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| NTERVERTEBRAL DI SC TREATMENT FI ELD OF THE | NVENTI ON The present invention
rel at es gepaesaldey t o net hods, devices, and 5 preparati on®CTarLozoest i ng
intervertebral disc pathologies, and nore specifically to preparations and
i npl ants including collagen, and cross-1linked collagen and nethods and
devices for their introduction into manmalian intervertebral discs.
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nucl eus pulposus are referred to as the transitional zone and include
fibrocartilagi nous material. The 25 coll agen bundles in the | am nae of the
annul us fibrosus pass obli quell'e/ bet ween acent vertebral bodi es, and
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two inmportant, miervertebral discs are composed of two major anatomic 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 transitional 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 gelatinous mass containing cartilage



somewhat conflicting roles. They maintain spinal colum stability while 5
providing the colum with necessary flexibility. Wthout intervertebral

di scs, thwodumreeospine is unable to bend and its functi orPdTILgY/eEPT Yy

i mpai red. Nunerous nerves cross outside the spinal colum through openings
between the vertebrae, as well as directly down the spinal cord. Therefore,
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Nevertheless, the discs are vulnerable 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’ resilience 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 to contain the nucleus pulposus
decreases. In 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 intervertebral disc
30  pathologies.
In herniated discs, part or all of the soft gelatinous material comprising

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



conpression. The discs nost comonly affected in intervertebral disc

di sease (IVD) or 5 disc herniation (disc rupture) are those in spinal
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intervertebral disc.
The term degeneration of the intervertebral discimay imply an inevitable
20  progression that is characteristic of wear-and-tear-associated conditions.
Modern research on human tissue has, however, shown that this is not the
case. The disruption of the micro-anatomy that is described as degeneration is
an 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
arrays 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 current understanding of the biology of connective tissues, 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



Mol ecul ar Medi ci ne, 29 March 2001) The conposition of coll agenous tissues
changes naturally with an individual's age. (Erdal COSKUN, Tuncer
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PCT/1L02/ Oggﬁﬁmred with chondrocytes from age and sex-matched controls. Normal
discal chondrocytes are characterised by the expression of type Il collagen and
proteoglycans (Chelberg, M.K. et al. "ldentification of heterogeneous cell
20  populations in normal human intervertebral disc.", J. Anat. 186, 43-53,1995). 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. et al. "Immunohistochemical study of matrix metalloproteinase-3
and tissue inhibitor of metalloproteinase-1 human intervertebral discs”, Spine

25 21, 1-8, 1996).

Although the normal adult IVD is avascular and aneural, nerves and
blood vessels grow into diseased IVDs (Yasuma, T., Arai, K. and Yamauchi, 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 IVDs. Expression of the potent angiogenic factor
vascular endothelial growth factor (VEGF) (Tolonen, J. et al., "Platelet-derived



grow h factor and vascul ar endothelial growh factor expression in disc
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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 into the space vacated by the degenerative
disc. For example, in posterior lumbar interbody fusion (PLIF), two adjacent
vertebral bodies are fused together by removing the affected disc and inserting
an implant that would allow for bone to grow between the two vertebral bodies to
bridge the gap left by the disc removal. A small amount of bone is grafted from
25  other portions of the body, such as the hip, and packed into the implants. This
allows the bone to grow through and around the implant, fusing the vertebral

bodies and alleviating the pain.
One of the negative aspects of spinal fusion is that there is no movement
between the two fused vertebra. The adjacent segments are extra-loaded when

30  the spinal column bends. The result is that adjacent discs will degenerate

faster.



Artificial discs have al so been used. The artificial disc is designed to
replace the entire disc with or without |eaving some of the annulus. Most
artifici awaisgassdlesi gns require renoval of the endpl at es PTULD2/OEDT on of
the superior and inferior surfaces of the inplant to the vertebral bodies.
The main benefit of replacing the 5 entire disc is that the disc is
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fixation wmth screws through a side wing extending fromthe plate. Another
20 optlidon dsgereradipNace sol ely the nucl eus. The prosthetic disc nucl eus
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posterior inCision. A portion of the lamna is renoved to expose the
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. Another
20  option is to replace solely the nucleus. The prosthetic disc nucleus (PDN), for
example, replaces the nucleus with two mini “pillows”.
US patent 5,108,438 discloses a prosthetic intervertebral 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 nerve roots. The most common laminectomy is lumbar laminectomy,
which is performed 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
operation the surgeon typically reaches the lumbar spine through a small

midline posterior incision. A portion of the lamina is removed to expose the



WO 03/ 049669 PCT/1L02/ 00997 conpressed nerve root(s). According to the
pat hol ogy, the lam nectony is perforned on one side or bilaterally.
Pressure WO ©3add@ved by renoval of the source of conpressHH@MLOAGI9AS part
of the herniated disc, a disc fragnent, a tunor, or a bone spur. 5
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cord. The problemis howto stabilize the.l.amna,in this new. Sitiap.
Sever d0 t epsequEas Ak qltesqrelisve| sympioms %ﬁgﬂyz?t‘h?%.ls &@'Qﬁb%%&eme of
stabilizin ' | : fihaf h hupetauddreff or m
of a rectg%%ﬁ@g@?@'@?"@%%:@%@Vﬁggetaléﬁ tihﬁ %ﬁ%@%li Sqrndﬂtl%m’t ry and hol d

t he | ani nathenredbiltirigsspiral, instmbdityp bamstegiemy @ well asdamineipmy repy érelide but

because it is not a firm arrangenent, it n lead to sone slippage and
recurrent ABRIMSRMIAY O5R SAFCCIPRIR mer&&#{yp?nﬁﬁeé@ﬁgg[&}ﬁ,M ves making a

separate wound g L;B'ﬁteﬁf €6.285 ddwe dibdibses agdposiiongapphsaed Wmidectdnpt her
techni que uses a surgical 1nplant device. In percutaneus |aser disc

deconmises s procedBED)r, placingisnprostisis withinrtberinsadispalspage hetwerBagiagedd di sc
at a forty-fivg degree angl e, using Novocain for |ocal anesthesia and
X-ray gui d¥Ad€P™@8n optical fiber is then inserted into the needle and

| aser beamis. pHEmMNBHRLHNtHBatk BEthe ¥@iReris xPosed tubingtead obthebohpe
dtse structures being removed as done in laminectomy and laminotomy, they are
being weakened and bent outwards thus opening the canal and providing more
20  room for the spinal cord. The problem is how to stabilize the lamina in this new
position.
Several techniques are used for lamina stabilization. One way of
stabilizing the lamina is to take a bone graft from the lllium 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 /llium 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 herniated 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



7 WO 03/049669 PCT/1L02/00997 nucleus. This creates a partial vacuum

whi ch draws the herniation away from the nerve root, thereby relieving

pai n. I n Wo®/m@rea of needl e placenent there are no vitalPGEVHOZ009PES t hat
are dangerous to the vertebral columm, as exiting nerves or blood vessels.
PLDD is different fromopen |unbar disc surgery because 5 there is _no
damage to nhalebsckhisusrehtes acpaﬁtbaieva@tmawh@hcﬁ/rﬁw thegeersiation awey oo,
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I b dwth a | . 20 Elect i cal ine . LS.
Al ter i vESAE LSO of P apieSUoh 88 il KU Bt riahole Rt
.U : Wi ' ither ni d di i t hi
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a patient's’spine b Icient high frequency electrical energy
t hrough one or umfertsnatehblasess act botheexpendieeadd somawhadjedioysie gigednt he

| f the disc, th | i evi i ) ve.. Th
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I njectable material. . , :
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 energy. U.S patent No. 6,283,961 discloses
herniated 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 implant or an injectable material.

Currently used injectable spacers are allograft-based.



Currently used injectable spacers are allograft-based. 8 WO 03/ 049669
PCT/1L02/ 00997 U.S patent No. 6,283,966 discloses instrunents and net hods
for positwenisngd@ospi nal inplant within an intervertebral RITBELIZMRCE
between adjacent vertebrae. U.S patent No. 6,258,125 discloses a nethod

for regaining intervertebral 5 space using an intervertebral allograft
spacer. U.S patdrfd patens, Neo0, 6283966 | disgdeses nisstivments anrdamethags for
i ntervertebra
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i ntervertefsabpdbscs cells. Deficiency of nucleus pul posus caused by
degenerative changes or by 10 surgical procedures of spine deconpression

may create secoHc&rpthifdtl‘é@l@QéBﬂ(ﬂ’i displosge aamethadipidegaiing igtervamiebialicl eus
pul posys is sited wthi s of which are nade of the
annul u fuﬁP%%ES'Hﬂ&‘W'ngW%’?%nrg Ogﬁ%ﬂ%ggggirhe material, of which the

nucl eus pul posug $ pat@sieNo. 6240ig2B dn@&lb@@mtm@mmfbr\ragamirgmeerrdenelwaal 15
proliferation within that chamber. Defi ci ency. of nucleus pul posus pateri al

enhances f spaeusingohykichmatanalsi ¢orsposad ok %@dﬁgﬁiﬂ%b@ sYniwetigrmatersn, and
hacr o- movenell 85 bbadle dadtidt pdiing! Ridin SRRTEL AR RicRErebEd AREs eplieVCCE BY

mechani cal st abDefigiehicprofdueiéws phrpdskns r@wbdtbmdea@nemtuuemmgebmmwl eus
pul posus may result in gross-pnovenments of the annul us (Pré(;)rosu

event U4l | ySU@lctaﬁ@rQ@ﬂB!r%@éﬁPme qCoRIRIes$ioN MY, Freate §ee fq@ratlon
fibrosus. FI% ({Pg %dh?&er vertebral space creates non-anatom cal

| oads of &Rt ehTalY Face joints and nay eventually lead to
osteo-arthriti cThbemgﬁeus pulridSOSGSJSIiedthihllfa shisivibiey, {hie Wallls oRvENOH @ Ther e

e O kB o0 el HBREh TP réliobE o RS
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with d5  proliferation within that chamber Deficiency of nucleus pulposus material
enhances freedom from that inhibition which may result in inflammation, and
vascular and neural proliferation. This reaction may be further enhanced by
macro-movements of the walls of the empty chamber.
Additionally, Lack of mechanical stabilization due to shrinking of the
20  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.
25
SUMMARY OF THE INVENTION
There is therefore provided , in accordance with an embodiment of the
present invention, a method for treating a mammal with degenerative disc
disease. the method includes injecting into at least one intervertebral disc of the
30  mammal a volume of an injectable fluid including collagen cross-linked with a

reducing sugar.



reduci ng sugar. 9 WO 03/049669 PCT/|1L02/00997 There is further provided,
in accordance with an embodi ment of the present invention, a nethod for
treating womsmasdeowi t h degenerative disc disease. The nethudiLoneldetes
pressure injecting into at |east one intervertebral disc of the mammal a
volume of an injectable fluid including collagen cross 5 linked with a

reduci ng sugar to reach a, sel ected pr I | .wi thi . di
is further proviTgﬁEﬁ 1$ nfuétéégrﬁgwg@d\?\n'r“%?%?%?ﬂ?égWﬁgn%nl)grrﬁjﬁgmq%&gggrgg-gere
i nvention, ;a5 NAdeQfor, Nar ARed g8t 'tbéaitiﬂi[geét inaehrAal WHhd degBih@vativegdist 0ss-

| i nked coIPagen into a mammal 1an intervertebral disc. The nethod incl udes

i nj ecting tligma{semTUeimemouﬁeciunleermasswpainj@cﬂng irie alileastuenaiptenvertigpedt i on
pressure 0 sufficient to eleyvate the intra;di scal.
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intervertebra I'sc for i'nducing fibrocartilage formation in vivo_ The
prepar ati on may Thecé udefuather i prowiciedblie dgagrdanresnaiinPRgepwodineerls ohithe

col | agen cross-1linked. with ' . e i i
in acco_rdarﬁ’é%s‘?ﬂtlt"_ﬁve 'O\gn@o@%ﬁtrﬁe{f8@#%?%&&5%!2%?&%%?{4@S{DH%W@? SR :‘llo(erd’
i ncreasi ng jihked h@jligBenOint® Pahbeiballavimenertebydr didynaitiec nedtsed dpsliudest i on

in at least one intéervertebral disc. The nethod includes jnjecting into at
| east one dhjectingf thenBuiddintaethe itemial FRacs ohing AiSE S @HZOJGP{‘% (ﬂ’r?gfé‘lrﬁdi ng

col l agen cross-1inked w - Leduci %g?gg | gt ance

bet vvegﬁ) t h&éY {%em;g?teg%ﬁét&é?{lﬁ&élgb@gwé e ité%. éé}%@?gsﬁgé%{lﬁretl ee:]' provi ded,
: Ecsggg{ﬁanfﬁ wﬂm@rﬁpsefm@@f rniﬁ'@t/idé‘dhtih%cqwreamu witv ent eotbodimert lebdheor

_ g e height of a patient having.a hydrodynam. c disc¢ dysf ti
in at !eastprewtiIﬁygmw,t@bﬂ@ﬁctﬁbé%mqn?égﬂ%@ 18 '%&Y%!rﬁia@ Bﬁ%@éﬁrﬁe@% o
I njecting iato. at . ' : L i

col | agen crdgsscsf-oﬁrﬁé("@%%/\ﬂf'?%%&%é@%??ﬁrﬁgaﬂéﬁggsﬁ\{cgﬁ-rh'eegéztﬁﬁgaésﬁeoﬁe@?gé intra-
di scal pr esgjut@blevRiid védritainingheartigles: oé dealiage syrosFiaked | with u tredrcing
provided, in accordance w th an enbodi ment of the present invention, a
met hodl ¥ or SU8Rl-evi ng back pain resulting from degenerative no

There is further provided, in accordance with an embodiment of the

wbludéghudi ng

present invention, a method for increasing the height of a patient having a
hydrodynamic disc dysfunction in at least one intervertebral disc. The method
includes injecting into at least one disc of the patient a volume of an injectable
20  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 of the
present invention, a method for increasing the height of a patient having a
hydrodynamic disc dysfunction in at least one intervertebral disc. The method
25  includes 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 of the
present invention, a method for relieving back pain resulting from degenerative
30 disc disease in a patient. The method includes injecting into at least one

intervertebral disc of the patient a volume of an injectable preparation including

10



disc disease in a patient. The method includes injecting into at |east one
intervertebral disc of the patient a volune of an injectable preparation

i ncl udi ngWOLG/ME603/ 049669 PCT/ 1 L02/ 00997 a bi oconpati bl e HiTadoz/el9he
material to increase the distance between the two vertebrae attached to
the disc(s). There is further provided, in accordance with an enbodi nent of
the preseatbibcorapttiiols, biadmethtdndteriabto Ineasaseptira disitanyce betvegamiheotwo
preserving at | east e chani.cal property of at |east one degenerative
disc in a Mﬁ'ft‘?lé"ﬁ‘?.a“ﬁ?geagf’ﬁ @ di5¢Fludes injecting into at |east one

intervertebral qhgp o fhﬁﬁepgirb\ﬂaéd,ain RlcdfdarRe ithi BhesinpbUpneitepRtAs i on
i ncl udi ng a bioconpati ble biodurable material to increase the distance

bet ween t hprassnt rerendibnaa raethedhier af deasteaatiallyl restaringner pieserving atigast i s

further. provided,, in accordance.w th an enbhodi . of e_ pr

i nvent ion, ann@?ﬁB%P'F% PG yiﬂgaél?r%%n%rl]e epﬁ“%ﬁ%'g%e?%? i'vegaqeag%m‘d-lrg%ase.
The met hod [iRbYHEEUBES SHEERNG MtBCAtl R8st Bhe ifferiértsirapaisd of ey patient al
disc of the nmanmal a vol une of an injectable preparation includlng callagen

to reach sokeiecefed@npririesiable | prepRratianhiincludingdias biegompafivie eplodiisaliey t her
dod. | g dei ! . o
Pethod. or MAiAGR Rgnate s 0P GREERRHAREh (it M erRlFa ditachidib B at®

pul posus, @astieweldgyrent of cartilagi nous tissue or fibrocartilagi nous

ti ssue or dense fibrous tissues in a degenerative mammalian |nt erv?r ebr al
di sc. 10The net hdherads diseber mrevidedg in rAGEOMYRNGE ¥éthaan ﬁl@@é}fﬁ%’f or the

preparation,.i 1,0g: ..20_cC I =i pk 1 1i9H 9815
R EF DESCRI TR peliR REE Toh DG, &) Fiamitbl uit! SEHENORBEtane ey
Iof kexarrpl e digdlage. %égnéﬂffoelr inoleles ippesdieednjectinguntora Idastwome iteivertebialh
i ke conponents are designated by lLike 25 reference nunerals, erei.n:
Figs. 1A- 10ise@f theonamnealoy vapmae P@ﬁpéﬁlﬂ???m% pr’i‘?%@@ﬁeﬂi'aapgg‘gc?%ﬁ?n P aken
frompig i VEr i i i Q@Ez | MENT 1, including control
di scs, shaﬁé%%%?e#%&%é g%s%gﬁ%%&vgﬁﬁirgct ed With ribose cross-Iinked
col l agen, in adhereldscrriher hpravidedbadnli aenordaricet Méthmanheddogiment oprtbgent
i nvention; 11 , . . . . .
présent invention, a method for inducing at least a partial regeneration of the
nucleus pulposus, or development of cartilaginous tissue or fibrocartilaginous
tissue or dense fibrous tissues in a degenerative mammalian intervertebral disc.
The method includes injecting into the disc an injectable preparation including

