs. 6A, 6B and 6C, respectlvely h of the
curves 5%6633)6§6g%d 100, The foll owi ng procedure was ’5@@&’%?”3 determ ne
the total extensioneter displacenent range. The procedure I's explained for
the partiGikaso S¥AB! BACT TR VAu8UepesBh: tfAtotdiUfohnBebd fBhge d#A  the
poi nt 85 Fepresents~the average position of five points representing

t he revdisphcemint hmddnﬂhecﬁxp@rﬁnemtahfﬁw of the arms of the extensioneter
62 for each cle of th e p of the
graph ill ustr et(lfel S b EP n\él ]Aé\tyéjf Efgls 5\%{ ﬁe ?%ﬁdne? ?Z{é%@@%nts t he
.aver age mshﬁeﬂiemfprééwufé ¥€ digelviseti $n ldetauiefeletlltel cugve 8O of igr@alvasf the
direction of novenent of the arns, of . t nsioneter 62 for .each cycle
of the fiuged.@nd tbe valyes g thedqi @‘F%Pr‘?ﬁﬁ%\rﬁ%?cwe” rﬂ@%?‘?pﬂ‘u"% ﬁust rated in
Fi'g. 6A Thaggpesition of the points 85 and 87 was visually estimated. The
di spl acenent” val ues corresponding to the horizontal 25 axis coordlnate of
each of the ploi 'ﬁIE\BLB58 detbvg thegesultse ol MeaRwEMEaNt of e \F%!ﬂ@llé nesFlyt he

di spl acenent for F’;gse al ue for
poi nt 87i?%argqe\/rte L{ngﬁgw%@ﬂ@k{* eﬁ?ﬁex' @%f‘%ﬁe?ﬂ | pF&g@%nt range -
for the WG%WHQHe%ﬁQ@V\é@ afd @H@ﬁrﬁ%l’%ﬂgeaﬁ‘/d}m%’em@mﬁe gb@enoh Fig. GA.
Thi s val ue represents the total (non-linear) range of displacenent under
" the HkpeCPREREIEIS-force used. For the curves 90 and 100 of Figs. 6B and 6C,

respectlvel-y@,ng gsame neasurenment procedure as disclosed in detail for the
curve 80 of 'Fi BA was 5 used, and the values of the total extensioneter

di.spl acerment| ranBig are| gi velxtensiomaBLE 7. || n TABdénsomgelebw, the results of
Tover most 1 esrasnetian oo paRcengsapad B HigpidCenct MRBETIFDS! 2nC
Upper cycle portions Lower cycle portions
(cm) (cmj)
Control1 0.56 0.54
V16 0.6 0.58
V18 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 Jower
.middie 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. .6A, 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. Similar!y, 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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V16 and V19, respectively, are shown. The range of di spl acd@eiyrili280@i ven in
10 centinmeters. TABLE 8: Pi gExtensi onmeter Ext ensi onet er
desi gnati onDi spl acenent range forDi splacenent range for Upper cycle

porti oné&ggﬁ({f%&gcl e portions (cm(cm Controll0.560. SPACT%{SSZ%O%Q. 58

V190. 66 e neasurenment of the results of the flexion and extension
tests shown in TABLE 8 were perforned on the curves 80, 90 and 100

i 11 ust rg%@ﬂ%dlb E%d&%- curlS 864t WhBNANE H§Serdshs NRBbVBEbY thefuiveed@ haof t he
, an

curves d 100, the follow ng procedure was used to determ ne the
ext ensi onettyet sidbipedicenent range for the upper and lower niddle portions

of the nearlyl_‘gl?ip(il gﬁ%%%ﬁ%lﬁﬁlaﬂ]estclaﬁeww%@ho iégn\(g%sdxg%ooﬁﬂna?ﬁggl 100. The

procedure is e par exanp curve 80 of Fig. 20
6A. Tur nidrgedpending .to e atdrageliesp|paidsémdr shawgp obihergramp ehtherpper

f / di spl t c ly Li . Vi ' df |1
fiveS cunbariieal Bagonsmun PR verd i RE e S TInEH AR BBl T A1 Y % e
di spl acegeny, Tiﬁé%ﬁle?ﬂéﬁ%ioﬁﬁ@ieF Riidphsbehing &vet 9 appBrRYcie Wortbnsawasear | y

linear was visually estimated fromthe four curve portions 80AL in the

| over padetehinet dy28ubttacting e value of pre endyaint disiagediens Yalig " nor ed si nce
H t { i it / 00997
¥ reerenenta,Ratt il LS Bupah | AARaP B BASREABRTUALES

resis ehavi or of the curve
80 has B@kespohdpigabi the zeezonfhieaxis spordnabesnconasiponading oo ithes p¥eraBag to t he

hori zontal axi s coordi nat ' to_th : i nt
Chovity " oend meirds dug SR ot IBRarouE ondss g nealf MERT REFGToBO0n0 wor e
visual l YSHEL%Q?&%ﬁerde hehd #Oamfe (dhethBeatdry lihamraextendiemsiconet er

di spl acenent over the upper cycle portions was determ Bed b Eubtracti ng
the val udisplacementoderpibe npper sylleperions Was determiped by suolagting B¢ ¢ he

remaining @ Bginngstaber%iem vliddas dibGosi SRl anepEN. val ues
The values thus obtained, represent the range of displacement for the
15  nearly linear middle region of spinal column movement under the experimental
force used.

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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corresponding to the horizontal axis coordi nates correspondi’ngril@00he
average 10 end points (nor shown) of the group of the |ower nearly |inear
portion group 80AL were determ ned, and the range of the nearly linear

ext ensi r i spl acenent over the upper cycle porty g@%det erm ned by
subtracS‘l’n(qsra\%"%t“?1"';(‘3ng end point displacenent val ues as di sﬂéﬁﬂ?g er ei nabove.

The val ues thus obtained, represent the range of displacenent for the 15

nearly |i nearF@trE@leecnﬁi%gii (It viRR) thdke FRUHEBhEW bR ALt BETexidial

experi nment al e used. Ilzor the curves 90 and 100 of Figs. 6B and 6C,
respect i wed yorsivhal mechanicabpropedies of therebwan PEINEPIGH wWhich &e@ved et ai | for

the curve 80 of. Fi.g... 6A. . was t: ; - r f
di spl ac eﬁ?ﬁ?pe}"@P 'ngcg'oﬂeoet\#‘?‘iﬁsflﬁﬁggPOI%&%Q I'@%%ﬂ@%?%%%%@ﬁ%%oﬁet er
di spl acegegéndra@gfsceer e determned for the upper and |ower groups of curve

portions as disclosed for curve 80 herei ngbove gn he .values.obtai ned are
gi ver? i n TABLE % Hgdreand forgigh r%%}?@ RWRIFOVE ﬁé‘aéﬂls af%i 'Ei%lé(#%' Cant

di fferengg ; i h88 withesiHbinBo@imapit 85 ihél freast iMidhtiomhig range of
not i on o?ﬁt]ﬁggé\%ﬁpg Ibgéllacgfﬁ‘alggnylof 25 Si;%s V16 angr V19 is | ess than that
e {

for the cuwytbolpopsible(toi etapautieslly )presasve whdegst seMenohiiie BRERANSEN st udy,
the range of dis of: .t h C Hrllﬁlﬁ‘ Wl I dnObt by | arger

t han thaprocﬂerqar?egtggg%%tspg&f% g1 go'ﬂ' rol i?ﬂcyaﬁgg %{T‘J}gl Ii%%‘ gcement range for
- the col uMjecgEEBRIpapdtioni of riddSe crostinkmt cdllagen.t he  di spl acenent ranges of
the pig controll and pig V16. Th f instability as 30 is nmeasured by
the length of the linear middl EW‘% curves is sonmewhat larger in
pig V16 than LexpBri theRlokmBd Qo Rshite BWefelhiingbstwieanthg V19 than
in pig V16, 43%76’4&%?%65%%2 % 057049669 PCT/ 1 .02/ 00997 From the ¢l i ni cal
poi nt  of presswret tdbe ontisiuifthe syivge Bk Bhendiheopresswrg MR the M8t or si onal

e AR B B IR SRS e e
of nodel ¢ nerate discs. 5 The flexion and torsion results shown above
Dol et of ThIRE ECRIOS: [NHBRETDH. 34 (1 iy e o8l 5% Do kY apeut i cal I y
preser ve ghdeasblyiRdRafle WaGhtBREERMN ARbF 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 disclosed
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 preésure 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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properties of degenerated discs in a manmal by intra-discall7iAgrdéddon of an
i njectabl e preparation of ribose cross-linked collagen. 10 EXPER MENT 4