20  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 cbmponents are designated by like

25 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 collagen,

in accordance with an embodiment of the methods of the present invention;

11



WO 03/ 049669 PCT/I1L02/00997 Figs. 2A-2D are photom crographs illustrating
the formation of cartilage tissue between particles of cross-Ilinked

col | agen wg ®aus@9i nto the superficial part of rabbit earP@amnt/bege; Fig.
3 is a schematic part cross-sectional diagramillustrating a system 5 used
for intra-discal injecting of ribose cross-|linked collagen and for

moni toring theFigsr @A-RBearef phohomlewmphsaﬂbllstrﬁtén@ﬂb%s‘gﬁ”ea’mn oheartipaRt or

outlet and.in the intra.disc a t t of
the presenfiSTURRFINESR. PRTiGES 03&“2(% @W%%%%@Sﬁd@%@@ 'MP a%tr' ng vglr%s
confi gurat bp,rgbbqfeérn%m@?gl fied | NSTRON device used in perform ng the

bi omechani cal neasur enen 10 includi ng extension and flexion, and torsion
experiments on pig spinal colum segnents from control n| mal s and %m

ani mal s havi ng Figt & {se et eghemalip pagt ciospsectonali @Iﬁgfa%d tE5ingsa 1SYA

col lagen, in @g& ,@i%g%%g%? éE&cﬂﬂgmﬁﬁsg‘E&%sQ lnkéd@?r%ééwgﬁd Pr g{b‘ﬁlteﬁﬁ ent

i nvent Pon; YBF I Mages of parts pi g spinal verteébral
col um  15t{d Foreé radddn gort infedtioheane the pressuapaati the myecrbmr potleinandfin éhe

intra-discal injection of ribose cross-Ii nkeg col | afg in accordance with
an enmbodi nifita-giscakEpass; Kbascordaned withransemPofimenqTRe PLFREMEIRENtBA. 6F ar e
schematic graphs illustrating curves representing exanples of results of

ext ensi on, f'exg%@p& ?:Pra?*é%hc% phEeMbStragid Q/aF%QsoébanéerﬂioﬁﬁeéfQHeplg

spinal colum s rom contr and experinental | g treated pigs having
i nt ervert emadifiet NSTRGNedeeidewiset in ipedsemmgathe-hiomiesbanical mggauramtents

accordance Wi t n nmbaqdi ment . of, t he t hods of the resent 25
12 W0 183 engion @G%ﬂex'%m‘rﬁﬁ SIRSERPRHT ﬁpﬂﬂim‘%ﬂf‘
Not at i on S hidresrEmal disess
docunent . U§§Q E?%OW%%T@ %@%bﬁ?ggvgmﬁpgﬁblglgﬁﬁwgease PLLD

Per cut aneoirjettad avithdiibosel enassplinkesl ecollagPONnRresordrngecwiih e embpdigent of

the methods of the present invention;

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

of the present invention; and

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

examples of results of extension, flexion and torsion 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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PLI F posterior lunbar interbody fusion VEG- vascul ar endothelial growh
factor DDD Degenerative disc disease The present invention discloses a

pr ocedur ewoors/ie@at i ng i ntervertebral discs having a nuclREURILPLOPOBUS
deficiency or other types or discopathies or degeneracy by introducing a
| ong acting bioconpatible crossed-linked collagen into the intervertebral
di sc or anot her suit abDETAN.EDIRESERIRTION OF Thikt INENTIONoconpati bl e, and
preferably al so bio-durable. Preferably, the injected material or filler

has water retaining capabiliti The cr -linked coll agen may be

i ntroduced into the discal spa@tm%ﬂsﬁﬁgﬁf)%@?}ﬂugd by the deficient

nucl eus - pul poste sy dRtatidmsabRohiagmbLRhiS Becaient | nj ectable filler
mat eri al may necﬁanmﬁpy stabilize the disc and the adjacent vertebrae.

15 In addition, the introduced cross-linked collagen may induce or pronote
the formation of fibfggaTTil a;gﬁhm'&?tl SSue wthin the chanber that may

corrpriée fibrillar Ss=Hmn j Tt es enbedded within a
cartilage-like or fgﬁi us-1i zgg?’égghfé&'?\‘/ﬁﬁdéﬁéééé &; '%&t'e to long term
stabilization of bi hani clggcg:w%%%cﬂsi ggerpgls”ﬁécﬁ g’%&l’e intervertebral to
prevent discal 20 dBP& i orat beticdiss fuclef§e ¢y oss-1inked col | agen
preparation may be iBHFoducedpaﬁef'ﬁélué?ﬁﬁri”é’@rbq)ﬂ)b USI pul posus space or
into the intra-di scaVE§Face o¥asculesigeiemtiaelia)growihtfaetasrt ebral di sc (wit hout
renovi ng t he nucl us pbposus) Degkpermtive elikor disease be applied on pai nf ul

intact annulus fibrosus discs using jnjectable cross-Iinked 25 coll g%efn
preparati ons. ATher peasent|ipventionqdisclosaal a proeediing, ior diratingpferygrte

per f or med j: i j } idd Frosus
by cuti i oes i S oElRes, AAKLHG BoHAERAF (el BIOer ShRepkes o

03/ 049669 QEFEh&ERYAHOMTrodaditigt & dorad bgting biodonjpatibie crqaseddinled asilagae
present invention nmay be used together wth or in.conbipation wt t.her
known t her dpeuihie intarveidRbral fiipe dPmh Anothgr ﬁHﬁa*P'Pm"%J%tabB% 'E@%”‘FA‘LJRB IS
fissur (o] ?ﬁﬁ j b i rtherigibiEninatsrigt her
types @fs hgéotccro rea&bprlré\;’nétia,apgégggﬁﬁ%wlgﬁ?\%éarﬁfegﬁe’rtf orlmpng thg1 "
procedur e on fillen-hes niater deiinjeg esapabilities s c I hencmssdinged ceollsioen aey be

preferred ?nqpoo ulcgglnitntc? f’thé rél?s arl es%gc% v'vﬁ]lgﬁ%a'\soro]bcupied 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 to long term stabilization of
biomechanical properties of the treated intervertebral to prevent discal

20  deterioration processes.

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

25  collagen preparations. Alternatively or additionally, the procedure may be
performed on herniated discs having a damaged or fissured annulus fibrosus by

utilizing compressed dry cross-linked collagen preparation.

13



the cross-linked collagen preparation is injected into non-herniated
degenerated intervertebral discs. The degenerated di sc nmay be penetrated
by a hol | o® o3ee@be or by another suitable hollow injecti RETAEI2/QHIDI
menber having a 10 sufficiently small dianmeter to mninze danage to the
annul us fibrosus. The material within the nucleus pul posus is washed out
and an inj ect abAdditipnefrtatiitjectamprdcedoge bf tbxeopmaenblmenh@’sa‘ray bk geed

collagen is |n ect dinto th hed ti hed
of col | ageipasdbdaih op it GBIt Wi pher iU aRiY DetDakr G BHRS T o at
| east part ba{ hxt hﬁﬁtreert% %éﬁn%mpﬁss%g%rléaékg% th@&rfAGd fiBrdaeivasang t he

vertebrae, ot her bi onec i cal properties and function of the treated
di sc and ofas’ehdareatmelaﬂ onvetheetypals oé@eanﬁeamtsn?@abmmtretheamt may act as a
space mnmi ntai ner, and as g pa| n rreducer VVII.|Fe e pr

perforred by itSERIPRIGLeDOCEd, -negualeg degeliorg 29 as a
compl efrent ary pYoGeChifintS \m%né%férrbd)temworméhsgf 2 rpaémtfmwﬂmcy
wave warni ng procedures. The outer part of annulus fibrosus, nust

be
i ntact si nte cigssdinked mollagers preparatien & ivianied HﬁOMUh\QfQ'a‘te%ld@gﬁgef?é?d

al | ow | eakage or, escape of e inj t abl

|l iquid sus e Stﬁg a?'h §CS+ hin'ie nqegg%%&%ggn@%’gdﬁqg& p[gl r ?‘Eeoc}ﬁ h?lhd;ﬁ e
present i nhééél!eOBrWan%ﬁwéioﬁﬁltalﬂ@ H SRV arhj eb&’ng\/&iﬁ%m opUinepibest havinguat abl e
nmet hods of sone or all of the contents of t he nucl eus pul p?sus foll owed by

i nt rosll@tt:): nQUffthﬂﬂVh@n&'égil@ﬁeteﬁrf@vmml%ﬁ 6'@81?}99«3@9 Weﬁ*i'é‘uﬂl?c IRiesuUsy| pBRus an
i nj ectabl e
jectabl o orghar kel fOTRIUSE IaipBEss | [ GRR] | ARCRM o OFjgtiddioU

addi ti onal y pre-c |n|ca stud

per f or med. plaparbliee codd r@ﬁfb&fo@tﬂp@blé’:@rmd&ikedvmllagest mhh;eemﬂinw\ theér st
degeneratlve nodel use nucl eus pul posus need| e-washi a sec?nd
degener at | Washeder FPQW@W/%’SH@@I3@§§epu_||-f1ﬁ)§ﬁ'souni@ Wrgb%%‘g preparation

PCT/1L02/0
nodel s ar e% ehs'csrll Jogell’d&! ﬁmc)i@fj a[{)?1 é"ﬂﬂ?‘%ﬁﬁ%’?%@?a%p@lgen?én!ggié;dl%eggabé, aiggese

respects vekire, EXPERaAAGT bitvikers tSwertdbraes tarclisiharebigmeaahgnial goopertiegr ans
e e ot o alon SR AE S Pl kB R, vt nor
(specifically, &gl BiLctE8! M2tdhdtUha) #RPa®aFRbace maintainer and as a pain
reducer. While the procedure may be performed by itself on painful discs, it
may also be applied as a complementary procedure to disc suction or intradisc
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 nucleus pulposus

needle-washing, and a second degenerative model involved nucleus pulposus
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to the thoracic vertebrae, was used. A sterile opening is made between the
6th and the 7th ribs. The ribs are spread apart and the lung with its

wr appi ngswiosos/odeased for obtaining a direct approach to theQiaozeiog?
vertebrae. When the 10 anterior approach is conpleted a retractor is
applied and the breathing volune is decreased. A 22 gauge needl e (22G was
i nt roducedrdmcb\mlghat ha apeulusgstabntie ishkndGn T Yiee tarhr adheegi modesnare

inserted through the anpulus fibrosus of a_  interyertebral disc (selected
fromthe dfgsdi méj,qt@bhg@lanterﬁ%g@eﬁfg)eqt%ﬂ (?qdog REPEYENSUs pul posus of

the disc. 15 The insertion was perfo%:ml:@ﬁ\nEMq {ight side of the disc. A

hi gh- pressure injector was connecte needl e. Anot her 18 gauge
needle (1 8G wRRys |(Sasrd1@destvmm) tweighting eal-6Qukiingramsoivera eancstbetinesc
through the annulus fihraosus SII’I a f.ro di sc netration
site. The Psoerlaestiesiady es&éblﬁhﬁgal%?n\ée SUY'%é(t u$ige r}bﬂfﬁn’n@n%@ﬁ ﬁu
contents o u | of plstiedl bberdgeh) ne
was i nj ect{egaﬁkﬁarégggﬂﬁétﬁﬁg%@ﬁe@grﬁ%&gégrg?g%rdehgmrr%; o%t 10 gPr gtgleres
until the 'a:athmmocwcrv@rtebtaeafwashas&@GPdsf@rllvaggemagds enad@betwearnthey

observed to cat| t hat th [ eus
pul posus h&8 ﬁe%rﬁaé‘ﬁﬁvgth bﬁ%&ﬁt?ﬁrﬁggfap@r%aadgh%ﬁv I"\ﬁ{h ﬁ% "&6?8%'“5%
i nj ect abl epfd\RasRrosaitsh |4 alraet Bﬁbﬁ‘da'&ﬁ Pt HesaBlce partetiaen Wdlser nhect ed
under 25 pressure through the 22G needle until non-diluted coll ag en was

vi suallioy ab’mmawpma@mecmplated ghietregoris appéed s W@rb@aéhlﬂgdé’ UME+t er

o ai nage. niscaPgeaRsa Aia BaOF Tl (20 HlesCRARehBed IRTAEHCAe, bpnind

quantity ﬁftoQIﬁé”T@XTga\tl@ﬁtébr@elrteo?l ghbllindeértet throngle thexbhaultisdisesused
collagen is injected 30 through the 22G needl e until_the_col gﬁen Ieﬁks out
of the eyeirdervertehraldlisry (setected fom dheifiscs ohyeHELramE0 2D G A& 808 thRen

wi t hdrawn from t he di on- absor babl e nylon stitch was made next to
the treat elUgEHs SLROSE ST ﬁ?%‘r’%n 15 WD 03/ 049669 PCT/ | L02/ 00997

i dentiffsi cation Crhetlhgerltlah%éséﬁemm@éd afSihiet gt sidmot e diss. Achighpressureal so
inserted into the vertebrae, for identif Ciriél on aqg I nterver e?{% gam ng
measur emenirjectas wasscannested 1o HetRG nﬁ@[dlﬁ pether ﬂ%@@rﬂ?ﬁcﬁ? ) W8F| agen
| nj ection r?se?@ﬁf ﬂ{tBEﬂ'u eg.@ E)Y}Ibo%% of tﬁé‘es%rﬁet st%eth\fSﬂél‘?bthéeanﬂ_ﬁlﬁs

by

nucl eus pu posus o ra was was
fibrosus of the dISC usmg a frontal disc penetration S|te 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 to 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 needle is then withdrawn from the disc and a

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

15



injection of 10-20 mlliliters of sterile saline as disclosed hereinabove
but no collagen injection was perforned. This third vertebra was used as a
control . Woeostapmwax openi ng was stitched, the air was evad€aried2/6eom t he
chest, and the pig was awakened. 10 Results of EXPERI MENT |  Macroscopic
exam nation At sacrifice, the injected (experinental) discs were exani ned
for ri boseidentifisatidni rdfe thec dhjeatpen déiscsr usSuitatile ocandediods secrawd weye also

macr oscopi ¢ pat hol ogi cal h f j on, infl '
hteor ty BesrRg dnfuiDe VBSERraR odas. AnGID it ARIe RUPREN FOgiIng scs
wer e renov fgﬁﬁ&‘?gﬁba@ﬁdé% BriRabil RBRdigaftédnd one sham operated di sc,

whi ch were | ed by the stitches or the screw (placed at the tine of
operating on thé sachepiy, thengobagervinjgetion impederaay anly ©n( by oyt 2f the

control) f b | h h i i _
com 0" Lo 3h0ge.e SALOTR Mk ML ol TR Bots
to incl udejfid&iondbf a 0220 nhillifiters GC ¥pdrile alinbaa$ discldseds hewimauveneuiendi xed

in buffered formalin and demineralized in formc acid. Hi stol ogical

segt :E ons weokagereinieationavamperornaen .o haisthisH yiestelirIwes 1SS CANRIat oxy! i n
and Eosin stain as s LAt t ] '

Srain (pH = 1. of MarPe pbEANEE Stk B I B paggibidlethidh dhERgC

The fol | owgRg tREIpIY Wabavwakenede determ ned and recorded at the
hi stol ogi cal |evel with respect to tissufe responses: a. Inflammatory

responide. 30 b. Ribose cross-lin dion within the disc
tissue. c¢. Ribgse -L.in | 1 agen bio-durability. 16 WO 03/ 049669
PCT/ 1 L02/ 00997 ﬁ%@ﬁﬁ%%&%h] tieh the details of the animals used in the

2} tste ?I agxé r g??g\n PatdAifice xRy Injestes . (eXp&irhehtal disbe .weder examinedoiomeibose
: cross-linked collagen extrusion from the disc and any macroscopic pathological
changes as abscess formation, inflammation and integrity of the annulus

15  fibrosus.

Histological Examination

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

20  control) from above or below the three treated 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 a
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 art, for
visualizing proteoglycans.

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

histological level with respect to tissue 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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A total 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, V6 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

17

presented in Figs. 1A-1G of the drawing figures).
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Reference is now made to Figs. 1A-1G which are photomicrographs

representing histological sections taken from pig intervertebral discs obtained in

EXPERIMENT 1,

including control discs, sham-operated discs and discs

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

the methods of the present invention.

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

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

10

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

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

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

18



harvested 1 nonth post-operatively. The border 6 between the native tissues
of the nucl eus pul posus 3 and the injected Ri bose cross-1linked collagen 5
was 15 bawspisideal |y stai ned, evidence to the absorpti on RET/ELO2/M99D
deposition of proteoglycans onto the injected Ri bose cross-I|inked collagen
5. No inflammatory reactions (no inflammtory cells penetration), no

gr anul at i oFhe iphste miarcgraph peveals dhatfoanation isf C%UUOB&%PQV%F@C%@H”]% any
of the speci ns .of animals harvested 1 nonth post-operatively. 20 Fig. 1
E iIIustraﬁ%@g‘éﬁ PRE stained histol ogy cross section (at x40

magni fication) gigoma ifestdtes &R HiRgrenati8Edsindthrhistelogy 8rossnséstigrost -
operatively (obtained frompig The enpty space or cavi obs ed at 1

p V4) . ] Vi r
mont h coul phatomidsegraphst i(thieedop nPhaipaigrRg P @it M%d@ﬁlgag@?ﬁ@mwé”geﬁ?‘% on

and th avi t fil y_Ahi : : ' j - eus
pul posgs %ot&g‘xﬁ‘?@%@@@%pﬁﬁ%&%@#%@ﬁ Z%\%ﬂﬁﬁ?@f%t&ﬁz@fnﬁ%ﬁ qIg@ct I on
phot oni cr og@RNclorb-lnkedrnagiabeh catd hajvesteak émbntinpestioperativglg doktaingd h

ri bose cross-1linked coll agen and harvest -operativ

i d 3 . nmpnth post - I
(obt ai ned fre®migMp). Thg PhafPMigrograpas rey %&laqtgﬁemje&ﬁ rfﬁ%&s@%ﬁr‘g@‘é‘? i nked
col  agen 5_w t Qe | hygl Lostd f & nypkeyfimatbPeskmcd 1S
observed. T\%’I#’%PI ?mlrsata%lrrf/&%@%rde? t :hgﬁ“ énﬁﬂﬁ}#a%%}%or gﬁcel_l Is enet ratci on),
no granul apétechi theUtbosrccross-lipked tolageni Dandithe lhyetine sxatex of therrudleds in
any of the specinens harvested three nonths post-operatively. 19 WO
03/ 049669 PdPPEUDI/MIAYYP SEENg. 1G illustrates an HEE stained hi st ol ogy

Cross section pl:-q@t 99 fLSYLRRMNA &Ycié‘#%lltf?;g@iﬁéd?ﬁfsmﬁéy cidﬁé%oiibﬁf(ﬁﬁxzfmc

injected with riBose cross-linked co en and harvested 6 nont ‘
post - oper atriagalficatiob) aroradaf disn phjgctedl withsirtdsar cress-fikesk collagen and
illustrated in Fig, 1 F, an intinpte interactio f [ :
cross-1li nk@ﬁ“’@@’ﬁda@éﬁOBfW\P?ﬁ'?Wfégﬁ\@)ﬁce € ﬁ??ﬂ?rh%@iﬂ&gﬁﬁ% ntg%ﬂzgﬁlﬁg Bus
pul posus 3.4 &Hé&%bﬁ@ ulDsUsnS lARMRABARSCIRPRIbGNR wessdihked vellagdie ! wasli d
not invade the ribose cross-linked collagen 5 during the 6 nonths

exper ilsent hasogelicadly. stainegt,aauidencenta the LRDSATBLD Qr 8 i\ Agrosition lS’Ifood~
bor for med. PIRSSRRNG PR BadR sy BESEE bR LR BER S 0o acat on vere
observed duri ngNohiigflaRmd8ry TeaslitRER! inoe ibflemhizstiyl agylsr penetratiarf), no
EXPERI MENT 1, excellent tissue ) .
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
photomicrograph (at x40 magnification), taken from a disc injected with ribose
cross-linked collagen and harvested 3 month post-operatively (obtained from pig
V4). An intimate interaction of the ribose cross-linked collagen 5 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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response between the disc tissues and ribose cross-1linked coll agen was
observed at all tine points up to six nonths after disc injection. No

i nf | anmrat Bioy03/Me®et i on occurred, as could be seen by the asSEROBOWH7
inflammatory cells and 15 the | ack of proliferation of blood vessels. The
hi st ol ogi cal sections, representing discs harvested 1, 3 and 6-nonths post
i nj ection dermonBigr at 8Gi nillusteates | aner H&E ostdiredwedristolagyRi I63ss cFBSHAN | nked

N 5 and th i ni hyal.ine. t| f th | :
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to foreign,hadyinkeqachi n taiﬁgih)%r@éfﬁt@&%%oﬁm podtidperativisp psbitaimeti frorn @ig on
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of R bosepGihasss i 8kfeprid. aBeNnfidiihsatbgamdetibh Wassoibsbrved.diGeis etid noat

Ri bose cross 25 |inked col |l agen has the adeguate bi oghysi al géé) ert% (Ies to
act as an kwaedel thet riboss|ciessintecheobagen & grringdhecp tBpnHIS & gnta

pul posus. EXPERI NENT 2 LS ex i ] : [ ' rdddnage
formati on B§" ql?r Nz%graéﬁ’ggh%\?}?ﬁgé Pﬁggtoebﬁoj't(f)egrgy{)ﬁ%ﬁegl ag g?%%é%hégg écé(()e:nl' agen.
I nj ect abl epgeRIBolighketyRpititate MRaswidnages ward perfenteabine signs sf libosed
porci ne collagen were tested as to their abil i%%,to i.nduce, cartil age

f or matlilon tiessdinked colrgenmenragdion e RORSSNRHBEINPENS PEHST 00097
| njectable ofosgold e BevhhERIdROR AR EXPERMERTCHO8SCAIIGK adsier i ne

i
collagen (100 m ers-per inje site) were Injected intra-
cut aneousefgsponke bbeves sthef dAR Nesueke adrah dibasiebicrass-lirieny callagenawge

(30G needle. The needl e penetrated the cartil gge.of the ear.. Biopsies
from t he 5obsgweddat allitinag PREHE UpHeAPhEWNLRS éh%r ﬁ‘@ﬁﬂwes@%@--'\.‘?% i @m%ﬁ%éﬁd
processed . hi i cal ' j I kN e itbREcEIY ak@t h
por ci ne angé)%%@?n@ﬂqﬁ%cf%b?@ﬁ@ﬁﬂ oégg%l?%%et@b %%%gggﬁggﬁﬁﬁe%gﬁysi gal |y
i dent iffsi edttas lakbkrafrgrblifefatiomohisload diesselsy Fae histstogicaljsectionm .reprgsenting

O e et Beoosied L0 LS. B SR PhectBo) DB ERHFo Buats: i ne
f‘r’”' nggg FBFRt6A bitvisth tthe SRHOYBS cRIdsEaINKked B6iYed Shemd @il remditiag
hyaline tissue of the nucleus pulposus 3 without the formation of a separating
membrane or capsule characteristic to foreign body reactions. This adjacent
20  affinity supports the notion that replacement (even partial) of the nucleus
pulposus with Ribose cross-linked collagen is feasible. Proteoglycans were
identified within the injected Ribose cross-linked collagen. The in vivo absorption
or deposition of proteoglycans may contribute to the visco-elastic properties of
Ribose cross-linked collagen. This feasibility study indicates that Ribose cross-
25  linked collagen has the adequate biophysical properties to act as an excellent
replacement material for the vertebral nucleus pulposus.
EXPERIMENT 2

This experiment tested the induction of cartilage formation by porcine and

bovine ribose cross-linked atelopeptide collagen. Injectable cross-linked bovine
30 collagen and injectable cross-linked porcine collagen were tested as to their

ability to induce cartilage formation in rabbit ear cartilage.

20



col | agen based material. Wen cross-|linked collagen was injected into and
adj acent to the rabbit ear cartilage, chondroplasts were observed to

popul at e wh@/a4mjeect ed col | agen matri x, form ng cartil age EIIVIHLO2/0N9e7

i n-between the cross 15 |inked collagen particles. The general histol ogical
appearance was of a conposite tissue consisting of cartilage reinforced
wi th col | agen pdnjeictdbds. cBmselinkefl thowie penllagen eanderirjectable ceossrlinked by

chondrobl asts, and fibroblasts.. Reference is now nmade to Figs. - whi ch
are phot onPefaY applegen; I(I1§§_t F@Fﬁ‘ﬁbﬁfﬁhé’ef o\nﬂf"actt'f)angg(??c\g?ﬁ I gbeé;t%ql-\siﬁg'

bet ween paktifc88sl iffPe bhrksibo Reve Zbhra8Nabbitscligifly ian8® ghbge (30G)
superficial part of "rabbit ear cartilage as disclosed herei nabove. As can

be seen i nnBedle. The a@edihrenatiated tthentaytilaged of thepeancBiopsies frapedhed
cross-|1_inked collagen materjial. [In, sone si | Rdi.cak , the
condr obl asf@quge?'%?eavqrﬁt%btﬁmegnag 081'5 ggqr{tlﬁﬂoadgsg%fég@ﬁﬂ%gm%%%éﬁ of

Fi gs. 2A- Zﬁiswbgicgpéﬁé,ﬁmﬁgne month after injection. 25 The results
illustrated in Figs. 2A-2D denonstrate the ability of the injected

col | agen prepar &llithasinjestes sites dor beth pergig and droving injecighleagrgss-linked

nj oot on PR ATt Bnisledly BepE] & RisfoniH STnBRMs R b \ SR Bot °r7,

result in afjecticastioadifferdricas wegembsahicdnirothd Hissoeclespsngeiltpdsjestatded/ or
devel oprment of 30 cartilaginous or fibrocartil a%bg%g)f ti ssuFI%@(H dense
fibroud ti sessslinked: hevingt callaggins ag) cypagied 1o i LRy PeH2N®0997

EXPERI MENT ' QBe LA ' ' i | j :
characteri §§"%’1e "bi gﬁ%éﬁ@#ﬁﬁﬁ%@%%@%ﬁ%ggtge\’lr’llgggﬁteeédrsalﬁ?r %?‘éﬁig di sc
treated wi ichbllagdropased osaidriaikeWrnl lcagssAinkEdesallagent eas uingscted éntooapdr ed

to the bionechanical features of healthy and pon-treated degenerated discs.
Macro asse@6iasent tadbe HabbE ey 3ililagga ﬂ'&qrioBP?S&? W%@g‘g??@(‘é%géo popu?ate

procedar e (1 dIEBR o e B e S e B L cace
(DDD) i5n afinked scolegjetie gariidles. iThes egarendl higielogiqaHadpeearanggn wasalof | a
éﬁ? ,8r e't( 3 n;a (rg\F/)ampeotsitg Itis’suéaL %%%%us'nﬂﬁ of %ghﬁetlgeed rehlﬁ o?(i:end B rc%fllggr;gH %%rt%crllest. "Sthe

of these particles 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. Therefore, 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 intra-

discal space.
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all purposes. Briefly, pigs underwent anesthetization and a left
retroperitoneal approach was used. The fibers of the external oblique,

i nt er nal Wwigl63¢gdes6and the transversus abdom nis nuscl es war@/Bepeaat ed. The
peritoneum was identified 15 and separated fromthe nuscles and t he Psoas
muscle was identified. Due to the pig anatony a posterior dissection was
perfornmed and entry was done bet weeBXPERIMENE 3and t he vertebrae and not

t hrough an anteg_i or gi sseitionE itn front of the Psoas nuscle, as in
humans. The Ps ' the transverse processes, a retractor
was inserted anfhd BenbiRRAL is\EdighRlo GirdbRriz8 thapiorassitatical felsiungs of

| ateral X-ray inmaging, vertebrae L1-L4 were identified. The X-ray_ inmaging

was per f or degenesaieyl iaterveitelrabdiaciiieatedyéthi rihasessroselinked AOYRIEN. ThidesShe
(PhilliLps, del V-300). After, s rati t NP W] he
segnental %ﬂggﬂﬁs\?&%’ ,arggh%gpef g@’?%r@%?csaﬁéeia\}g%}’léﬁm ﬁy‘%@bbrﬁ’grﬁg?ecg_o 25
m 11§ met er oy Riraldey edidcsli ANBEOr JassBESmEARErdrRll, histwogicalkevexaminator hof

vert ebr al ody. The distance between the screws was neasured using a netal
cal i per. degensaied nintesvgriabml cdisci rfraated svilh i ¢repsiinke §°ﬂ%ﬂf’é‘ P a No.
11 scal pel bl.ade into the antero-lateral annulus fibrosus of L2-L3 and

L3-L4 di chgrforlgréq Ilel to the end plates, penetrating into the nucl eus

pul posus. Part Tphe theced@rentis lexperimentallynoreate T mneoded uoid degenerative dlise

| ayers and the pig was awakened. 22 WO 03/049669 PCT/I%O%{ 00997 |
EXPERlWENmsea@(JgDDan@Wﬂaﬁwaﬁéﬁﬁ@&ﬁ%ﬁnﬁeﬁﬁe&' Ranegs (Neptenmaiam @i &l 5.
V16, and V f el : ' ; s slaly I rst
oper ati on) }g?ﬁeK%@gm%rﬁ"ggg@ l@tblrﬁz%fgfne gfyﬁ%%‘%hgqﬂw opégﬁjaﬂet(ijreédnetggﬁef? gt ive
di scs wer egil pugsdses. WBtiBfIY,. Pigs Lirklemvehi anesthetizetiomnand jaeleftatsitopptariond

ri bose cross 5 linked collagen_ preparatio Igalt .concentration of %?h

m | 1i gram apeachiwadesedolNgdihiersof the p’?(qul ‘?e?@’qb’]e’ a ?qu’f%f’lg %n was

per f or med {paa8,@ A2EmiTRIAacI08 HHIE scBBldSd ATRE REFHGReri el ideRtifdet em

capabl e of "producing pressures of up to at nospheres. The pressure
i nj ectiison aydtsemarsted fsamithednusclee bail the isadsnausele W ddentiied3)Dugiie