Thi s experi meEt vvasI perf](c)rmﬁd to determine the rel ati on between the

pressur outlet of the syringe 33 (Fig. 3) an sure within

t he mngyg_hsdﬂhs%%pace of the disc 30 (Fig. 3)g at)thed%(?\@‘igﬁ({ﬂﬁe I nj ection
of cross linked collagen. 15 Three virgin pigs (nunbered as Pig 1, Pig 2
and Pig ?%\PIP_%VQ ng approxinmately the sane weight as Pig V10 of EXPERI MENT 3
were sac I'ced. The lunbar vertebral colums of all three were harvested
as di scl os€d Spirditienalbdve Bradstieatdutietofat
each | unbar v?rtebr | jcol um segnent re
porci ne ri bos&TIEdEDss- quﬁﬂ%%lafctgﬁleﬁaé)\ﬁﬁ]enj
concentratijon ofy35 mjl Iih%ﬁ{gﬁ(mhbg%érégr
(illTustrated in Fig., 3) was used for perf
measur ementls as di scl ose®ig h fePig? |hBiod n

o\LEd 2 e

|

- Hetraliscal Biegswe afhe L3- L4 of

| nj.ec L th. 1.5 mlliliters of
c‘lthgbqudc’gm‘%gjreglgnon havi ng a
f PBAtmdéhesasit em 20
_ _i-nlectigniand pressure
alftge. Tﬁ@%re?éﬁh?e at tﬁe
outlet of the—syrRge—J33— reagHT ety di L,IFTL§>E(' Z5Tergighabove by the
pressure sen&% t 26 (Figl 3) at [the end of " the injection.| The
pressure intheginner disggspace gvas [neasured @s di s@ osedSter ¢i nabove by
the pressurle_sensing unit 28 (Fig 3) at th nd-of the-injeetion. The
rlssxlpt_sl ofzoghe pressure neasurenents are sunmari zed in TABLE 9 bel ow. 30 43
ri daali V) ressure
out | et of Inﬁ- g@m%%gﬁ?ggégggéﬂdgt%@Qiﬂ%ﬁg%tﬁgglgtsérreﬁgut‘é@értl ﬁt%higlngeﬁd of theat
the end ef gtireaindsphibiesnmey dm npextin the fukictios rﬁyeﬁegsﬁgmfrﬂj@ riesant)

5  invention without causing disc rupture. The application of such pressures at the

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

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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Pig 1Pig 2Pig 3Pig 1P Pig 2 L2-L3121097.5a L3-14109116 The l7e5uil2§06 n TABLE
9 above indicate that outlet pressures in the range of 9-12 atnpspheres
may be lj;_ed in the injection system 20 of the present 5 invention w thout
causi ng (i s, [upture. The application of such pressur out | et of
the syringe %4:[’3 resulted in the devel opnent of intra- d?@é@ﬁzﬂ%]?gssure | evel s
W t][n n tgne. raE%eﬁEme 5.5-7.5 atnospheres. It is noted that in the injections
perf ormed .| 0 FXRERINENTy Heiskd RIiAENTirflorovd1 @R rasidrConeefliniorsas used for
i nj ecting J%‘ﬂe int erverggbraP 13?&5!58(:8,1 t_hrﬂpf_orce applied to the rod 35 of
t he syri mgzhasicdi propeticexciethé gBoalNenitonsincluding) put Rek EMishée.i ent s, there

was no observabl e | eak of ' r; =L I mat eri al
fromthe d?fg?'}ﬁe chSp@ﬁ'tnp%%ﬁ'f’e%%‘i:en%?éé#éa:ngﬁﬁ@dthgH@%aﬁﬁgmgsﬂhtﬁggleﬁgﬁé!os us of the
i nj ect ed afigfe torElehahaesmiisal pfoperties vt thengminalioolumm ee dtfer weshanitaldr awn from
the disc (at the end of the pressure, i

pr epat at iPseRertiaool thexinlgstesk disf(a) ebP Hﬁ%ﬁﬁ%‘ﬁ?@g icgrrﬂhe‘\:'/\égﬁ%ﬁls g}gz 3 fromthe
punct ur e‘?hérgg& g€ di%fﬁlo%gé’ heRihi§ b &;ée%i\ﬁar dﬁﬁ%quéﬁ% thegRght 3t of the

puncture e “the i'njection’needl e I ch prevented | eakage of
“i ntra- di patétyby incesingdiheedistance betireen beweriobrre ankingsdberinigsieds di scl osed
her ei naboyve, and illustrated in 20 the drawings indicate that the

i ntra-di sdésﬂsi njection of cross-linked collagen preparations, and
preferably prennpavarage obtcansinog df ihe ptesent investionsisi that duk taathel opept i de

fibrillar type-I, collage 0ss- | i nk b -)rib V. ot. '

b e el it Rl s Roie SRt et s e e oot L o0l e

in human pat LS rﬁéola%sbgieggﬁgﬁrés%p&r?@Dgg)ua@df Rhtdriagafrien hchesgBninpat i ents 25
Sy

presenting degenerafiVve | sease nptons, or_as, a preventive
t r eat nentintervefiebiabnsmacing @ndnthe H@pevsaene o1t everador cefpePHAk ey DDD. The

o4 11 AR MR AIROR ST AANN Sl S TR By b ueed,

spi nal cQgesMot A6pattl (g leabtior that sHarntetr@ffect oftthe injection) on the in-vivo

15 induction or buildup of proteoglycans, or on the growth or restoration of nucleus

pulposus tissue. It is, however noted that long term effects of the treatment

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 coliagen 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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di stance or spacing between vertebrae flanking the injected7dAmd@ePo t he
fl exional and/or torsional nmechanical properties of the spinal columm, or
ot her nmechanical 5 properties of the injected disc(s) or of the spinal

col um tient. Such therapy as disclosed her e used ,inter
alia, tqu)@}sgom ge the height of the patient by mcre?& ﬁm%‘g di stance

bet ween the vertebrae flanking the injected disc(s). An advant age of the

method Ofgl Eﬁarﬂpﬁé%a LB 81kl Pt WiRiNeODDIE solf YobDeshé nj ect ed

into the spécific pressure range used for injection, and to the
r heol ogi tredatrrmnbparamaersofsucﬂnem infe calied theavelumg) of qofegeminiasiask the,

t t ebr.al h | bio-
rechan ¢ MEGIoB PR B RPttet Papiegh e S Ed ol FE LSS llesh 12, 205
and doeg;ithifta deRRNEbk AirabiRs tinfepthd lgaugd of tthé eecatlef ﬁmtn%ﬂ fohbe i nj ecti on)

on the in-vivo 15 induction or buildup of proteoglycans, or on the growh
or rdst opditabiadapiericl eus pul posus tissue. It is, however noted that |ong

termeffects gl LRGiohof#idbraMe rlﬁﬁé‘&gsﬁhﬁ@d%ﬁ dgierein may al so include the

in situ depo proteoglycans within the intra-discal
space or wit hTie urh]ecta!nipea;mm}lnmeds@ollagalkelﬁedclﬁl E&BER'M@NEH A3 Afected into

the t t | t t

ar out 1 ol RS SR TSR Sries e e SR R oI 3y PO et
space. | mjlpgahyideensthatet fmapeﬂoﬁde ;dum:m@ cplegeartrsss litked byl rihose ped
concentrations of the inject L OSS d co P $ar%I ons may be

si mi10ar miltlitemef @m@hlwrﬁp@ra o TR Q@%’g] Rd ;ﬁf’b;%ge%fﬂa nepdgH ) pressure
Lerel PR ﬁr@tﬁ&&% dF HrEhiflor U atictls SBri RbGiceeiaby mnm egllagam T ange of