Roent gen miEnPHS SRSATY of SO SISaBRL Ve geroedrd S0ga L pschShe
anterior apdyadiagrNbsbes bHE the YBPEBIREaRd POLEFBEgRTant Astevier tizbeeton, in
front of the Psoas muscle, as in 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). After 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
scalpel blade into the antero-lateral annulus fibrosus of L2-L3 and L3-L4 discs,
parallel 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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through the psoas muscle and the lateral side of the disc to the center of
the disc while the animal was lying on its right side. CONTROL GROUP: This
group i ncwesd49deve pigs that were operated to 15 establ iIKI/HAZOED ( pi gs
V13,V14, V18, V19, and V20 of TABLE 3 below). This group of aninals was
not injected wth cross-linked collagen at zero tinme and served as a
control . SPI NALEXRERIMENYTAPIGROAIP: Nisgroam imstadsd six pigspirigs Vilg¥Y11R10,

eaction 18130 aec denend Vel BIBRERAE0R o LA e G Al S e

spi nal cangist oF_@raQioﬂ),%@,pig@d@rre pAssipktized again anpteaoperateddeyénerativer of
ri bose cross- linked collagen was injected into the intra-dural (spinal)

space of ttiecspienalinjectedavitiat! . 2bdl2 nillliless ghanigiectable peranefibesR cias§- |1 n

t he renminj. [ ni d I inj i J :
w1111 P er st G8lladerd prEParefinc b 8 RotqRR/=38no0r BF RELA udsgifies., | |
order to ”%c?'ﬂoégl?@hﬁeﬁ'nﬁi‘Hiﬁ’Eér@rbePB@)QQ‘hépinjéd’diothasIq@@ﬂfcmrilel‘f thvaubhod 22@

annul us fibro: eading to the extrusion of the material into the spinal
canal . Thespinahse¢adieeusingenpressee inigctign sygtare capatle: ofgirodHeing Aresfts

signs such _as linping and in ' L oJ '

anomal o i Pf ondo T AfnPRhe ARG el PRrGyrgieRa B X gty flyetaf®
exam ned. RErRRAfRIASeR Fig. BRWHERdRedtion W dénevberutasecusiy bsingtthe ipage
cross- sectional diagramillustrating the system Lﬁed_f roi ntrl_ - di scal

i nj ectlidng rtensitivys mohileoReenigate machineagendigalgsed %m%%ﬂ’?ng Eﬁener ®ction

force and the @%@?ﬁi%ﬁgﬁfﬁr i Xé?ggﬁt%%ﬁg?rﬁl@é}éﬁoﬁ/oggtgﬁgs ﬁf e VeHeirher

out | et andwlaﬁ _ scal ace, in accordance w an enbodi ment of
the presenthrboylkhé Proathausyiet amd Ak iatetal dide af thejdisnt tthedeentee a22he or
injecting the cross- |linked collagen, a for¢ce nonitor unit 24 and a force
t r ansducer disgAvhilsr thesanigal wasdying dnclts NeMEid6w pressure sensing units 26

and 28. The int NG r Il(_gi c j Ci ' il |
t ransver sal cr% F&ﬁ‘ CROUP: eT\:I/;‘v%t g'%sLﬁ)ol\r/ﬁv%t teeblg'?l‘}néu?lgg tp?ﬁ%ﬁ?ﬁggé’tgﬁéot he
nucl eus pukptlish tRd DDD (pigsatt3 NGl 4)ALE, &/ 188 amddv20 pf Ed8LEe3 et ngliiged! e

40 are shown in their positions. after.peing inserted thro a | us
fibrosus sQEHR REANIMAAIS WapdIP ﬂﬁleﬁ&’éﬁwgﬁt?rﬁgs'ﬁpge iCQﬂ%%%'a a\%lj\n%?ﬁé ﬂﬁ{%gﬂﬂ
nucl eus pulBRIESISE bfirof. he degener at ed
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-L3 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 development 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 intra-discal injecting of ribose

cross-linked collagen and for monitoring the injection force and the pressure at
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nucl eus pul posus in DDD nodel aninels) in the intra-discal space of the

I ntervertebral disc 30. The injecting device 22 includes a holding franme
23. The hwiadingodepame 23 is made from autocl avabl e sur gi cdT/BYZ@99and i s
attached to a stainless steel 15 back-plate 25. A threaded hole is forned
in the back-plate 25, and a forcing screw 27 is novably disposed within the
t hr eaded htHee.injEotorhalutiengarid aine t2S8 infra-discal spacehél accadamen| Wigh eave 31.

A standard 5 mlliljt pl astic syringe 33 may be placed within the sleeve
31. A stai ﬁﬁ@g'@?@{e‘lﬁe&‘@o"rg‘\%e%tt'f“é Bf-to a rubber piston 37 nay be inserted

into 20 the syfo98,s8618 S0NALILABS A irfedinga6Vick 022 RS Ij8&tinghthe thssse

. i
cross-1inked collagen preparation 39 disposed within the syringe 33. A
hi gh- pr esslinkedr-cgllagenj an fatce snenitaievniéd24 oandhea (foee ranpssiuced 2dffor he

syringe 33. One armof t T-junction 41 is. t hrough a reinforced
hi gh p%essmeé‘sf"r'agirpﬁfcg’ ?UBEWOJ%G?W@ﬁgnﬁwgs%m&%gﬁé?%g uni t926 f or
nmeasuring the prgasimévaiebR e |3 iviscRenidtieaby lilrgetsd. in Tharasvershlar m
of the T-junction 41 is connected through a reinforced high pressure

f1exi bl e tatossigeational viewnivashbve the aneekisdibsesus 32 &nd e nydeis pulpasES

Gauge (22G),,neged| e s used i | I : h

ot her type 4aﬁ5‘ 5’&?!‘3%@ Qﬁecﬂ%éggl %@f@?&%dﬁ%&éﬁwge@éﬁ% 4tB ﬁé{aytg\é?] [%V n llﬂﬁt}g?n;l “

and ext er ngbsiibASRIfRl baiing sertedeiduyh theest rulGS fibrysusesudmihge theiOopen

depending Iinter alia, on the viscosity and concentration of the Iﬂ%ﬁgaabl e
e

cr _oss;l_OI i nkegdieotipagen disrgsacaritbin theequclgHs (P HRiShad ©F the,
i njection .t ' [
conei der at NOREUS Rpeshs ip, ST oEHK s Shalsy b the) hird sl plae) oP e} | O

present i nyfahicptebralltisBessure sensing needl e 40 was a standard stainless

steel Luer lock_type, 18 gauge (18G) needl e. The re ensi dl
40 was connect eahﬁwﬂtﬁﬁgﬁgaﬂﬁV&%&gr'B@Hd% é’nhﬁlidé@sﬁ?g‘e éggiﬁsﬁpﬁhﬁgraﬁﬁgt oe

or asbur o ey e fel atdclajdli SERRCH! SRSol IR IR SIS S e

(
pressure wi _ 'S rrng and after t I njection of the
ri boselrscr opackipited25.01A digeadpddpae ds iformad in e backydatee2 5 et agfoueings 26

"Il ati on_ SEFVEE 15 T GIERRRSF Y B BE NS AT SATEEr A TS 28 P abl o
from Gui dajs AgYAHRoRhEAVISEN 81, Syst ens,
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 arm of the T-junction 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 needle

38 into the interverteral disc 30, and on other practical considerations.
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10 Inc., CA USA These devices have a nmeasuring range of up to 20

at nospheres. Ot her suitable types of pressure sensing devices may al so be
used. | n WoeosaMperi nents, the force transducer 24A was at tPdried2/epveen t he
forcing screw 27 and the end of the rod 35 for neasuring the force acting
on the 15 rod 35. The force nmonitor unit 24 and the force transducer 24A
were parts of flothe eypagments of ttmm@senhinwn’waiuhgmr@swen%ﬂngc@%@ékg

For oo gaudtD WaB stSAAGD SEHER: BiFe] baok MR BR: el (B TReggoTIRy T

resol uti .O’bhregsﬁ@ Hrify AbedEUC das2bbrinectdtriirangh anmiviferceidhkighyresgre33 was
| oaded wi t'h ribose cross-linked collagen preparation containjng r.i b%se
< GSgd:

cross- | i nkiedipertabaeatdcto thepressure sepsingewlit 26i ioh Beagiying |

mlliliter of phosphate buffered. sali A irHAE ' r 7 S
screwed | rPr%Slér?e@Fe Presily & #ﬁeed!asgg té%?gﬁ‘ig urn-cl);g %&5&%59@@%@%&?
T-j unct i onpdkipcsBeréshrnid esifigeherepaetioh®®.needl e 38 with the 25

i nj ectabl e collagen preparation. Air was expelled, by using PBS fromthe T-
junction 41, tHEha pressirespNSiNG WdsAQ ang E i bsed HY itﬁ§e¢>&1eé'ﬁ‘%}tst"ﬁ e

| njecting aged)ens®) ha5RABL GSPEETS HifaBR ARSI McliingNanAbg Seressurensi ng

unit 26 he i nfectron of arr into the intra-discal space.

After the _eBniRerliy/dvalable fromeBiddnt Ativanted Gasdiogasadardsystdrosed in
30 detail herein, the position of the end of the rubber istfon

. 37,
recor d@d, lasd Ghe UDMci Mepsserdavices RRVE R dMEGSHYRY t FPS ndr éﬁ’sitﬂ\é\%or ce
th d_.,of d - ' [ t abl
oresour o | A0ePRBreSSOUE S BRISIERS I PrES BB ST Y dovobahay aigd pest avl ©

at nospher egsadps devel oped at the syringe outlet nonitored by the pressure
sensing unit 26. The pressure at the outlet of e Syrj t he
space within thid et @mﬁm%ﬁaﬁﬁedf%ee g‘@ SR %%fgl\/y%ﬁ/ﬁgﬁ%?%d?gg@g%q ﬂte
pressur e SFo’Péihgchngz? R e of fIRSIRACYS K Infeadihg e fatdeyactingoomlie

urrng and after the

before 5 d injection of the cross-linked collagen
prepanat i ofpod 38e T éarceanonibe witi2éfanchther taica drangguceis24M IWerRRATS Phm t he

0012 o (12 oS, B el B0, s BER) G it v
LUTRON Electronic Enterprise Co. Ltd. Taipei, Taiwan. The force gauge had a
range of up to 100 kilograms of force with a nominal resolution of 50 grams of
force.

20 In the experiments, the syringe 33 was loaded with ribose cross-linked
collagen preparation containing ribose cross-linked porcine collagen at a
concentration of 35 milligrams per milliliter of phosphate buffered saline (PBS).
The forcing screw 27 was screwed in to exert pressure on the end of the rod 35
and to fill the T-junction 41, the tube 42 and the injection needle 38 with the

25 injectable collagen preparation. Air was expelled by using PBS from the T-
junction 41, the tube 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 until a relatively stable pressure level of
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pressure stabilized at the 6-11 atnosphere level, the position of the end
of the 10 rubber piston 37 was again recorded to determ ne the anount of

t he crosswdanke@ocol | agen preparati on which was i nject ed BQIwio2/®9di sc 30.
Preferably, it may be desired to therapeutically inject ribose cross-1linked
col I agen preparations having as high a concentration of cross-I|inked

col | agen aapprpxiatatelyabi1y afomsipbetes was denelapedrai-the sysnge paidlet menitatedase

the restoratjon of 15 interver r ' ' S
close s poetREpEsedrs sty Sl 2R dhe HAESH B! 47 BUAS GhefhBfE gond
therapeuti g gfd ephcé iwithih eeOmtdroertsbelv disd ddegngdvisually afortifored mjnethieed
cross-col lagen material in vivo by endogenous coll agenases). Practically,

h(ﬁvve\é_er ] t presauisusensing WIitSeQ@eﬁEWr%c resrgctively, @ndonapuaty recanded hefare ed” by
t Cration. . T .
iy ect S BTLATT AR ireolonnOt e RS Tkl B SRR TheBloat,

| evel s andonitiidieHll oflth@Fod B5 Was ivizually iread freedtiee dBplay oiothiesfgrse moaitor cl es.
Additionally, while one would |ike to decrease the gauge of the needle 38
in order t@ik2hiamdzBanHalsieserdgd.t he puncture in the annul us fibrosus, the
25 decreasing t | e di (d i i -gapasitesB%fBe
limted, int er'&g?'in:[ﬁgb;ﬁ/”%gﬂzbl SI tdfﬂﬁ)l@%?r ggpéﬂﬁglrﬁf%?se\ ?nked gol | agen to
f1 ow t hrouglesste stabdited atrttielB:11 lgmosphare eakl, fhe pasiticasobthet éred &l e.

F le, the. f t hi | b ticalJy Linited b
he aBDI | L GibbeT GUHONOBT P AGelb spoaldepsion SN B (he cABRCEH BT thEGIEEs ang

to insert t R ; kd Ui di ng or flexing of
t he needl eﬁmﬁdnﬁgghgpﬂéﬁﬁ%?obWg@%ﬁgﬁjgrce |NrrY1't6nary ltsggpg it was found that
the injection BfermblRdt may be desveddsfthetapeuticallyt mj¢atjrimsei gross-Hinked

I ntra-discal space of pigs, 26 WO 03/,049669 PCT/1L02/ 00997, ri

cross-|i nk@?i'aegﬂ|%r&8ﬁrﬁgt°g1ﬁé}3a'f%ﬂ§%w£\ﬁ ﬁ@hﬁ%ﬂ&%‘m% $ORY |B¥e%88@)§9eq§;5as
mlligr ?‘”BPI%fctiﬁélﬁﬁ?b%?iﬂ)@%t%omé‘ﬂﬂfhﬂ@bams héd itbeicidtseutie nesidrgtibrha¥i ng a
gauge in the range of 22G - 31G wi thout clogging of the needle, by using
pressufe Intarebdehtal tspacearicemeashanical pronaities 38 elpse @sdpessifde teosewl 10

t heres. 5 Thus,, based h imlarities b ture,
a1 76, and VélUgharNDAlc SRS B l000R0E0 rERdthcy e BP0 B G oo
it may be ppEs§idlRichOof Hehjetted Elobeeollsgers materiketh vhld Bgendoyenaust i ons

of the present™in
collagenases).