0.5-12 atrnospheres nore pref erabﬂ?y I n the range at mospher es
and the @ang &isbdtbdasbdnmdeiﬂtﬁeldln’famaweﬂ atend ApRications P§T§L@1f%03rﬁ1|:| iliters,

and the col l %ﬁpﬁﬁcﬁ?‘%ﬁ nerat @ggg@%ln%ﬁ]btép ) 2?7%42 r%m&atggoss | i nked

col | agenPpRIE pr epar however ,

noted thabreiBy aéwé@c@rrﬁf@érrti@@tywanqmmmesbe m)dlfled or adapt ed,
depending, inter_alia, on the

di scl%) to beBigflyedt gelutiognal me °§lﬁgg@gggﬂ)ep%'ggﬁar‘?ﬁpp%ﬁ%d%#)ﬁgm%elt ES
treated. gsed @ﬁ’é ﬁ)% Mﬁrﬁ%%ﬂﬁ@% Rfak/ b%&p%{_ﬁn Forcibx afpi)e, i f the

nethod is cani DDD, sone or al
tendons commercually available from Pel-Freez®, Arkanssas LLC, AR, U.S.A,

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




treatnment paraneters, such as inter alia, the volune of coll7ageil 208§ ect ed,
the injection pressure needed to inject the desired volune of cross-Iinked
.collagen within a reasonably practical tine, the gauge of the needle, may
‘need to itably adapted. Preparation of inject Cross

| i nked gg(ﬁsg)g%ﬁr%lyThe i njectabl e cross-linked collagen %gjélgeﬁdgngPERl MVENT 1
was an injectable sterile ribose cross-linked porcine collagen preparation
corrpr| Sl i Rdd LEl&E hsd aPRRb4HRIPBUFERE &Mhéagen cross

i nked bgg glgtsé;béﬁlgrggﬁgﬁléfﬁ@?l ter of |ﬁ}hect ag epgféepar ation. The
cross Illtkaﬂ)ln,}odepag’ed osafrifiegation @addeisnspaePBBN. Met hods of preparation of

Un | nter nat i ofh PRRtSRin 5B o by SEY vERBREY b ienRbsfu g B3] 0 deral]
:‘Q]E g; gﬁégorlﬁ{vrl?)ébg????%?@omﬂmm PBS. OThe 93 L, nbcrsemqhdroatlmd iBerein by

N f ut f
mol eclil aPPRWXiMaiel tﬂ@pQWﬁFz 8 |@Fgu@p&8d%plﬂbrd8\”ﬁegar%'§“ﬂ§tael G@%ﬁ?’é{ggno( 1- 10
mlligra t' 'ﬁhts {eﬁflﬂnd"é’t%lp%ﬁeﬁ"seﬂ]efcféélnfb%ﬁﬂly@ﬂdé@ﬂksur&@lﬂd@@ﬁaﬁOfTTTEr cially

avai | abl Freez Arkanssas LLC, (SDSI nization in
the pres m;@cdmgfdeam (suchcasdamtdlowmtamie@atst@ﬁi tyhe 15 fegdie) I%té?l

preC|p|ta¥|on as is known in the art. (see also U S. Patent 5,955,438 to
Pitaru ef hf@ <L;\I and U. S. Patent 4,971,954 to Brodsky et al. The resulting

nol ecul ar  purTé g@lmmpg'egli ted rﬁa;ebema[mei cegp af cidngaubepte 34 galideagen was

di ssolved in 0.01M H and nmai nt ai atf 4C. The col d aci dic pepsinized
col | #yen bybptiies %ﬁtap@(tugﬁsgesg]?d SQBf n concentration of 3 my/m) is
neutral i zed L aEl 21ie ﬂormﬁehoﬁﬂqe %‘:Héﬂb! inehQ@riteiR bbb teémipepri sing 1.6
granms sodi um hydr ox y

de and 3 &r ans of di sodium he{(dro ene[Bhosphate
di hydr at eo&lngenmhodeBﬁ rﬂuditﬂrfaes uaa@te adnhthe exagtcencealpliak 11. 2)

dt 7C 18- 24
hor e RReS T B SRR ST ERF RS nSTlapn RRoRoRBK S fon 1028
in the rc@ﬁ@n@ﬁorampltmmtrmbye 0 4R0fnatincixiore isTagproxibwitaly 406 ww) agen
particulate matri x

cent 1 f uged ﬂﬁ%c?ﬂc@(‘ilfrﬁﬁ'?’h?ée érb hte:fr@'@ﬁ#‘ﬂ?gﬁ?rglr'gﬁ% (IQ’B’ Bﬁi%b‘?&?d ?‘ﬁ"’ﬁS?C 'S
4G 370) e B e O e T 06 b 03/ 046660
PCT/ | LO2/o®Q%Q)7 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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particul ate collagen pellet washed several times in phosphat/eAilf2086 ed
saline (PBS) by repeated centrifugation and re-suspension. The pellet spun
down in the |last washing nay be resuspended ina 0.5- 80% (wv) D(-)Ribose
sol uti o%bﬁsﬂrgﬁ% The vol une of ribose solution used | oximately two
times the vol'ume of the spun down particul ate coll agen pePﬁBFJ7 The
resulzlng auspen5|on Is injected forcefully under pressure through an
injectin C I negRde) into
10006 et BaB R R e e e of "1 gauge (o
34 gaugepo]lab@n bisithet WweshesuUiwcalinbes hmb@m?@&%ﬁ@cm%h%@'ﬂ?gﬁﬁ apd ef er abl y,

h I f
col | agen/a-aueeece nevite Mg CeleeR BN FRARE PR mblams o o 1he

D(- ) R begRslinkdBeoltigenSdranilligdr S:Elehs;iéfnaionafrhrsrpdrblaelpnga;mramqmwas conpl et ed
the final concentration of the

appr dxi mased or ineetigo/nto the naieine % 'é%ﬁ%‘gﬁfﬁ?ﬁ?si Bh Q@F Oé?ﬁhﬁﬁmqtbrqvghe final

mxture i I@T 1'IEXP RAERT 3 Bab E)I(Ib‘IERFPI/IEIQT'C@nTa atfbno ctihg given b
way of exarrp;(?e on and ot er conc‘,gentratlons %ﬁ%h orsmie an%/ gr et ha%ol

may al soirte thesaﬂhbd%rshasah&té@ﬁdlherdeam\de IanXﬁ’EIB@Iﬂ i2onBYPIGAMY R cat i on

nunmber WO 01/ 79342 Furt I t th
sugar ty{88CcangpY %o@zaPPWIr&agélgogg “ % g’ségjsgqf]ose(sjﬁ"%&&d%dgfglf iﬁr
i nt er nat iypmikr lUSldpeativa mmmrfomuwwapqacmm Ma irafgecef $gSander
pressure is perforned in order t

r ecoHbt i tRIMig@NTs RN 'InI“ﬁ'ltechSWSa'é{E‘ﬁg&Qﬁ%%V@@ Lﬁggﬁg % chscal %ﬁef??]éat le 3'?? l)ln

and to pgg DRk Berﬁifat:aﬁé bP&RRgERFial Ch&fevdiealé®bé lsed. dehydr at i ve
action o %(ﬁ rﬂﬁanol '?ﬁe col ﬁ;n suspens?lon i s then mxed andy 25 or

Zg?:k]?n f olr | aplﬁmroaocahnmiegle;xpenm@ms w that rbasergsessalinked norcieeoliagide of 4C
or allow t.he cross-lin f t enper at ures
may al s@" %’@fﬂ?ga)'“ cpngeDiEalions &t ruE)cfrz’os@)r}j ﬂ%? ycg(g'l i %lmélc};sfggiggléorr:pl s
CeﬁPedf S@Vc%rsmhkéd (rj&ﬂagerg g@hoﬁlﬂm’@t eofbstfspension Sl iRRS)( mS)bebgpumewat ed
ri fugation and re- suspension to e the unreact ose and the
et hahdl . eelpd thieugpengasies ga‘f"é%@sﬂ%‘r‘ﬂfe&‘t %8’5 eé(ﬁﬁqg‘ﬂ?‘bweﬁ'ﬂ? othng librate
over ni ghg{ué@&:{nrrﬁ@métdu%o@d ‘Sinabbld Py bé |dldy pbiferet epctiagehe typical |y
performe eratures 1 n the range 17 April 2006 WD 03/049669
: concentratlons of up to 90 milligrams per m|II|I1ter of suspensmn
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
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PCT/ | LO2/ 00997 of approxi mately 4C 37C, but ot her tenper at u7espmedp0al so be
used). The collagen is then washed two nore tines in PBS as discl osed
her ei nabove and resuspended in PBS to a final concentration in the range
of 15-6 Wddbgpams cross-linked collagen per mlliljter of, suspension.
Thi s porcine preparation was 5 used for injecting into the porcine

I ntervertebral discs as disclosed hereinabove in EXPERI MENT 1, EXPERI MENT
3 and EX VENT ; d gt N kiat g t e ' S oft i scl osed
her ei nab@'\lﬁgél n Eﬂf@éﬁmﬂkﬂ%.f@ﬁ%ﬁéﬂ yr1o'sf§ ego&r%ﬁhelél rgFtoiFrgﬁ%(ﬁ)]f Oa|?)ﬂ|c‘)]rdoxi mat el y
25- 35 m Fdrimgtianef othes fisduertikeas. col | agen per mlliliter of suspension was

used for rabbjt ear .injectjo a f 4.35- | 1gr per
Milliliter crBsBSeaiaks B, Qfé%%@hﬁ%ﬁgf% th%n?f%éé?é{.)édygt‘{"?rﬁj B on
exper i nefHjsctalsik NerossanEENtoiRigeANsrephratiohs aged forytredtingemesrvertdbsal be used.
For exanple, experinents show that rib se,qrosg-l i nkeﬁj@l%%rcil e col | agen
prepa¥ at dises Ay dehceediiad | iy evarpies e edRPIRatoF ¥ S CPIA%Pams of

ri bose =l 3 ; bdthdddsCliviRd cENS RIRINY, BibrépautieBS) can be
routi nel %Fé%%??tlrﬁngéﬁg’é%4%8@#'%&%@%@\%%&'? 3auge orqd 22G ﬂ())r even | ower.
Thus t he mataiiads bi compeiriisdy agests| axkdenaticanaiatialver grie theral¥so performed at

col l agen co ntratiaqn f, . i L Wbl L f

suspensi on. Rgﬁ?tll"malcfe& %Ywé}fé%’o%gdgpﬁ%q q{)ﬁigﬁl P‘E%clté]dgilé ndr%% @Lketghe col | agen
pr epar at icilaged plsiFEReivhedfi thendvention t eyt imcRidS, binter malis, becrtabyateui t abl e
type of biologically 20 tol erablﬁ and %ﬂ_a{ maceut i‘Calch accrgé%t bl e buffer

" or i H} ecchendrogytes.d VRiRRIAtS stonmecelly, vertobrais, Progenire &fs, Y ffose
cross-|i i gh ' PR Rfisase@ matised

her ei nab@é@#%?é{tﬁeggérlgi nelpE‘rérerigocglr%{z?lrt?sit g%rﬂ Eieﬁ%c%&gt that instead of porcine

t endons, phdsinee glwodaminoglicansy sadieogiyeanssymeschogeaisn Preieias 2 gre@hmer ci al | y

avai l'abl e _from Pel - Ereez( r kag: ' S, y k) e The
concent rgsl'qt%rﬁ’ Ot(aqqffgpﬁ sﬁé&P[‘ﬁkégﬁ'ﬁ\g@ﬁ@ éia'l 5%%@% l?é@ﬁ \%%Js&z"ﬁé-'ﬂ%

m |1 gr amerasRssol paptiids harvdaile tieat Hoag deep @ngimcbidd fotexpress recapderssi on. It is
noted that the nethod and preparations f the l}E?}resent I nvention. may al so

be ubdd ﬁ%”ﬂ%ﬁqwsqcﬁ@élﬁrﬂf@"ﬁ ERRRMIAYICHRS. P FQQIVBEI"?C"Q . € subst ances
30 (such gf&Fﬁgﬁt g.fea)gkh lfééﬂ%]r’s,eﬁaﬁé?:rit)ﬁﬁﬁ a\gﬁr@,‘éﬁrﬁi-ﬁﬁﬁhﬂaﬁw%eﬁtb\@uﬁﬂ_a%e| |'s (such

f
as but n to chondrocytes) whi may have a therapeutjc effect
such as, pmteinaphom®nts, peptides 2Goieus\difesi4eeegipiion 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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PCT/1L02/00997 limted to inducing bone formation, fibrosisl7pri@006| age
formation or the formation of other tissue types. In accordance with other
enbodi nents of the present invention, the injectable cross-linked collagen

pr epar atvl, 04y6%§d for treating intervertebral 5 dis nodi fied. For
exanpl e, ‘?E@ injectabl e cross-linked collagen prepara |Tgi%}s{2’@g%7 I ncl ude
addi tional substances, living cells, drugs, therapeutic materials or

conmpoundg.igt & iGeRetd ol ides, | 1 vi
el T 5 et B B e B et vol | Agen
pL epgr at compaindshand genstici consiiugts.i ans oay alsmingludg|the vedters '@SF‘&% 10
chondrocytes, verte : ~vert r '

vertebra%é p]rc?rggtmg;l %?@["@'aa%kgﬁnggﬂﬁﬁmg%gﬁh%e&be %Ctgln?gﬁi‘? %ﬂoa\%gbgér;léi neered to
secr et e {dl br KonRir@tvecss kgdwreipdhaiartogl i cans, prot eogl ycans, nor phogeni c

proteins, gromh factors; transcription factors nt.i-int or

such Sas pr ot ehgsitionagy HRaEsY ar}?@ﬁtqﬁgdgg?pob'ﬁ%éﬂm@ ﬁ?&tb%g\?@a een e%g?gggﬁ Zd
Lo eXPr =i i@ choskinked %llﬁ{éﬂﬂ BfepBitian ast tAeGheirien rghy drckaig, nogl i cans,
pr ot eogl ycans, norphogenic proteins, growmh factors, tran criéation