Practically, however, the amount of collagen 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 ability 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 injection

system 20 may be successfully used to inject into the intra-discal space of pigs

26



the concentration range of up to 55 milligrams/mlliliters into the
I ntra-discal space of intervertebral discs of mammal s (including, but not
limted two @adedene, 10 cani ne and human discs). It is, hoeEven2/0099t ed t hat
it may be possible to therapeutically inject ribose cross-Ilinked collagen
into mamal i an intra-discal space at concentrations |ower than 35
m | i gr ansfibodd icrogselinked nom@en treparssionsi having aescenirations of Up §9,5% nt er

I h th t
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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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the pig through the sane antero-lateral approach while the animal was |aid
on 10 its right side as in the first operation and neasurenents are taken
in this pEsidtiem9 The tips of the caliper were put in thedmlLeyombat were
in the heads of the screws and the caliper was gently closed until the
tips grabbed lightly the inner walls of the holes in the head of the
screw. The cal iMacrovassadserentenoved, re 15 inserted and re-adjusted a few

times until it S evident th S t

measur ement s dudat@ 'PﬁBe‘étl'OJ%PF&‘ aﬁggta\@fth?qgcégﬁﬂ'ggrf&eéﬂgs%n S'Parthrlggs
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cal i ber mediee inter-verelral segcafarpagteciavablenmetal $alipegy, Withhase ko
tﬂﬁg:gr B?g\}vﬁlrg%%u{r})@eaacpﬁépf@r %@%%ﬁﬁp?ﬂ?%’[bﬂﬁ% ?)[atvhlg@h tr{? ESlceNBEE 3biAs L O

€ anoun I ntervertebral
di stance i |ﬁséﬁé@=ﬁ*&@dheﬂé¢teﬂsmu@en‘ﬁea§ureﬂ dthiee mntlailmheﬁthle]DDD antl attheer ved

as a control and as a way to estimate t e%z nges in, the vertebra and
di sc di nenéneryf sassfic@gaieranim@l-ovitrhe 2ing; t%?oqgJ 8@?@3@”59&?@%?@?:’?& are
e ol cakeM AL ITP AR R 8 AflaS AR RELBELaaRe Spdrated

EXPERI MVE ani ca exa nati ons ness of the spinal colum
in flexi onheeyigethssugh ﬂﬂﬁsamlesamtaro—Meml apProaxhswhitel thes |angnalnwaaéa|dcnﬂ 4502

Aut omat ed Material Testi, ngt i g 9 1gm’rerc ally avail bI e ftrgm . ns@]r on
Cor p. 10Mp, itsight tideuAT 1N tthe Bist GRETRYPN AN A% %mg{‘ S AFERLE" er
connect ed. Bé%?b frast ructure for bionmechani cal 28 WO 03/ 049669

PCT/ 1 LO2/ 0 measurenments of inter-vertebral disc functionality and
movenent was  eShatibsdfdbe cﬁhpsrmmpuiriertbatmleaaﬂ@tma in dhe heads of e t he

i seacos | ROrEHE St e calisdaas 9anfy eveddant (16 oS it JGRRLThREr ' =
B o The e o A, e e L A Doy oy e Lol nts
8: gcs 1and Insgebad naisd wetad;mtedh@ fett tintesduntil it was evident that ¥hcl=,ore was IJIO ’

change between the measurements due to the elastic effect of the caliper metal

arms. A mark on a sheet of paper was then made by gently pressing the tips of

the caliper into a paper. The distance between the marks was measured using a

caliber meter with accuracy of 0.01 millimeters.

20 By comparing the measurement results that were obtained during at the

first operation to those obtained at sacrifice, the amoimt of change in the

intervertebral distance is assessed. The measurements of the untouched L1-L2

disc served as a control and as a way to estimate the changes in the vertebrae

and disc dimensions due to animal growth.

25 Histological Examinations

Histological Examinations was performed as described hereinabove for
EXPERIMENT 1.

Biomechanical examinations

The stiffness of the spinal column in flexion, extension and torsion, were
30 measured using an Instron 4502 Automated Material Testing System
(commercially available from Instron Corp., MA, USA) to which the specifically

designed attachments were connected. An infrastructure for biomechanical
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nmuscl es and skin. The columm segnents were deep frozen at -20C. Before
testing, the columm segnents were defrosted (deizes et al., 1998 has 10
denonst r anedo3ttaateot here is no difference in bionechani cal RE3NLL/B9DEL Ween
fresh and thawed frozen spinal colums) and prepared for exam nation by
connecting the spinal columm segnent at its ends with rigid plastic cenent
to the tesmieaguredearitse ofs idiesoedsbrali Mistet firlctinaaldy nafnder mavesint e e

systens 15 In order fo neasure the effects of  |.oadi ; ' d
torsi on) SHakiRveht thesse m%a%?'fngﬂf%w%a U tf\(/%f) a&@%ﬁ%ﬁi%?ﬁ&%ﬁ%rg
desi gned. in%&éuéy&bséﬂﬁnbe@d &oh8 éﬁ%el?eétmg HegbRektioa disd Aigauskisnia. thEne
| NSTRON 4502 Automated Material Testing Systemis a dynanoneter with a

| oad cel | aniovaheradeds.ly available fromInstron Corp., MA USA. Data of |oad

and 20_novenent are_ s nct’1_riotréi ed. o !S ﬁ’lel Sf. LdiRa &Pl S 14 o

conput &r (PC). T BRNEE i8R P98 AR ' 2h'Are phot ogr aphs

|| I ustr ati ng werdQefRNEHGHIMthe RacAficddpigUThé ihad/dshsT BehnentoimelriddNal er i al

Testing Systemused in perforning the bionmechani cal measureHEnt i nc|] udi ng
Fmad

bendi ng, fheexerigbrainbombriartsn Jeper dissst andnligamgerts; Maihosbt ts

fromcontrgl 25 ani LBl i |t b di

nj et ed wivRoRPoRld kot PORTSedeRis Wers UacB FhASH oo G, BeRdre
_elrr‘loodlt ”E?tte?ﬁng’mh@f-bbm @efgd‘iﬁntspmentiefr?srtedt i(Gleizds gat. allA 908 4ifas
illustrate e positioning of the pig spinal colum se nt int

conf i lg]Qr at femopstrated thRGRIR '%@M'ﬁ@%%dﬁ gm%@@n'?ﬁl rﬁgﬁg‘? f;@twege@hfg@sq he

spi nal col ' | r \ he i endi n
nodel syst @]Fhsd:\’k%dsg %h S yﬁafllicgf&fs?ﬁ%ﬁnagﬁ]%reﬁfggé;dufblrn%ér@ggﬁgﬁng?f ngéggti“f)b:d [ ng
the |iterather epin@hicbiain segmeint at i89éndsviitireligit eplasticEcestent 20 the tostirm 9669
PCT/1L02/ 00997 al., 1998). Thj'El %stf?m I's mechanically connected to the

| NSTRON na@@yife asptg@osad ajl pefgigaiteriya 4D, Two 145 nillineters |ong arns

53 and 54 are %%Qu%élﬁ%;g%{%g t he I NSTRON machi ne through a rotational
hi nge. The uppe a first part 53A and a second part 53B.
The §5second plar brdeBBoi measgieding efifiects iofdoadingtmades doerdiag 1ansetarsiog) |

ibga;'t ? gcﬁg'@n ;F%e%%'i‘ltgeg{ tPPealvlerth?arli & ur?n% Jiv?o Cs%%glraecg éy%téimlso\?lgrec%le%ig%%d‘.mi ch
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 to 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; Marmelstein LE. et
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| NSTRON machi ne bridge 60. The first part 53A of the arm53 is novably
connected to the second part 53B by an axle 56 which functions as a hinge
to all onwmch@/lpest part 53A to nove up and down in the veraniear/ompTection
only (in a 10 plane including the |ongitudinal axis of the spinal colum
segnent 55} such that the angle between the part 53A and the fixed part
53B may changeg9gier HlQV@etemﬁsﬁﬂﬁleblsamb:glydbgnmatadHedtheolN&'éRahhmdﬁim t he
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Th dera | Reelthastaran o Raidl BiEedl aRSHERES 8nel el Bt onT hiae
fixed to ef?ﬁ’ebroggﬁ 'Haea?anSSQ(’l Céﬁlﬁa@c? gl léé’d'déll%@'fwhlbﬁ iat aesdhddheo teei nal

col um segnent anl cal loading system The vertebrae at both
si des of t NSTRENdnaghinel bridgeu®n. Spnfirat BBt H3A @fibedadn w3 Hs ieyrbly

57 dna " so0onated (RS cRead Aart avi er Skl o SFRH finol iR B8, Fhinde® 167

the vertebpfiog tke f.mV@éWBBA(meenﬁo ane VIRt Bleyvarticalhdiretiohesnlpf(int de
intervertebral discs of the spinal colum segnment 55). The s i nal col um

segnert) 55plagefingledingythenlongitudingl e oéthe §P'é‘@§ coiumn §eOMEPL S8l SUeiHthed at

an angle of, 90 to.the ar h
T mne ! s S Fie BARRA Ao e RRR EEMB orgeBent o Lole
54 nmove one tovarHg Ibfer Aries4r ESﬂglﬁlyﬂlﬁa(ﬁh@.‘I ® Hieatchaskisc bf tI’marINSTRﬁH\I

vertebral columm of the spinal colum segnent 55 in gne ction, merds
the bri dgemh"ﬁ) Vime gems £5%580d pdTnRY dvexert a fo@noﬁfﬁ’@r‘? (eiiibel

ascends,
momont whi SRS SPIE el fup RepmEF 3 ieds Fig M SEnetipere U%A?ES%E%{'“ES in
anot hers di 68ahhpotateay ahrarglé he the hdgeosial pIaﬁmdotrdh:dv hgndingexfttherepinal

(fl exion and extension may be obtained. The 5 applied force is neasured
directly bgoluRaN seQMepEPp- 5

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 to 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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The novenent neasurenent in the spinal columm segnment 55 is conducted
using an extensioneter 62 (comrercially avail able as catal ogue nunber
2620- 601, WOr @rmdvgest ron Corp., MA, USA). The arns of the earamsz/onyerer 62
are attached to the tested vertebrae (L2 and L4) in the 10 novenent
direction. The upper armof the extensioneter 62 is attached to vertebra
L2 and the | owaWhennthef INSTEROR bridge (6t ascepRs| thexamehddand a4heoveedibr a

L4. The acquired dgta |,s processed to gener - '

repr esent AL TGN Mol deounna 1 2deBReFiich Befe fiRvardiel opidintPor
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vertebral col unmhsegRBind hfedsurardbnt amt theheaginalwookiotreveegrént( 156t ishown)
fix the ends of a vertebrae colum segnent to acga(jlyyet h?/elé)ine cen??gt
casting, cesndugtediusingearplexdensiongi®y 67 ERMMErcRllyRYRIIANe A CARPUS
hereinafter. Th ma i I ta d |t fi r Qjsa |l e
hol der 70”%@$Pﬁ95§59%§8k grpprft @Sgﬁﬂ,)@vﬁh’ew&’e %3’65157 Eﬁg %gmgogﬁeiﬁd to
a chuck at exteRsiopistepis2 e r atadhalal ¢o ke etedied Tedebmal{l2 andnleh Irsthe gi dly

attached to the 25 axle 67._The | NSTRON ﬁhi netl contr?l s Lhe Vene tt of
the arfh 65meyepEnglirecliop: ekha &PBRE B o £ RXGRHPBISTR P uﬁhgga‘ﬁbefﬁ el
50. The fof g, gl_?:%n Ythel E)gveri‘aﬁrl?'h Hee dkRshshorhict | 62 i§0aRithedNtd fige

rot at abl e axl'e on t vertebrae colum segnment 55 attached
thereto. Thertelmaed. Mhe hequical dataaisegtobgssad ta geperaje ehetresssiraing@uivey t he

lied f _ d 30 di tly by the |oad cell 50,
Toverrent BIRERTIACHRGY S8R fores VEaH PR PSRRI e X R
bri dge 60 g%k{sr&miég_gpj@@q{e@eiﬁhe% arm 31 WO 03/049669 PCT/1L02/00997
S-'s en

65. A stre rain“curve may e conput ed based on the nmonent and the
r ot ar yi5novenent Figst a. 40 handhpdd) i ibustfade cihe pasitinningsofidheapie §piNAl $oluian r ange
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torsion of the spinal column. Fig. 4D illustrates a part of Fig. 4C in detail.

The torsion model is based on an arm 65 connected to a rotatable axle

67, to which the vertebral column segment 55 is fixedly attached. Two screws

20  (not shown) fix the ends of a vertebrae column segment to a polyethylene

cement casting, cast within the plastic cups 57 and 59 as disclosed in detail

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 to the

25  axle 67. 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 multiplying 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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Mechani cal Exam nation Protocol Preparation nethod: the |unbar vertebral
colum was thawed for 15 hours at roomtenperature. Miscles were renoved,
wi t hout dwiea@ioagpeed! i ganents, capsul es and di scs. The end \wIT/Eb2/@®9Ner e
fixed into plastic cups 10 using 3 screws and a hard pol yet hyl ene casting
(commercially avail able as Por- A-Kast Mark 2, from Synair corporation,
USA). A 10 5. | Aistress+stidiimsetvermay itieen beaoniputed based arhthe metment @and tha
order to attach the col.u to the mechanical | oading system The vertebrae
at both si dB@HMMEIGELAR col umn are fixed to the central region of the
cup, while the ggEew bﬁ%&'fb&%%eﬂ tfis Q-'%u&y ar&8itih Sthef rd Maﬁ:hvabé@hﬁcﬁ s

novenent, which is a e center of the disc. Torsion an nati on:
prepar ed velanegel theolewaminad veriabral edolionn t $egralTRAYibac M, nal. as1996

di scl os r ei nabov r at in Figs. 4C and 4D. The arm65 is
rigidl fco:ﬁ eg%t Eﬁhgg%’téicg Ca@gl? 67 having a chuck at its end. The
chuck may be com@g{aqﬁcguggamnéﬁbﬁrpmtbaater screw attached to the 20

pl astic cup 57. "Thus, the axle 67 be rotated around the | ongi tud| naI

axis of the | uRveparfionimethat s’df@ bagsvertwakgaluptn twas dHawes fors 1

connected to the , | NSTRON br|d e 60

the part ofhotuﬁ% QJ? M9 E)%rp urlehewbgc%[sg grg r%%ﬁﬁ@ g’ﬁhf’\-’@ dd%'ﬁ?@ég
the | oad Celbbn@]tsar@bps}msoah@tdus&f Thé FpANRsttetbe Wstedfixadointd pldstie oapke 67
is 250 nmillineters he ot her 25 (opposite) end of the arm65 is | oaded

wi t h alQ oadistfg 2Gcrews eénd abhael olye le@e Qﬁﬁtlgﬁt(CQmﬁlﬂe@fﬂﬂanlaﬂaWBg?\S Roy

attached t | the t 65 at
a di stancer‘}%k%gwezl yrf?éﬁregrygaﬁ‘r%onb@%teﬁ% UétA) A @t'&gﬁ %eﬂi’(rjlrtd:"gl a e 67
to the ar mvdg fixdd té Racheglastic _opdh cﬁdéhtd afthch tthe cblurﬂgEto&Belrﬂemamdalto
position the arm 30 65_in a horlzontal orientation. The | unbar sgl nal

col umm segreadingsystemy§hervesiabias &t kadh sides ehthectested I‘F@"@S&n @r¢ fixgAdot he

St ous at  Ainesal fion CELE B0 Qi MR By BRIGLIORES DI E B S

rigidysl OGAeel@bmslnmawdmentcwmmﬂsat thdreceted of tiie diste 67 and the hol der 70,

respectively. The position of the bridge 60 at the time of |ockin S
(arbitrarily) sdiorgion Sxamination dyrrpargenyeréeliak CBNE‘E},{F é(\‘ﬁ%&o'f"@)e‘?qﬁﬂ(ﬁe a

load of up 8 48 TRON machine as disclosed hereinabove and illustrated in Figs. 4C and

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

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

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

the lumbar spinal cord segment 55. One end of the arm 65 is connected to 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 cell 50 and the point

of attachment of the arm 65 to the axle 67 is 250 millimeters. 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 attached 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 position 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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5 Newton on the part of the arm 65 connected to |load cell 50, and to nove
the bridge 60 down at a rate of 180 mllinmeters/ mnute (Fig 4C). The ot her
opposi t e Wea3to4ofe9t he arm 65 has a constant | oad of 20 NeWM@MLAZ 0G99
thereon due to the weight attached thereto. Therefore, the nonent was 5
Newton x neter. Once the maximumload | evel of 40 Newtons is devel oped (as
det ect ed b§7 tamel 59 aate Iiyidlgl Ibckdy withiretheNsiwes ahthe aads of @xde§7tanrd th

S br i AgBOHEY §Be AESRERNE 1 abhe RSN o) WU Bp dine f"ég@?qéégf&@v& on'x

met er norre(grbh,sdn[ﬁ%@fngg,ze% which point the direction of novenent of the
bridge 60 s agai'n reversed. Five consecutive cycles were conducted for
each test and theedbiSARE@N mashiogrivas oregammed dgumpeseamdoashel 88 1ByA49 he

n_ord 0 present esul t t
(f I e;<| n aﬁl&“’i g)ﬁ'sﬁ'@n?aréfgr#ﬁ:ﬁ%%% C&“{)‘?@% d%va(?rééljsgggﬁaq u@%gg@mnt
(such as, Bﬁﬂ%@mfﬂﬂvﬁh at BeafPONT0 ﬁmhmlét‘erSﬁﬂiﬂiﬁté (5§ 44). Filtgs othéApppasite
connected to | NSTRON nachi ne, such that the sagital plane of thgéeZO

col um segperitof36eiamubbities arsoasiant [9adapk2@NawienActingbersan gue ia
configuratig H;H-itlr?g%’atcheﬁttﬁgﬁtgxﬂgrefé@ thePRSHhas: \?/Bstdqglremhﬁ‘@(' m%fér“r@né@gment

55 corres 8 I on-ext énsi on novenent e colum was thus

obt ai ned. e niasmaniosef lsvBEoR 40 aNekoms! isrddi2lopsd: (ds Hetboted biidhedoadbr ae
in the novenent's direction. The test started

The 2801 neerlbrbly, e dbE TRONasashis: Iviaes dhe SEpdionaot seetprast g the
ml1ineter B{, ‘étoea%é ?E]%Qr‘?cgﬁéﬁt[ i'sr}%bée{s%?jtét Heféérrﬁégndgétmbvé\fnéﬁf fefte 91865

Newt on was a| ne escende ain at the sane speed
until a Cﬁfﬂﬂfr@éﬂsﬂmdm@)durﬁmra:@ 155 Blswienwxometarsmoarartids reaghas, @bnveelit i ve

cycles were conducted and the data,was synchronicall i red and pool ed
by the 30pPD! thedireeliqn %m\ﬂﬁﬁ@eﬁi Qgﬁaﬁgﬁygfsgéfsr%%@ns%}’%rsﬁgcurves 33 WO
03/ 049669 PCT/ | f 009 e utivs fo/@le%hﬁel%r %ndd&é@tf& b&cH 45sthard tHeedgtaswad 35
Newt on | oading torce results wton x neter nonent. However,, since
this il$ norsynaclpnnm:allmtmqutred laml wodiedmy theR(@, inardeste prasent theareswirdnt

val ues are p esenég h of the tested spinal vertebral colum segnments
under went 8 glrbgrqp ads and unloads in bending and in torsion at a

maxi mum noment gendmg (flexion and extension) Examination: A prepared vertebral
column segment (such as, for example, the spinal column segment 55 of Fig.