factors, ﬁaﬁal naficusnpIoteiys, Aiepepteine hMyeoPratelie MCOPANSRREAREICS Y e pt i des,
various erent .t SCri-RLI : S 4t a
combi nat g%ﬁoﬁ?ﬂm?%yé%gvsgmhggcbﬁﬁQte)gﬁ@g%cfte% lcé“(f ngu I!s"?gr#ggéteéﬁmoﬁﬁﬁ? hgyabove
_destcL| b_ed__sluﬁfteglt Qe@tarﬁosmlal fer denhatzancedfate;  bep@tundepardine sUalE be i ncl uded
in e injectable cross-linked col]agen.preparati ' i
i ncl de, hyaluonan PEICOZYLANS: Ak @Scbﬁggﬁﬁﬁsn ar'@éta%ﬂ%‘%?&@%—'#%ﬁ?g%? o??y
conpoundgesd ?fﬁ@g n, frHeSduEr el Sxggfatahh shaddcans, pett-gli/cm,
gl ycosam nogl i cans, proteoglycans, norphogeni c proteins, ti-inflammtory
?ge[\ts su«aﬂstﬁas, gardroglyean andsarshed, fibmneptins fig flfééﬂo"%ﬁai’%@gew}s‘anscri ption
actors. er_s onpounds whi ch may be i ncl ud '

IRg AR B AREE e G Sgen ! the invention may

i nj ect abf'kéu _ ( agen preparation of the invention nmay include,
inter alia, aadditisiatbabstanchs sanl commmnds héithi rdey be ialsonngieetindbed,

oo e enanlion, superatood.o” U Horerd iion SR 145 M loBRE P 00e% o
til U-gi Qg%?ééﬂ%ﬁ%rﬁe&rvaﬁ&&é Hireicat bhzynis PABREE, @hd aotibuzliesot | ’d_es_, a plasnid
A, , Or any other substance or conpgund cantai ning nucleic
aci ds or chenThealddging of fthe dvatiaus eflifersnt 1spbaianres, oBgERPeUtc 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
collagen 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 invention, the substances,
therapeutic agents, compounds or cells may be added to or mixed with a
suspension of the cross-linked collagen matrix 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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WO 03/ 049669 PCT/1L02/00997 acids, or various conbination dff Agrdt08@s of

t he above di scl osed substances, conpounds and genetic constructs, and nmay
al so include the vectors required for pronoting cellular uptake and
transcription, such as but not limted to various viral or non-viral

vect or s WaeWH%6h the art. 5 Additionally, other substBEE82@P7conpounds
which may be included in the injectable cross-Ilinked collagen preparation
of the invention may include, inter aléa, various, prot inst%gk%coproteins,

mucopr ot efgifonahsebpiangenas iFoieres  herginabe) i QRN IOMOIE [ ut not

limted §Q. %BWhoc%]JnichﬁétéHbﬁﬁnﬁk chondroitin 6-sulfate, keratan sulfate,
dermat an sultate, heparin, heparan sulfate, 10 hyal uronan, proteoglycans

such as the | tidvantagés iofitusingt injactable cossdigkoe Hedadele BBIPAFREOBS gl ycan,
fibromodulin, lumcan, a N, .S C . - Vel si,gan,

cent r ogl %eanéeé’ﬁﬁamsgﬁbﬁ? yrce?‘%?aei‘\%lgbro nﬁ@?sl%ng(,%?sf @‘Fﬂ{?% ?%%@cﬁgngglggheri ns,

fi bU|bf§ nsibio@'égrafdlhﬁ@rﬁd 'dlm’ysmntﬁim&cunﬁdlg:dollagmiolyekiutmtamees isa::mchdtrgmmnds whi ch
may be also included’in the 15 collagen prepafatjons .o sent

i nventi ofharalp nedive icaliagena) If @,fﬁséﬁ??fs Selef taridhe &ﬁj%%t?as‘gﬁh%%s di fferent
enzyme | QI QLS colgitggg%?%}ﬁé?ﬁﬁhreﬁnaf be 1addifreatealbyt Siehvssdeyradation f er ent

subst ances, therape agents, conmpounds or cells to the cross-Iinked
col | agen while stilt being highlyybibeorapaiibiesed using different methods. In

accordance W o 0e s SIBRITENahe LAHRRRAL 1RR:d BY RS bRss EmOr Tore o

t he substance I'Scl osed™herei nabove may be added to the
col | agen niaisRenshon nudtris friidueingrridior promofing ihejferation oftartitege tol | agen and

-) Rib | xt into the ethanol. ln thi i T i
DU el o e 3t o b LR 2o Tk

therapeutic aget o0kl GRaiTBYhiRE HXTBiBosaPBREs OlinkeRl uetagerediseil t furn the 25
resulting cross-1inked collagen based matri x. |In accordance w th anot her

enbodi nemtenertebral i disentspain, wahedeiiMsst &W@bs@urifiﬁﬁePaﬂEﬁt Rl ARERPE, conpounds
O 2gen ANPGRS RGP B DIER JOBTU B ) 80 b e mes 11,
to the inbggi ablestabifzastioni metibds36F thel peegent veptiomatindbding e rate added by
hj cot abllETBHEp isETIBRe] BFeparEPIEKELro ROER GLRPERNCT SRV B35
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-linked
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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WO 03/ 049669 PCT/1L02/ 00997 additional substances as di scl d§eriigfes nabove)
“in order to avoid contact of Ilive cells with concentrated ethanol. The
advant ages of using injectable cross-linked collagen preparations are

sever al GJ{&% %I stance of ribose cross-Iinked coll a%}/ﬂ&m@'iv' vo 5
blodegra on by naturally occurring collagenolytic enzynes,” is nmuch

hi gher than in native collagen. It is therefore expected that the discs

i nj ect ed r k&%b@béﬁ&%rﬁﬂoﬁ@ﬁﬂ@ bSNproRyatlon aess af f ect ed
by . such %ﬁ%%g e?l Eésv\ﬁ#e still being highly bi o?:orrpatl bl e. Anot her

advant agEsue fmrhrwztlonl’w stisabbla geadlificefierssof tha ketpasn M'W%P%Boﬁ"ﬁ‘q{ked) 10 may
serve as a mc{dltg)g];w #ﬂﬂgﬁl%gpg I8rtophgg%lxﬂ?%%h:ﬁ JRouRt digdreff cartil age

or fibroca I'sc 'S 'S suppor e results of
EXPERI MEgHlladen kypdss soch @d tidtatot vitnited tbheoilagbnstwp&sr bslls ahd hkedr 83@¥ | agen used
for intervertebral S i.ved from i.fi.ed bovine and

por cidne ©ff ?’éﬁﬂﬁ?@ﬁm f@?ﬂfégbgg &E%oggq{@ge? B%\gnﬁwlf”hg&rﬁ agen may be used in

the disc 15 rep@etm t@ﬁ@tﬂolﬂé%d%ﬁ&éﬂ?ﬁ%f%e pheent msaitionimanent i on,
i ncl udi ng but not Im to cross-linked and non-cr OSﬁﬁﬂl i nked col | agen

pr epar at maks usbtafi orethay rlmfudwtfﬁ&@eotlé?hleﬁﬁlﬁﬁléﬂlé peduged cofRIeRdVRSS human
col | agenwwﬁ %z%trﬁ%rbﬁgg%ﬁ%wg&éegﬁg@smohH‘IQEeeﬂjk‘é@/h I@Q? rcﬂ(a%ﬁé gelions derived

fromrec her es of genetically
engi neer gthyogensuidally redditied ba,laemmSZGs [stknwvnftnrtlnmerﬁ not ed that although the

b | i nked I di
epeltr duc t MoREvErEHe 5T 1P RPETRRLG diosiion 3Gt rCihdp T n S L,

it may apReRe Hﬁéﬂléﬂll.%eHOFOHSIﬁrd]@igcﬂrlﬁ}éﬁtid)m r&@ﬂectal@lblamenmmp@f ations in
t he same manner discl osed, though they nma ?aed faster. 25

Addi t i onecbystititedniiyillaaislopsptide P@'@'ﬂ?s@ou?ﬁﬁﬂcﬁﬁ%s W BP0 8% 1 nked
0 he S RAORT WO ARSI Bl St orpieg o oo

of the nmay enabl e better™ control
degr adat jrRfmmgiRinsdigdosf th@pm}senmnmtlandnay lso be lppdomagd oy uwmmh@m

DD L o b B ogmbtes Faer PSS el e grtfe 11 ve e <
Pl cPa oL, RO b | At s B Bcianls prepciatris compfiing cxarple (he
2006 suspension of pgartlcles of cross-linked %yaiuromc acid or hya uror?l acid AP
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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WD 03/ 049669 PCT/ | L02/ 00997 different coll agen types may erddAmwili20é er
control of the cell proliferation and tissue formation by suitable
nodi fications of the collagen m xture conposition. Additionally, it may be

p033| bI m xtures of various different colla such as but
e Fp

not coll agen types. I, Il and I X, or any ui tabl e
m'xture of any other types of collagen known in the art. Furthernore, the

et hods and pt‘?&%ﬁﬁ%@%u& e 1BHRSBP WalRYeMdr riBled ARkeertedealof or nmay

i nclude, res ClalTy produced colTagen types Ich are
nanufactdmad by genetlcally nDdlfled eukaryotic or prokaryotlc cells - or by
genetlcally difi ni s ver, while
in the experl %PQ&ﬁlg@?%@ 5H§ﬂ“$§%£§ @g? Pﬁw%ﬂﬁﬁgﬁﬂ@%é? pre erred

mat eri al psgeslsd e tlidcRinddanaded, MemaiedrbrlftssunqdanteakﬁrEbsajsimamIons of
reconstituted fibrillar atel opept

i nked th
ri bose agccifargeowith anptadst argfel nﬁ@}%ﬁﬂ%éﬂ e?ﬁﬁ"%ﬁ? E'g%%ﬂfég??ngwof
non- her “5 La%@n H%@H% %@t%éﬁéucgﬁy B dREasRY tHeﬂM@Nér@Brﬂ%oaéfm be

per forme usi ng ferent 1 njectable preparations. For exanple,
sui t abl esungjlcmhtabdnai pf pprchtheometeriphpf th@cmlu?é%lsb%l-tlp%ué %X the gntied t o,

i nj ectabl e .preparati ONs,COo | i
cross-1i HH@E W&[ﬁ?ﬁﬁn he? F%ﬁc.l:\lsal %35 ur@#%@ggﬁh[gﬁug Q@E&I l\5/‘4en§)?r(l)1r%hyal uronic
aci d sal {gingrargeisgiesirmstadd tknewafin dhe art for resseval pkpart of or te eh@eeof , or

hyal uronan and derivatives thereof, as is known in the art. 20 Such
mat el al HUelRBS BURPFYS materials nmay have water retaining properties, as

wel | as ot her | Blal | EomBisda0na! BF GRBIEC pRsceBe Edmpasingndtyr heol ogi cal
properties WhI-CHIL g%gswgb | e l?’Irflsthe pr esent rrepﬁods forp treating

i nt erver tellta@noushrsatsnalSucE’mefmbér i thescallagerous inaplanta e iMBIRSISHHRYt her ef or e

be advant ageausl used f e \Y; r t hods of
t he pres&ﬂ PRS 'ﬁi’qsgn Crofgq'%%@e?(dél%% &I'énje[gc abgjff% Iﬁlggrﬂdﬁé %’dihéi'gﬁd gel may
be used t&distaaéd int ¥igs Uit ctharmppdsatf oasuag(anmematwammawa@oem usedd " SAFETY

DATA OF | NJECTABLE NCNANl L STABI LI ZED HY. RCN C ?ﬁw EﬁhOF SOFT
Tl SSlE Abexelagenoes implapis)HppE g $HACeNR? et r onemus

59()3/’0 4966 ERRkd %éﬁerté&%? digh: 3RE OmAPlaido %nﬁe 17he”MoithatR0 60O

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
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PCT/ 1 LO2/ 00997 Cross-|inked col | agen inplants for damaged o7 Apnli0fé ed
intervertebral discs It is noted that the advantages of the bioconpatible
collagen material may also be utilized in danaged, herniated or fissured
i nterver, iscs. In 5 accordance with another p enbodi ment of
t he pres%@?ﬁ@r’lﬁ\?gnt ion, a collagen based inplant is su#(glifﬂg‘%ﬂﬁgwi nt r oduced
into the intervertebral disc after surgical renoval of part of the

mat er i alingf %H’t’i?er’]tgz(ﬁ] eﬂPﬁurEPéé%‘?%%%lo%s BlethdtPamd bbp&ratRUG) @slivering posus. The

renmoval of "the eus’ pul'posus may be perfornmed using any surgi cal nethod
known i nrenmwvingr tnaftenial reoroviile ifterjsar of en ipferyariebesit dipe  Wos-nbieteBLs pul posus.

o ! o e |
mer | ol 624808 oY RRoBlE Sl REE B RTH i8] Bty forcal ToEnoL
ribose cp@pssds, Micbses!d agingl slwteusimiplant sngm from dibousigredidxeiage! r esi st ance

in vivo, but other types of collagenqus nmgterial s may al so be used. 15 The
col | &genpastia aisl mathosts fordip ‘af('f‘?d‘%?gg% Ran ?’H’?ﬁ&?@@s%{or stabilization of

the damaged it eLyEiiERIHs.IRkEE RNSGLRINALHS ¢ MEDprestiteintentiont | on of
fibrocartilage trssue in situ which may further contribute t(% the long term
bi 0- nmecimayibedhtredumed intoahe dnteoeriebial disedn adingpspartialy ydralgd 115 + oduct i on

of the d cql | .agen baseq, i Ofi. i 4@ ' er

previ ous{’% %@Ewﬂi '@8‘3@9”91 ﬂgé %éﬁ@ﬁ% c{ﬂ%lépgo%gug{? (i?ﬁdt?{sél tor?g%tngorcPﬁ'?‘grvertebr al
di sc, thgetiadsi drdevidessinomnpiantic yrt foetthe irttddontionmnk irdéryvertehial dishape of t he
i mpl ant s may be adapted such that after dehydration and swelling they fill
nmostilof tM¥adpace inside the treated disc after the surgical rempval of

t he nucl eus } r Qibgéh FREEANHRMNtS URRPHe addptetiat hagati on of the
25 inter vertgwreg?&%sﬁgﬂ%ﬁape g%“r}t ributing to v@?t‘ebr al colu tabilization
and pr evaidusreapes @fter theetehpdiation insvage In-sitieswelinthe FPEEXAM g|t§e smal | size
of the dry swellable coll L Nl I@f s lilbvel 4 Migcit may be
possi bl e'r%/QJar}ﬁﬁc't) rrg%ilg\r? ﬁe&?%rgﬁﬁgf}? r?tr?ﬂ&ﬂdgﬁértﬁd t%esdjlfl_aﬁt erveriebral disc

t hrough gnsiaml whiek Rkmgvsirtte ae| sychnadieutinot liméie@ @, dhaimplentshapesus. Such
met hods for accessing the i the intervertebral disc for renoval