4A) was connected to the INSTRON machine, such that the sagital plane of the

20  column segment 55 is at the movement plane of the arms 53 and 54 (See
configuration illustrated in Fig. 4B). Bending of the spinal column segment 55
corresponding to the flexion-extension movement of the column was thus
obtained. The two arms of the extensiometer 62 were fixed to the vertebrae in

the movement's direction. The test started with a load of 35 Newton. The

25 Instron’s bridge 60 was programmed to rise at a speed of 180
millimeters/minute, for generating traction forces, until 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 presented as stress-strain curves.
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5 Newton x neters. Results of EXPERI MENT 3 Sixteen pigs were enrolled in
the study. The allocation of the animals participating in EXPERI MENT 3
into the Wior@®4¢gmdups nmenti oned above is 10 shown in TABHETALOZVWOW. Each
of the experinental and control groups were subdivided into two subgroups A
and B. Specinens obtained fromsubgroup A are designated for histol ogical
exam nati on andSintesthd armebiEryip i8 45 mibinteters)amidbaNeawtani lnadingnfora“e\BLE 3
Ti me Hi stol ogical Bionmechanical After Astieésmnt Assess nt To}

J

(c::gl I aglen ( Bolipasy Newirj supaisr aemenh; BEWRYRAN ofNEF gBIS I8 HOF i i &

ntro 6

vont e v Roe b8 2 FROHLRisS ks FalieR (AR HRR A aluds B Breseited: P 4

i/lg Spi nal . . tU3 EECIiSONth& testeld spn'[eﬂ)r\ememralt ielupnmy’ segilnenfgnaﬂ@@v@ni . Pig
vvas used to t

Under $he SirigS of lisarnd Uhloads i dory TR EiadaliretheniPr, aoc"

5’%‘?‘. hgiRRet
03/ 049669 g@;fév{,gﬁgz,( 0R99%

Ilnked collagen was |nJected in 2 out of 4 of the
degenerated discs, as di scl osed herei nabove. Reference is now made to
Fi gs. 5A-5D whi EBsaH@oKE%ﬁERINMEQOf parts of the spinal vertebral colum

of Pig VIO ill ugt rté%ﬁ n%’gst Oveer'e netnerBIYeec{ tn‘%a %3 lst&&%ﬁCiT'ﬂ% Qﬁ(j)codrtion of the animals

participating in EXPERIMENT 3 into the three groups mentioned above is

10  shown in TABLE 3 bellow. Each of the experimental and control groups were
subdivided into two subgroups A and B. Specimens obtained from subgroup A
are designated for histological examination and those in subgroup B for

biomechanical examination.

TABLE 3
Time Histological Biomechanical
After Assessment Assessment Total
collagen (Subgroup A) (Subgroup B) No.
Injection of

Pigs
_ Experimental Control Experimental | Control
Group Group Group Group
4 days V10 _ - _ ]
6 Months V11-V12 V13-V14 | V15-V17 V18-V20 10
6 Months | R10-R11
Epidural / and _ _ _ 5
Spinal U3-U5
15
V, R or U — represent the pig’s designated group.

Pig V10 was used to examine the feasibility of injecting cross-linked

collagen under the image intensifier mobile Roentgen machine. Ribose cross-
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5 to and after intra-discal injection of ribose cross-linked collagen, in
accordance wth an enbodi nent of the nethods of the present invention. In
pi g V10, WO03mdddep| iters of porcine ribose cross-Ilinked cddTAgen00997
preparation was injected into each of the intervertebral discs at the L2-L3
| evel and the L3-L4 level, using the injection systemillustrated in Fig.
3. The 10 [miesbcolaganasas agjectedting auitdfet obthet degeneratededisss, @sydis¢lesed
pressure sensing unit 26 of Fig. 3) at the end of the injections at the
L2- L3 | eveCEHRARRYE- L3- L4 | evel was approximately 9 at mospheres. Figs. 5A

and 5B represenpgf %n&%rfi@bf?\ivfm&&‘étd Pidsh 8 ALBIS WHiciP hre/RLrbg Mhages 3f pand of 3

prior to and imredi ately after the injection of ribose cross-linked 15

col | agen i theospihal vertekaabicaluain afifRige/1¢ Bluptsating theyinteryertelgral spagng dhiolas

taken after the insertion of .t.he.injecting needie in ' ral
di sc sgace{%?ngr‘?g{érdp 2-4ieElIURCY Jf)ﬁﬂbg‘?é % ﬁlﬁﬁ_eg %cﬁkatgggf éﬂ;é@@%@éh@é’

i nj ection gfithtditembBafntnttifate ntsthbagentheprdsent irveatiomj ecti ng needl e 38
may be seen entering the intra-discal space fromabove. The screws 60A and

60B are the cantrelpigu/tr dves miliitaeerefedareing 1Rese2 CER$-inkede rqolipger

respectivel as,.di scl osed Jjn .detaj e| - o) h

I 1lustrat eﬂy‘?%rﬁ'ﬂq 5‘%3M@g?t$ae'ﬁ%l %@Pgﬁg W%?’? ?ét?bra]%ciénathgﬁ?ﬁ_%fg?é v
appr oxi mat ghy thed LBLL4 ilbiélerdsing thé bipfetionosgstemilkatratdd dgefig. Iavi fige a
concentration of 35 mlliliters of porcine ribose cross-Iinked coll aaﬁn 25

into tife Lpressuremensyired it the autlet of theaWings\ihiPy e pegsee $esNGHbi ng

machi ne duypi th | Ly I ' L R . - crews
504 and 608 Ty ELUNE Bptikianb RRRRs HTBR TOIPERAEEMNE IS paRYST
i mages in W dpebdmaély\Eatedspieréd and L4 prior to and inmediately after
the injection of ribose cross-Iinked %g cal | agen into the ig}ra-di sgil

gyt hY& t he

space, respecti Vigsy 54 angi5g repeesgitdine magksAp the redian of Yererff

i njectin d ' hg, LN | ; dj

ver tebr ag PH0akd PIIOE "By ¥ Titelly StaCHie BRRfEN 20 itse | bRksTRkeEST
03/ 049669 R6TAddrD#t6aA8 Tintraaliseed espacparespeictivély. i i Bigt iSAy whichdwas3igkeay be

re the caRber Iuserian el tejuisclBa nertls Moo e otab pLAChage bl 18"
respectivelyge Betwleitl&tsistakn sletdl 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 B60A 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 milliliters of ribose cross-linked collagen
having a concentration of 35 milliliters of porcine ribose cross-linked collagen

25 into 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. 5B.

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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her ei nabove. 5 The X-ray photograph illustrated in Fig 5D was taken

imedi ately after the injection of approximately 1.5 mlliliters of ribose
cross- | i nhedo3gaeddeagen having a concentration of 35 m |l i |IRGTALS2/6f9DOr Ci ne
ri bose cross-linked collagen into the L3-L4 intra-discal space, w thout
moving the pig or the inmaging machine during the entire injection and

i magi ng prcolledene paffthef ther imyectiBg/meatie G8BMayebe seeB earteling ithe) intspdistal

obtain an indication proportional to in rtebpal i

(i ntervert3RE TOFARRRYSE: of li‘?]escifﬁwan%51€33'§'/‘i%§r § g%d C%?'B%Logfﬁ_ge'éer\{vas L4
vertebrae jagdiiShadGReDES WERN IL48/cHRBPSE,NEesRICtigly a@swaisclazasU e dietail ect | y
on the X-ray filmand the %difference was cal cul ated fromthe neasured 15

val ues. Theereimallave. of the X-ray film neasurenments for pig V10 (in

mllinmeters pven in, TABLE. | ow. ' : Ve I

Cepar abi on As miggdkie phioren kIR in FREER HeEeRE) IGMGEY SR
Inj ection N @fjebirecdfi BPproxnap. ¥5 Omillilitéfs of riboded cPossslikeBS coidgart i s
noted that the 'values in TABLE 4 above do_not represent the ac(iual 20
val ues of haeéngra eoneentsation of SamililiterssolviPeraine NhesE; Gopsrinks collagen

proportional t.0 e val. : r lt.S 1 r 8 g FI 1 and
in TABLE 4'”5%&1"\%L§1r1e43"f‘ﬁ;?%%§%3p§2§tWﬁﬁ@r@é’{r’*"@gﬁ%lpﬁsggEHeé;'”:':ér‘fﬁ'E RS 570
L3-L4 | eveljgrin@tiee sHtret aictiohland innisgpesteafurer The bossvsc82A sindi 6R&dre

col l agen injection. 36 WD 03/049669 PCT/IL02/00997 Four days after ribose
cr oss-l0i nkaeer # FiglgéR- admi ni stration, pig V10 was sacrificed. The four
degenerated dis dhelr. ] dbisﬁ,t etPtAS EFB&Y i j cal
exam nation as glgsgpgas"édgﬂﬁelp tejﬁ%g ngt |éc\é\?{lllaoo\}§% V\ereegregﬁpljg%éédrﬁ%fopmtm
subgr oups. (iRiegseriéiraVbpavibgy ofSthiedi aad Edrvertekirapaat|agiheal-3eand uat i on,
whil e pigs V15-V20 were destined f?r bi orr.echarll_{ %al eval uat i ofLy 'I('jhe fl
degener at i verta@el thedisanegeiwean the oprgsipgoveriebrae was measurea  directly

on the X-ray film and the % difference was calculated from the measured
15  values. The results of the X-ray film measurements for pig V10 (in millimeters)

are given in TABLE 4 below.

TABLE 4
Spinal Intervertebral separation as measured
Level on X-ray film (millimeters) % change
Before Injection After Injection.
L2-13 0.4 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 substantially

increased after ribose cross-linked collagen injection.
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in the V11-V14 pig subgroup, and in two discs the V15-V20 pig subgroup. The
hi st opat hol ogi cal and bi omechani cal evaluations will be conpleted by Q1
2003. 10 wo @ddddepon to the 6 pigs (V15-V20) in subgroups ET/Beyn®ats of
the lumbar vertebral colums of two additional pigs having approxi rrately
the sane weight and age, which were not operated, were exam ned fo

bi omechani cs, Bour daysdafier ab@%%@mﬁsdtfﬂﬂeﬂofFOHQQ@O@d(rﬂ'ﬂi‘ﬁi@S'@ﬂap@dV'l0 was

non-i nj ect ed) . f or, ner.a 0-R11
and s s SorPaBte 1exist o oaparaid aies Bl face RS broceisnd 0 T
R10, whi chhjgkstodisalesiaptinatior BE dlﬁd@dihér@inabbﬂal nal ) space all the ot her

pi gs had an epidural injection. pigs participating

wer e Igener a: ly PiﬁlSaV\'l'éT\@(bd‘tﬁiech@élpﬁﬁdﬁto AMQ SHREFPURRd Fé{gs \Eﬁgngl Wwere °

neur o g|c r I r 20
observad | qesiiFaBr T Ea IO s BRGRT A st W&E%%%*? aurtat rom
Experi rrent bidmidtharikah evhkatiohesTise *d/egenqaartlf/errn@dblomes cteated il {ueevdiscebr al

colum segments harvested ten (10) t h ' t h
ogener at | BYInPIV -y 1930 HaOIG, ! Briwpatiees e Y5 S ROEuBGrdl Lo 3 and

25 disc L3-14 W‘?hgal# ?ﬂoﬁ)ﬁilﬁﬁoqﬁél ahd W&ﬁgﬁ?ﬁlﬁéal' é\'iﬁﬂ@gtlw Wlln%ecéﬁd‘uﬁwééd at

the fourth nont uction o nodel DDD. he sanme nechani cal
tests werepy@er2003red on a non-operated virgin vertebral coI um of a pig

The TdBted pi ol acioh: i S dbpigen &V a2 at Sibdieiing HnsSiedor Thehi o
cni ne
as 30 di SCIm&g \#éhéiﬁép¢16|uﬁﬁfseéﬂ%0é(&dutlghén%n eﬁb@iﬁpoépﬁr@ﬁlﬂhdtgly&ﬁd segphoadi ng

were perforne or eac the three harves ums at
physi ol ogi eeight aargk sgepfwhich Nesteonst operated, weref sainiiechier biemamtiadics. and

torsion 03/049669 PCT/1L02/00997 The r
neasurenen?@g\ok'%e%tﬁﬁré}lsfgﬂ AR Cen @ B%'%Ifnogr?@e%]tgaﬁ\%{% @?G@BE@J gﬁ%el oW.
Ref erence Haq 008/ fBd8idconbtes: 6A-6F which are exenplary schenatlc gr aphs
illustrati ng curves representing exanples of results of flexion

experilfents per Fimenpigsorfpigiss8eRt §h§ Warkifaof HE\'eE&)IQ!PQHG)séwg for om

safety evaluation. Except for pig R10, which was injected in the intra dural

(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 creating the model of disc
degeneration in pig V19 and pig V16 of TABLE 3. In pig V16, 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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control (Controll) and experinmentally treated pigs (pigs V16 and V19), pig
V16 having intervertebral discs injected with ribose cross-1inked

col | agen, wiow3/ae@er dance wi th an enbodi nent of the net hodP@IILN2@IPT esent

i nvention. The graphs illustrated in Figs. 6A-6C are force versus

di spl acenent graphs. 10 In the graphs of Figs. 6A-6C, the vertical axes
represent t heTheresiliscfithg noechanical measiBenents\arg sursmaiizedtin &igrBA6ht al

axes represent. L spl of the arms of the extensionmeter 62. The
graphs il &8 r'%b@&'&‘lngﬁ Ségrﬂg?é gEIOéN'e al so force versus displ acenent
graphs. In theegramits i9fndw 4padE BB Figd. NeABET WHieH =A% esxarRplRs &thetrdic! or ce

(in 15 Newtons) acting on the arm 65 due to the novenent of the bridge 60,
and the hographs aillusitaing e guessnt represalitingl s@meples ofoft Hesults dge #exion

(wherein zero .displac n rbitrarily i ndi es.: ltd t

bri dge 0 SroeraeR PRAPHHCA S blreBblect plo) i ShiP SRR, setadtits g,
represent GBAtrbPICEhtHH SHAC [xpRriareE i trédated Pigs (pid8 V1e ahtW1 D)y pieV16f
f1 exi on neasurenents perforned in the spinal colum fromthe controll pig.