>as
and/ br i.HESPGQ%PY§@Yo&u-§apé%“§éégrﬁtﬁggknovm inthe art. For exanple, U.S.
Pat ent 6, 099, fld.h0s-BhaidkeNaghh A& HoRkich e Gigsvliabrf diseinggaris 17 Apri |

2006 _
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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WD 03/ 049669 PCT/|L02/00997 in its enti rety for all purposdd Agilsdfl6ses
met hod and apparatus for delivering or renoving material fromthe interior
of an inter vertebral disc. U S. Patent 6,264,695 to Stoy, incorporated

her ei n nce inits entirety for all purposes 1%3 es a spi nal
nucl eust{%{?r%ﬁg'n'{ﬁgrmde froma biomnetic xerogel 5 pl alé(fl C %{k’g&rret hods for

its introduction into an intervertebral disc. The swell able cross-Iinked

col | agen (P h I OdY i I myarackidceaetd. nto t he
"t or vor PRBRAS A3 B nkR SEISRRhe AT iyt i 1B B By e 2ol y
nodi f yi n@dtitienaliyt iodise dhse lobiegiablp iskadikg yribkose Sress-bkedtaofgeMmab hods or

devi ces knq th t .the i i - 1 tebral di 10
ol ant s saquEng Rokdedh ssh® b Bgb R hR M Aol hEREE L S8 6 Te have

- various shapeg Rither édvgntlaggyafrﬂtld @ﬁl!aigﬁdubasbd mnpiahtshs\?\ﬂhe imgserﬂf_o; gi(arrlpl e
th | ant h IS ke s e .or .any other, shape itable for
a d sénpii%gné;i% iwnﬁé&ﬁsggﬁhamﬁ?@déﬁ'@" B?O'%Eﬁ“’é& %\S’Pdrr?{i{’]teg’i &Y eq to, the
i mpl ant Ay %g—g@ﬁﬁ&ﬁ OF Bk {éWor&“&éﬁtés elcaily E@%&ﬂtinfihaﬁlﬁc@@ mayhe

cross-1linked co material 1 ncluded in“the swellable disc inplants may
be preparadowageiam dskdeifbrosstiagatfomatonossidesthe gispi andipclased] . | U. s.

Patent 4,971, 954 to Brodsk t |, e ' MRl cation nunber
VO 01/ 788i851309ve and &8 %%sﬁ'%g@éjy&g?g?ﬁ@sgﬁ%ﬁ%‘%ﬁ"}ﬂggﬁ%ns are incorporated
~herein 20 byjr gf aigtégethan whiti rthentietleddy drai @epamtionpodes . trépfiggi npl ant s of
t he present invention may include variou ifferent , co und nd/ or
subsi@ncé¥errteial e ik %&d@f)t‘f‘g}héﬁ’ nﬁ%%tulhi“%ns’ éBﬁp’g@ﬁolgo anr
therape“tc'tbﬁ@%&ﬁaﬁéyo@{lﬁér,%r W40 may@ i e ediniiarigebaivith heitabisabove f or

a I nke

the injectabl e cross- col l agen based preparations. 25 It is noted

t hat whi Ineodificationeltd &reat interyertetuall dist disensr INLEBQ! MAMANAISAPYeHte

I npl ants, .t he be Lncluded i nij'y rtd iAtged 1 npl ant s.
Nevert heloég%,‘%gﬁn@%t?sl'v':ﬂrgem@% @%be | Lstar gﬁ%‘@@&@%‘%d&){? E%ﬁé”npl gnt after
partial QreedeOMitRE endibicsaahaninfeytable ippeddratiprishdistlopédimbaynithus &esui t abl e
physi ol ogi cal solution or a |liquid nmedium cantaining livigf I,/ s of the
t ypeds di eppbekie dngspibRinets ar g@ﬁe%@rﬂﬁéi@meéﬁc%tﬁ i S'ieﬁjdg%(g‘%fje col | agen
pr epar at ir%b?énaﬁd“\/%. advant ages of the swellable collagen inplants are that

they are oconpatible, they may be inserted into the disc through a
rel ativel y smii¥Hile3#ie 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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17 April 2006 WO 03/049669 PCT/|1L02/ 00997 openi ng due to théi Apsl#06 vol une
inthe dry or in the partially hydrated state. Additionally, in the case
of inplants including ribose cross-1linked coIIagen an addi ti onal advant age
is the ngﬂ3gg&bstance to bi odegradation in vivo. Hﬁﬂ vantage of

t he col l'agen based inplants of the present 5 |nvent|on I'S ? ven

w thout the addition of isolated |iving chondrocytes, they nay |nduce

m gratiop of J&élfér&é‘ﬁngkfoﬁﬁﬁér% BO‘Félbhé!n QI eeBRindrant Ae Wt Gronblagy
encourage an i nduce’fibrocartilage formation_inside the gISC as discl osed

her ei nabbly Katalbiaris EddAB%&! Hﬁ*ﬁ@@ﬂi?fyt gl fre gupeTENQYtalEiERE 98Ghove. It is
not ed t hat the d and preparations for treating 10
|ntervery¥w#w$dﬁk sgﬁ?{q e adapted to treat humans, the nethod and

conposi t 6oNns Marmpslepay aIE ohclLaby R Afsoby eBA s(1E98Ar R?Ir@fcﬁm@ﬂﬁ Sii tabl e

" 6t nolcaraagst T i cIC AP D et A O e

certain gpg breeds. The nethods and injectable preparations disclosed may
thus be 15 applied to dogs or other pets or donestic or donesticated '
ani mal s, as disclosed hereinabove. Wile the invention has been descri bed
wWth respect to a limted nunber of enbodinents, it will be appreciated
that many variations, nodifications and other applications of the

i nventi on may be nmade which are within the scope and - 20 spirit of the
invention. References of interest 1. Chiba M MLain RF, Yerby SA et al.
(1996) Short segnent pedicle instrunentation - Bionmechanical analysis of
susppl enmental 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 systens. Spine 22; 370-375. 3. deizes V, Viguier E
Feron JM Canivet S, Lavaste F (1998) Effects of freezing on the

bi onechani cs of the intervertebral disc. Surgical Radiol ogic Anatony;
20:403-407. 30 4. Habtemariam A, Virri J, Gonblad M Holm S, Kaigle A
Karaharju E. (1998) Inflammtory cell in full-thickness anulus injury in
pi g. Spine 23: 524-29. 55 _
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17 April 2006 WO 03/049669 PCT/I1L02/ 00997 5. Kanerva A, Konifokgmi 2B06 Tol onen
J, Habtemariam A, Virri J, Gonblad M Karaharju E. (1997) Inflammatory
cell in experinental intervertebral disc injury. Spine; 22: 2711-15. 6.
Marmel stein LE, McLain RF, Yerby SA (1998) Reinforcement of 5

t hor acol unbar burst fracture with cal cium phosphate cenent. Spine; 23: 664-
670. 56 17 April 2006 CLAIMS 1. Use of collagen cross-linked with a
reduci ng sugar for the manufactureg|@fpg nmedi canent for restoring and/or
preserving at | east one mechanical ™ property of a vertebral columm or a
part thereof. 2. The use of collagen cross-linked wth a reduci ng sugar
accordi nd-to Ussyofotollagen gresselinkes withiansdugingrssioar $ai ihegngaufackirgy - )

Lo any of A REREndl ) (A5 "RRlire PREESY b 0, Rl Mo QARg 22T 20l o

nedi canemrogarty sheversbiaholtaiitens pattithereof. sai d col lagen in said

injectable nmnedicanment is in the range of 25-90 mlligranms per mlliliter,
preferably 35-55 mlligranms per mlliliter of said injectable di canment .
4 The u% of T8I u%&ﬁceﬁ%eﬁ CreRsalinkedt With & sefiging %ageéracaeeddrﬂ%ﬁ%g to any

of the pr I I i i i -f & r conprises a
phar nncel??l??z;lﬂlr{%pgéc%gp@a%}?gﬁﬁu@?%?lrgsré@ggﬁgﬁac(eiw(%égI y acceptabl e
injectable fluid. 5. The use of collagen cross-linked with a reducing sugar

accordi n@.t o Taeyusd of kellagerc etissginkedi with avneduding saigar @scoedteg 10 s

selected fromthe group. copsisti of hovjne atel opeptide col n,

ot o ne. eI OpdRt: eEBineaBAS! offhrBine s e RbAmBRENS 15 PRt o

speci es, risdreament 40 WherdinaBBonaBhtratict bPESD.collagen ik shidyinpiRgatieer ed or

nodi fied col | agen, types | coll agen, aél¥pe Il collagen, type I X collagen,
[

artifici anedicgyneaiisdt thereage of 2Rril adftianests Byr mikliter, i afargblycti-$9 ed
eukaryoti . " 1S et |y nodified organisns,
purified n@%’ﬁfaargéeﬁgghﬁlﬂlﬁ%ggﬁ%'Pﬁwg{étglg}[;eu%%pfégg?%gl | agen, particles of
fibrillar collagen, fibrillar reconstituted atel opeptide collagen, and
conbi nat idons The use of collagen cross-linked with a reducing sugar according to

any of the preceding claims wherein said medicament further comprises a
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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thereof. 6. The use of collagen cross-linked with a reduci g Augap06
according to any of the preceding clains, wherein said vertebral colum is
selected froma 57 17 April 2006 manmal i an’ vert ebr al colum, a hunman
vertebral colum and a canine vertebral colum. 7. The use of coll agen
cross-linked with a reducing sugar according to any of the preceding

claims WhelahfhisA JehSLP!dIMMANY HyRARSEENEBI CIRhASERd 3% cafiggt one of
ec?s t ?’I

the follow ng e - increasing € spaci ng bet ween e two vertebrae
f | anki ng vertebraicelunam.t ebral di sc of said vertebral colum, - at |east
partially restoring the flexional nechanical pr operti es of an

i nterver di sc ald vertebra east rtiall

st or gt nd neoues of o RBet ArF B wif A e et baRig 1M i sc of
sai d ver foelen rmbugblamQth@ﬁtsamafégt@id@/arﬁmbﬂbmg@rﬂgghbmpﬁri@aglaﬁg bet ween
the two vertebrae anking an intervertebral disc of said vertebral

col um, leagt on@a:sftth@aﬂkommg gffeetsnt ai ning after the injection of said
medi canent the flexional nechani cal propertles of an intervertebral disc

of said vertebr m& egsg'l'@arrentSp% Héepg{wé@.[ tt rr@ér{g hQI ﬂgnli’hfué egnthe

injection of sal or sl ona hani ca propertTes of an

i nt er ver irdbnertethral alisd ofsaid vesebr calumr ol unn, - inducing in vivo formation
of fibrocartilage in the internal space of said intervertebral di Sc or in
t he nucl eus pul vert ebr colum, -

t by al,
i nduci ng devel ﬁé%gt O?ﬂ'@ﬂ\élr‘g?t%h{\ggéhgfffeg%‘?’ﬁiIrﬁﬁ‘ﬁ?ﬁﬁ%ﬂl RroRgHies o &n

fibrocar jitbAgHaBHA didSeteaid F8HeRNesIuhir ous tissues in the internal space
of said intervertebral disc or in the nucleus pul posus of an

intervertebral disc of said vertebral colum. 58 17 April 2006 8. The use
of col | agen crodkleashpediallytastoringdhei tagsicns)aneaanied prgprediesaplyant the

pr ecedi n%tg#\%'rl%%rélm&ebpsaﬁ(ﬂ/grté&% %fu%’al so results in at |east

- 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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partial relief of back pain. 9. The use of collagen cross-|li7nked 2806 h a
reduci ng sugar according to any of the preceding clains wherein said

medi cament further includes one or nore ingredients selected from
non-cross-1inked col |l agen, hyaluronic acid, cross-Ilinked hyaluronic acid,
hyal uronan, a drug, a therapeutic agent, an anaesthetic agent, an

ant | - i nf lgAMTtTolY L g S ooll 8ot P SRARLIMGHT GRS roMiGh@AHUF HBordiRg ROGEN ©

proteins gl ycoproteins, nmitoproteins, nucopolysactharides,

pr ot ei ns anyreiwtite pestedirg) ctaimasehéngin said aestorisg alsmtrésulisf inaaigamty agent s,
pr ot ei ns, Etﬁ?tild?s‘f hor mones, genetic material for gene therapy, a nucleic
acid, a &R 5%“?? PBH*P?EH nucl eic acid, an oligonucleotide, ribonucleic
aci d, deoxyribonucleic acid, a chineric 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 pl asni @ DNAThg e%s @f golirgen giasstlinked wih-a/ ireGUCing SUERE aceegling &l f or

pronotin I r . SCLi:Rtj i

Chondr of £ - Prehf Foffe it ancsalin el HFARP RARELSAT0r ¢ an

sul f at e, mdrepmgredichispaelactesiufrbmt epnityyassHiokeh cobadei iyaiuronh aciat er sti ti al
prot eogl ycan, . .decorin, bhigl ag, fi bronodulin, |ymcan,, a%%r ecan,
syndecan§rossainkeq 5&%{0“*% .c ARV Ry 1dfeeEn @ PSS 298N%i P onect i n,
fibrogly er@g-heri , il i hr PORDL i i me, an
enzyne |%ﬁ?g|stflgﬁ@ an anti l?gily,angr{@%'gﬁ%t% nb?ggﬁ?ongg%ﬁbeﬁlgﬁgh 18. "The use
of col | agerteoglysand.i nkedrphiogeni r epioteing s giymopaateinsdi ngnucepreeinsof t he
precedi ng cl ai herej n sai d. nedi.cament further includes.on r__nore
Pypes. of McrPRYSaERTA el el HessBR. coromth rcter, dFRAN fadrea T educi ng
sugar acg@fidhfminatordBgePhts,! HiotdIhe CEED LS I NBE eghdticS MA@ dopanment
further includes one or nore types of living cells and wherein said living

cel | s ar @ese| &waragy.f romuleia7agigria cloasioady t adifiasl dnusirie oagidesan

i br obl aeta Ef il Dol FbaR M fRPaht Phiccii oo e EPNRNAL e ri x
pr ot ei ns co@styeds aINAQY RRANSTObBES CARIPEENSATNA NRTPSSIRIRNADI0§endSa  growt h

factors, transcription factors, anti-inflamuatory agents, proteins,
hor mones Pafepf ial@enearr copmasiian daudingr aaturaly, or Tardfigially dirodeeedigen

cross- i gligshaiddticRs! GOMELMA% BRER" 2 268RTG DAL Giral 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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any of the preceding clains wherein said nedi cament furtherl? AptilZ988 one or
nore types of living cells engineered to express receptors to one or nore ;
nol ecul es selected fromthe group consisting of proteins, peptides, |
hor nones, gl ycosam nogli cans, proteoglycans, norphogenic proteins, growh
factors, transcription factors, anti-inflanmatory agents, gl ycoproteins,

mucopr ot 8jiebrat@NehdMFOPREY S 36/BETAE &%embells, 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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