In Fig. 6Bhaving duteresrtebrakpdiseeninjedied Fuithe ripessusrosssiinkace ralageqatia f or

the five cygl f_fl.ex] r | L gl .col um
fromthe pi)ééc@sijg.%c? h 'ﬁfé%&g’w'ﬁe‘%ﬁgﬁﬁ*‘% @gyo%p@gg%%{é%ﬁﬂ#@g n\'/er g us
Di spl acenent Tiaé grashs fllnetraiedeinayigh e6AEC treforcs wersumudisplavemant igraphsed i n

the 25 spinal colum fromthe pig V19. The displ acemfg-tée al ues are %L}]ven in
centi n er 4n theigraptls elFiBsgoANHL, thravartica) @X88 TRRESER Fe &Cting NG dl e
part 80A of, .t he, . 1S\l R \/ | i

relatively aé@aﬁ S&L*g%@%g%) \ﬂ?‘ldc%g ﬁ@grdééﬂ%{%%trﬁg%réggﬁ gﬁélglléﬂt’l)aeérﬁﬁen@ %fftpgxi on
or extensi annsidf thdietersienetgplolcat i on 30 of a relatively small force

e ati vely | afge GrPERs SSINEH Brkionn BBFSF e BRRarcs St DBRAREIG ng
t est ed. Thgéé.ggﬁ / m@? 8@%@7@83 Fgg‘%céﬁ—ﬁFhﬁweCUér‘ﬁ%aﬁgxéé?Pé&%l%lﬁt {HRVRITES (in_ 38

WO 03/ 0496 egions having a relatively large slope, in
whi ch T%2gi dNewtbhs) agiirig oattherarof 66atugeto theomorsmeané ofi deelbridge G0ndndethe

O e kAl ek Soanch S Hila0Re81 o e, Blfie A0 PR 1
displacement arbitrarily indicates the position of the bridge 60 at the beginning
of the test cycles.

In Fig. BA, the curve 80 represent the Force versus Displacement data for

20 the five cycles of flexion measurements performed in the spinal column from the
control1 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 iFig. 6C, the curve 100 represent the Force versus
Displacement data for the five cycles of flexion measurements performed in the

25  spinal column from the pig V19. The displacement values are given in
centimeters.

Turning to Fig. 6A, the curve 80 has three parts. The middle part 80A of the
curve 80 is typically nearly horizontal or has a relatively shallow slope, which
represents the region of bending (flexion or extension) in which the application

30 of a relatively small force results in a relatively large vertebral displacement,
representing a relatively large flexion or extension of the spinal column segment

being tested. The side parts 80B and 80C of the curve 80 represent movement
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5 spanned by the (linear or nearly linear) mddle part of the force versus
di spl acement curve increases as conpared to a conparabl e non-degenerative
disc. In Wop3/8meot he curve 110 represent the Force versuse@iBpl/emenent
data for the five cycles of torsion neasurenents perforned in the spinal
colum fromthe 10 controll pig. In Fig. 6E, the curve 112 represent the
For ce ver siegidiissipd\ing semlativatyalafge slope, in whichyregionsdhetaprlicatioehRigeirent s

epr osent. orveae L indare a dstrereRLfanif ing RuSq edlen 08 oFfHiee 114

torsion negsysepents performed in the spinal colum fromthe pig V19. The
di spl acenent val ues represent the 15 displacenent in centineters of t
bri dge 60 fr diypiwallpr bi degepetasive iptarrertebeyr disesit they f@'?ﬂ? ﬁ'?ﬁ'%ﬁe'ﬁﬁn{]he

bridge_60 at the I nni of the t

her ei nabovePa ?Wgﬂ't'% @ﬁaaréﬁ nfa%@ We%i) 1@@%‘% resent sﬁ? Hc? svglr%%serrent
of the br'@@glac@%e\fﬁroﬁ% ifeebsdsas lcoatpared tthex sompafakile mdndeganerativ on i n
t he | unbar I nal col um segnent being tested, as disclosed in detail

her ei nabovdis¢in Fig. 6D the spinal colum segnent is fromthe controll

pig). TABLE 6;: renen of 4 Al Rij&t
desi gnati on %IJ iﬁd\@gg%i g}ﬁ 8@&%&“0 ?%Dar Q&lt(tﬁ?qﬂc&nt rg’%@) 8 Vl%ntldlS 4 fo(/l
19.4 25 Thp frasyI&sBNtorsibntrieaggenicnts pérfoimeed or hiecspinalstatursh dtam the TABLE
6 were performed on trated E

d

a parts the curves 110, 112 a i

A gs. 16D, caRralh@iGFIN Fik §6 the slipye ﬁ?rf%%ﬁ%%h?%q&f%%}"é@élsﬁép'ai‘i@eg
at the. beg i i Bk B8 Bt bR R e e B e 1 e

SPSpFZLEﬁSK?“‘OF“*?h“‘SQLY?S e e ot (¢ bo Do 5 ane. ot

Shoun on " Difslasameat d4aia Tondhes ke cufles PAIGTBTRInerF K ST S s map dn B
gg{ g:m Eggs@ﬂa hRiurflhSRLAF #RENLig2¥18. anthd RishatslaentivaRieic egmetentiige was

15 dlsplacement in centimeters of the bridge 60 from an arbitrary zero point

representing the position of the bridge 60 at the beginning of the test, as

disclosed in detail hereinabove.

Turning to Fig. 6D, the curve 110 represents the displacement of the bridge

60 versus the force loading the arm 65 (to induce torsion in the lumbar spinal

20  column segment being tested, as disclosed in detail hereinabove (in Fig. 6D the

spinal column segment is from the control1 pig).

TABLE 6: Measurements of Torsion (range of displacement)

Pig designation Bridge Displacement range (cm)
Control1 18.8
V16 18.4
V19 19.4
25 The measurement 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,

6E and 6F, respectively.
For each of the curves 110, 112 and 114, two points 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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subtracting the displacenent value at the point corresponding to the end of
the 5 third torsion cycle fromthe value of the displacenent at the point
corr espondingp/049@9t he begi nning of the third torsion cycl eCTIABLE9T?
Measurenents of flexion and extension (total range of displacenent). Pig
designation Total Extensioneter D splacenent Range (cm Control | 2.0 V16
1.8 V19 1dBplackinditefrthasuidgadt fofthedeetwe points (the pdietsf arexiairshamsh on

t i t est h i TABLE 7 | f d th 0 0 d
T00° 111 ust fiR ciyes 19T gbe eaKke ¥ sldto! Mughaben BeyS eelEbag o dhe
curves 80, g)%@aadé%érﬁo axiEh%nHOEHé)‘Mrlagefg%gg%’neemaﬁang@ weedidierndakar py ne

the total ensi onet er di spl acenen The procedure is explained for
t he parti celbiractimniieedisplacement 8alusf atFihg. p@nt canespaorgling te-the esd of thée

int 85 ts th ' of the fi | nt '
he  rver S BropRevale B BF it bireiBparotinst 4 i1 BATT RFETERIN bt o
62 for ea’fé‘tl—f‘e\’ﬁ%@nﬁfngtd’f%éitl"ﬁgdAfd@ibﬁ?clyblé.the upper |eft quadrant of the
In g. .

graph illustrate 0 FI Simlarly, the point 87 represents the

average position of the five points representing the reversal of the

direction of it..of the arns.pf .the extensi r for each cycle

of the five c'%éggef-d\"?ﬂ%‘lrﬁa‘ms Pfﬁ‘ﬁf‘%&‘&&'r ?n%?ﬁ)?@kag raﬁé%ﬁf)i | lustrated in
Fig. 6A. The pesihtéRrn® the points 85 and 87 was visually estimated. The
di spl acenent values corresponding to the horizontal 25 axis coordinate of

each of the poi nts ®ig daesigdatioer e det er hotabExtensibroater iispiacevent he
di spl acenent flor point 85 was subtrgcted fromt dj s(%h,ﬁcement val ue¢ for
point 87 to gilve the value of the tgtal extensi r spl acenment fange
for the 40 W) 037049688n{a1H/ TL02700997 curve 80 agfgFig. 6A This yal ue
represents the_total (non-linear) range of displacenent under the
experinental force usedVFr the curlves 90 and 100 b8 Figs. 6B and 6C,
respectively the -sane V19 166

10

The measurement of the results of the flexion and extension tests
shown in TABLE 7 were performed on the curves 80, 90 and 100 illustrated in

Figs. 6A, 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 graph 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 displacement range for the
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measur enent procedure as disclosed in detail for the curve 80 of Fig. 6A
was 5 used, and the values of the total extensioneter displacenment range
are gi venWon3/0IM8bE 7. In TABLE 8 bel ow, the results of nmetSumLeremys of the
mddle nearly |linear part of the uppernpst and | owernost flexion curves
for the pigs controll, V16 and V19, respectively, are shown. The range of
di spl acerremrves8@|(wfeﬁ|g nBA10 Thisnvaluet sepresanisLthes ol dnertisaar)oranasr 0?

Ext ensi one esi | ace range for Displacenent range for
Upper cycl Nﬁﬁg %@%thfﬁgng@nﬁ]&r &% (cm  Control | 0.56 0.54
V16 0.6 0. 58 Vli& thebBuRe3290 Hiftl MBO-SHff BigENBBOANE BT, RSpktivaly thdesaiexi on
and extension tests shown in TABLE 8 were performed on the curves 80, 90

and 100 i ||rr1¢gxsu@m@|nﬁ mrqcegyre a&@l@@S@BIrhd@taddor ﬂ'&%ﬁé‘@ﬁ 8819 FigoPAdah of

he oxbencronbell RAAde ALE bHiIBplRoRicasT N RoARE T By GRpRTT "

portions ofABpE nearly Iinear parts of the experinental curves 80, 90 and

100. The procedure is explained for the particul ar exanpl e of. ve 80 of
Fig. 20 6A. Turhi A4BLE © gelogy, thﬁhﬁestﬂ'ﬂ@rﬁfam@ff‘ﬁldfemﬁ'ﬁ eng ﬁ%ﬂ g

force/disp Shed |1
five cur vtﬁ%ﬁﬁﬁg%ﬁﬁnﬁgi%bﬁ&ﬁgﬁﬂg IO%ﬁlhe cuér goretg\% ;5]%& g?ﬁ;/n at he
di spl aceneyt 6ranty¥ 19y eespéutively; kee fshiooa. ditep rangemeh displacementsisngiven yn

linear was visually estimated fromthe four curve portions 80AL in the
| over lPart COMIMGEr®5 curve 80. The first cycle portion 87 was ignored since

It represent ST A8L f the 41 WD 03/049669 PCT/1L02/ 00997 first cycle of
the curve 80 at |ch t he hysteresis behavior of the curve 80 has ot yet
stabilized. The di pig acenent vBkieesiopesteespondi ng t &xténsidroeiezont al | axi s
coordinates designation | Displacement range for Displacement range for
Upper cycle portions Lower cycle portions
(cm) (cm)
Control1 0.56 0.54
V16 0.6 0.58
V19 0.66 0.62

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

in TABLE 8 were performed on the curves 80, 90 and 100 illustrated in Figs.
15  B6A, 6B and 6C, respectively.

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

20 B6A. 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. Similarly, the
displacement range over which the force/displacement curve was nearly linear
was visually estimated from the four curve portions 80AL in the lower part of the

25  curve 80. The first cycle portion 87 was ignored since it represents part of the
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corresponding to the average end points (nor shown) of the group of the
upper 5 nearly linear portion group 80AU were visually determ ned, and the
range of Woeomeamby | i near extensioneter displacenent overPQImEouppPer cycle
portions was determ ned by subtracting the value of one end point

di spl acenent value from the value of the remaining end point. Simlarly,
the di spl drsheyde vhthesurveod atphieh the bysterasisgrehayinrnf tﬁ?i%’“ﬂ%éﬁ&laﬁat es
correspondi %io@&ﬂe average 10 end points (nor shown) of the group of the
| oner nearr]c{i Pt REM958rti on group 80AL were deternined, and the range of

the nearly |inegje gxpRiREHATRValuesdisfspoatrY todherhdrizentgh@eais eoprdieatesr ti ons
was determ ned by subtracting the end pojnt r%l@\sl\}ol a &gent val gﬁ}s as

di scl osed dnsrespaadingsto theeawm@ﬂdhle@n{‘)%mf ,'})é% Q GhPUR RE S HBRE

di spl acenent rt I In A i f '

moverent  drked ee® Bopth HERPJ0AYCHRte EUaF geRATL arSRNETInGOL R, of
Figs. 6B apshrfClins&s pridnsicthster tdisplacermentreast thereumiperr oyde yrastians dvascl osed
in detail for 'the curve 80 of Fig. 6A v¥as uasd, atn‘g tgg val ltues|offthe
range of dieipimaiededy stbkaeting Mearalyel ¢iNg SR AT 2EPIAEGITEH gRIUe rom

ext ensi omatbg \\;gl'u p:@fotﬁgﬁpéméﬁlﬂ‘&iléll\ﬂr 0 terfffh‘ﬁ‘lﬁﬁ%f e tdigplapERentNdiudpver

gr oups of ortions as d ose or curve 80 her ei nabove and the
val ues obt@irrsshontiingto ene horiZ@BaEagisatumrdinates carreseondieg to e avVRERSE i s no

ignificant diff bet he torsi Its_of i 9.
The'r dige @10 imatTiBANGr ShRNGH: 6 aoupopt e IGHe! paafly Biedt ghfbrt el
l ess than g@,lg}tay\;vghtg@eﬁﬂ%aoleglmsgrép}@ ok I pleLheaftpr lindif Ekensiometad

extension S e range of acenment for the <colum of pig V16 is
slightly |gdispecetamt dveatthefuppke cydet partiops wasptigtesminacoby )subfiacting éhe

di spl acenent range for the colum s nt of pig, V19 is larger than the

di spl aceme®id PQW@Q&SPE‘?C%"H%“’W%U%W %%%Fosﬁqg"%gﬁ%%g The range of
instability as 3 i\5ReHULHpindd Erdpfaint tAE fbge! dMaidplaTeAtng foatiie of
the curves is s-glqrr%v\v%zlﬂt ﬁg{sger&m pi gelpV16 t han thgt in tﬁe controll pig,
and i 35evenerdy tissar midulg regiont dfaspinalrcqumgnunevemeniyondsy texrerimental
PCT/1L02/ 00997 Fromthe clinical point of viewthese results show
preservati CQHSedexi onal and torsional mechani cal properties of the col umm

of the pigs whigh peceuned dB&nd 100 of Figs. 6B and 6C, respectively, 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 middle
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 control1).

For the flexion and extension study, the range of displacement for the
column of pig V16 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
larger in pig V16 than that in the control1 pig, and is even larger in pig V19 than
in pig V16.
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t herapeutic injection of cross-linked collagen into the intra-discal space
of nodel degenerate discs. 5 The flexion and torsion results shown above
and i || uswoasadodon Figs. 6A- 6F indicate that in accordancETUHLO0®@AT

enbodi ment of the present invention, it my be possible to therapeutically
preserve at |east sone of the mechanical pro erties of degenerated d| scs
in a manmal by Fron fhelckniehl pmljltetﬁt\ll@m tgsearesuit ajsé@waweéewaggar%ff lexionat

ri bose cross-linked en XPE d
o dot er m A% {HETE GRCBANG G0 gRaeutnd Mg KBRL A hetfiiegid o M
syringe 33th%Fé;9eut@m?%ﬂth# c%@SWe@ dmnta@eﬁ itfoethis niea-disbias epageaokmabiet he
disc 30 (Fig. 3) at the end of the injection of cross linked collagen. 15

Three vi r?d]egﬂegete(dlﬁﬁbered as Pig 1, Pig 2 and P| g 3) havi ng
approxi.mat el y ne S ced.
The | urbar vertgﬁ}i’%%eégl\ﬁe#ﬁcmorg%gl egy E/%ggig\\l/\vgr@eﬂa arves tr\égécﬁllnsgpose

her ei nabover angdichteetitt 38 aacebrddmeel with- anagebatlintdre ¢f3thle4prefsee‘amhehumbat
vertebral colum segnent were injected with 1. 3 mllili te O}‘T}gp%rm n
c

ri bose 20 madsbemQﬂSMp d@lthsweqﬂﬁﬁ@bpé&ﬂeév%@é aR%h ?’%rﬁeh% anica
concentrat éngﬂseﬁtf %f %dén'egét%ﬁséfg}: lhlétrﬁ?m‘i’ﬁal intFARIISEP ligBLASh of an

(illTustrat was~ use ormng the injecti'on and pressure
neasurenen&ﬁe@ablélmebam@mof rﬂlﬁseldrosé"-btﬂm@dleddtazgen The pressure at the

outl et of the syringe 33 was neasured | osed 25 hereinabove by the
pressufe sensing unit 26 (Fig. 3) f the injection. The

pre th
ssure in eThgng;(% ,ﬁgaga%ﬁ RGeS W eftind el RIATOT BeRlaabIe DY

the pressure sensin of the injection. The
resul ts of ptdssups atsﬂweummﬁmhesgnm@e a8 ¢Figudrandzbe pressumglvithin theeino@r 30

£3 Y0 03/ Ohabos FCTL W02/ 005 cIADLE .8 o) SYEIBE R e AL,
t he inject b8lrhgen.
15 Three virgin pigs (numbered as Pig 1, Pig 2 and Pig 3) having
approximately the same weight as Pig V10 of EXPERIMENT 3 were sacrificed.
The lumbar vertebral columns of all three were harvested as disclosed
hereinabove and the discs at the L2-L3 and at the L3-L4 of each lumbar
vertebral column segment were injected with 1.5 milliliters of porcine ribose
20  cross-linked 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 pressure sensing unit 28 (Fig. 3) at the end of the injection.
The results of the pressure measurements are summarized in TABLE 9
below.
30
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di sc injection (Atnospheres) (Atnospheres) Pig 1 Pig 2 Pig 3 Pig 1l Pig 2
Pig 3 L2 - 1L312109 7.57 6.5 L3 - L4 109 11 6 6 5.5 The results in
TABLE 9 abev@/dp@pcate that outlet pressures in the range PGIVILO2/ABI7

at nospheres nmay be used in the injection system 20 of the present 5

I nvention w thout causing disc rupture. The application of such pressures
at the outTABLEf9the syringe 33 resulted in the devel opnent of intra-discal
pressure | evyels within the range—of—5-5-+7+-5—-atmospheres-dt—is_ngted that
in the inject|i oINS med | Presspieph et st ang E&@Pﬁ@eﬁ?uﬁnﬁn a 22G
needl e was used iebfaldecl | RYrAGE at tHEENS b 1 @]  tHDeRd &€ the infetibar de
applied to the rdggﬂ% t%gf thegsly I nge 33 did not| exceed 450 Nevrﬁtons. In all
t hese experients,disdier e Wasnjeotioh&dimedgherésakpge ofAtmesphergect ed
cross- | i nked (collagen—rateriagl—from-the—poi of—entryrof ther 32Gaeedl e
into the anndl us fibrosus|ofid he irﬁ'g el Bigs3. F'E\&Ler;%'ge% aletﬁgjr tlhe

i njection negedtgowapW tiargyn fromgne[digc (At ZHe pndzof [ he pressure
i njection of [the I5 Col |l agen preparation), no | eakage bf the coll agen
preparation as qB3setyed [fram the panct lirettregi o® of | t h& anpuldus

fibrosus, indicating a good seal lof the lpuncture—radelbythe'i+njeetion

needl e whi ch prevented | eakage of intra-discally injected material. The

resul ts of the L (R STABBE! i G PrbSeishE 3 b tange20 the
_FHeselfRNGTABPE PaBdd fidiAie tucodid o _

drawi ngs indic e intra-discal 1nyectiron of cross-|inked col |l agen
pr epar at i o 9-Enatposplesrabl mapriepasat i inntheciojectioni system; 28 tefthe present

reconstituted _atelopeptide fibrillar type-1 coll.agen crpss-1inked
D( - ) ri Boseinyeptiasy wihaet causing discdup! Gciylrpnf q Qag?ﬁi#tsffcﬁr%e%sfur%%% scs
of the spi {gaﬁetcgé s Hﬁ%ebﬁs reSifidd E!Hé'%l'é BRphfeHtSofmirk-tiBeaapRIssuR

or nS

Vi
procedure treati man patients 25 presenting degenerative disc
di sease ( Dia:lssyithih ¢hs rarge ab5.8-pbatmospherest reat nent in patients which may

b ted to pe tjible tp DDD. .The 44 WO 03/0 997
b 6ot on’ et noll ol gadu ithe criegibhs pelfoniind o "GRPERIMENT e ho, o
mechani cal CREHIGIENF £Twhé SPGBt WHS 186H Y6 ctipigt thedhtdrieftéledl t o,

the distance or spacing between vertebrae flanking the injected disc(s),
t he fl16xi odisks, the force applied to the rod 35 of the syringe 33 did not exceed 45

Newtons. In all these experiments, there was no observable leakage of the

nt
J 1L

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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and/ or torsional nmechanical properties of the spinal colum, or other
mechani cal 5 properties of the injected disc(s) or of the spinal colum of
t he pati ew0 03®42de9 t herapy as di scl osed herein nmay be useddmiLer/o@bia, to

i ncrease the height of the patient by increasing the distance between the
vertebrae flanking the injected disc(s). An advantage of the nethod of the
present i nngadtionnmiethachataylbe used, heterlailaldbumwovm @crastorenee tHeMaisc,

the specific ress ra d for ctlon dt g I
properti es"5F ?'ﬂ'@arrﬁ’f rﬂgs @Ie gplnal ﬁb rﬂ%rlgggg%}@ Lﬁ 'ﬁ@ lra ﬁ?@g?aﬁﬁé‘
spaci ng angistdiRel SHSPACREE PbtvRIer RSitdtiraé ifldRkiplg theiinjektad msc@ctharﬂeaainal
properties I1s effected iTmediately after injecting the disc(s) and _ does

not dependaidior taraional memaeloghpmpeuﬁewfemee&nm@fcowr@m fj ether BigchaRiaane

i n-vivg 15 i nducti or . buil o] e h

rest or gt i off" O@Pﬁl’ﬁ& PEH% "Hﬁ?tﬁgs@)g&% g%ﬂgt%q% ocl)%\r/)egf {an%t B%{%watsﬁé

term ef f ecreraby h8Qiddletdmerein ﬁﬁy@usbdi(ihm@ﬂiah’wlacreamythalrmmghtmxflthele t he
in situ deposition or production of prot eogbycans Wi t in the intra-discal

space or wpatgni hénaraasing ébecdlﬁtéiﬁcﬁlbﬂi‘éléen Bl veitebraat I@I”I(ng thej Wigdted i nt o
t he treatea g Z and may al so include 20 contributions due to |longer term
grow h or E ration of nucl eus pul posus tissue wthin the intra-discal
space. | n applyiAw adbantlaer oihei methowpof the pegsent inventionl isrteatadde to the

concentrations of the injected cross- I|nk d col | age repar tlons

simildP Mobﬁ@sekwtﬁﬁéﬂioathQ/Qlﬁ(}e%h%ssQ&CI g weﬁéu%ﬂ?é%l%ﬁ 4P g Iﬁ%essur e
I I th 2 f
evel W "hAd ® thE o Weﬁwerab R ﬁeffear ﬂI%Itér.QIe t'h@ fifedseNge ©

0.5-12 at nbspheres, e range of - 8 atnospheres
and the i nJrﬁt@rtvecIebrdluspacmgedndayhé)elmmot/Menhr@e restomaiﬁarﬂ & rspinall bioer s,

dth [ trat b 1o 55 ] f | jnked
ool agen. pEISABNIH TEPOBES: B etvaromBrdiieicathr NgbRe e cfisfavapt™
noted that dBQ? nﬁpaﬁﬁeﬂa g&ﬁéﬁ@ﬁ&%é‘@ﬁoﬁ?&n@%ﬁ@@%ﬁ ﬂh@‘%}é”cﬂoﬁﬂ@:@ﬂﬂﬂm—vwo

dependi ng, er a e patients age, the size and P
di sc( S5 t oirmiction ecthedduprod ptro’reostyeanesomn thee grevivedr r\@ﬁtQ‘fﬁ IEOB@WIQUS

Used ot BAIPOSHRISUBLDI BohawEYeLAPTY thatdons  BR Sl e Bl o
inter aliamdihed YRdvEdPheleM hrECAsb MEGd& the Irhsitu deposition or production of
proteoglycans within the intra-discal space or within the injected cross-linked
collagen material injected into the treated disc, and may also include
20  contributions due to longer term growth or restoration of nucleus pulposus tissue
within the intra-discal space.

In applying the therapy in human patients, the volume and
concentrations of the injected cross-linked collagen preparations may be similar
to the experimental values used in pigs. The intra-discal pressure level within

25  the injected human disc may preferably be in the range of 0.5-12 atmospheres,
and more preferably in the range of 5 — 8 atmospheres and the injected volume
used may be in the range of 0.5-2.5 milliliters, and the collagen concentration
may be up to 55 milligrams of cross-linked collagen per milliliter of injectable
preparation.

30 It is, however, noted that the above preferred values may be modified or
adapted, depending, inter alia, on the patients age, the size and type of the
disc(s) to be injected, and the species of the mammal which is being treated.
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injection pressure needed to inject the desired volume of cross-Iinked
collagen wthin a reasonably practical tinme, the gauge of the needle, may
need to bwo G/ewicbabl y adapted. Preparation of injectabl e RATIBSBOWIDSS
l'inked col lagen The injectable cross-linked collagen used in EXPERI MENT 1
was an injectable sterile ribose cross-Ilinked porcine collagen preparation
conpri si ngF@5Exainple, g dne moethost ist used tatteaal prastinel OBy spme Bballagfeler oss

| i nked by rihose,per 10 mlliliter. i_nLegta i 0N
cross-|i nkté?ﬁqwnlt é’_@éﬂ”\%%rss ﬁ%}érﬁeﬁ%h aﬂ%@{e R)Jélﬁ H(%gpgp ﬁépdiééﬂg'#%{l?%’nthﬁ
various foppRiieh preSase réaRd td e theldesired volurae alfsmosis-finkerb edllagerdet ai |
I n International Patent Application, PCT/1L01/00351, ubl i shed@fg? he

Qi by

i n]'E er nat i owighinpatseasenakiy praciisal tings,othe7gauge &3 the @r Htaygne

referepce in its entirety for all purposes. 15 Briefly, a solution of

nol ecut ar %uﬁalbiyl %tg S5inized atel opeptide porcine Type | collagen (1-10
m | 1igran mil|ipidgeiritiomss pfepablediboseorpss hnkee dallagen t endons commrercial |y

avai l able fromPel-Freez(r), Arkanssas LLC, AR U. i ni zat i [
the presence of Thedniestalie Fraseipked colage Hsed %E@@%%Rﬁ%ﬁ?p?'ﬂéé% onin

precipitati i S, ' !

11 Lt} 8 e kR ol AR b Bo AT oRp GRS, (o

g})lsgg lUi/ga mun%rbgﬁﬁl\?c%%mmm% melppepl_idmgptdim cpbagemerobgpinkeddyy fibegehpahs
P eds hps

Col | adbn sOHULPOAT {TECIgRSPraRAIOR of 19, 6L GBI ZOED ot SISREHaHg 1T

neutralizegdgko tﬁo%s‘eégﬁaé\%ag&g gfﬂ)alﬁehé f@%%&%ﬁ%&&@é lihksaRbilage 1. 6

grans sodi um hydroxi grans of di sodi um hydrogen phosphat e
di hydr at e @eralsbidisclosdd rudétmil iaratenzationnl Paten /bpplbz@p‘abega{IbBWOPﬁf’ﬂ) ,

hours. Thepudinesugn drermatianay RAbEE HFERE o TSR PR e c s
in the raﬂ&%iﬁﬁy?@i@%@%@tifé Intien P allipkiedsesThe fibrillar collagen

particul ate matrix ained after 24 hours of incubation at 37C.is
centrilkuged to Priefty,pa tsmiwiorhof tudleewen pusified Repsinizeghiatelppoptide, percine

1C.370) - TR shgengent-10 PufarrBamasr dros, drogeh G deo AR W™ <Y
Eg’s I'Ohgf/e Oge%%g?gcg‘f@gﬁﬂﬁgﬁf 25allAResorReb et rasee) etkapySIALLE] M, UIS.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 HCI
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
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(PBS) by repeated centrifugation and re-suspension. The pellet spun down in
the | ast washing may be resuspended in a 0.5- 80% (wv) D(-)Ri bose solution
in PBS. Th® ssa4esse of ribose solution used is 5 approxi matGa/NL.02/0099T i mes
the volune of the spun down particulate collagen pellet. The resulting
suspension is injected forcefully under pressure through an _injecting

devi ce (supartigulaie lvollagen pedehwasbedtsaveralutives rin haspbpts huferasbsaline

ethanol. T tainles tee] ..t uhe e in the range of 14 gauge to 34

gauge, 10 )@YFleeoreazfﬁ?f’gﬁirgl_@%@@%dzEesfs‘lrlrgg/er%?%% be used. Preferably, the
vol une of the ethaneliet 8pan Wonehint the lABPwasHRganaPdd resvshagded in bak 6+ PBS
m xture is injected, and the exact concentration of the - )R bose iin PBS

are sel ect 88%s(wh) DHaRikgacesolutieniinjRB®i othe yo@mﬁ)p&r@@sg@lqtj%psed IS

concentration of th - ). L1 ho ' I pal Al xt i IoRL 1%
(W v), 15 QRW%‘Hﬁa@ﬁ’nﬁﬂt P@F?oﬁ%owléﬁgnggl fﬁ%nsp}%li #ﬁ\ﬁ%lﬁaﬁ%é% I'S %A)

(V{ v) . ljt ﬁllé’zptm ﬁés?ltintgtmnslpng(em;ijeetegdn&dmlw ghderprbysweythodugxamp| e
only and other concentrations o -) .ribose and/or ethanaol may al be
used, as dinirstipgedeyige dstahias @ hellpwesiainlesssteplubing: af i'"t?ﬁdlﬁ)n'ﬁgq a‘\@%

01/ 79342 m%]E]%itherrmre, it may al so be possible to use other sugar types
for cross- I'ig the collagen as disclosed in 20 detail in international
pub:c i cat Id on nurﬂghe é(ﬂn(ébﬁ@t&é?tu%& miBlyebe i #ua rangeuntidd gaugsstor 84igauge,
performed in order to achieve proper | spersion of the small reconstituted
fibrill0ar bulothgeguitableitdbe sizes 'F%éaE'Pg%‘%BS‘F ‘nking solution and to prevent

aggr egat i on of Féfle D B UblingS AUt Sthiafisl Hﬂg%ﬁkgt iheCaB6le Aesefibéde

ethanol . The col [ agen Suspension is then m Xxe 5 or shaken for
appr oxi mat ebjagen/ridosidly B Samixtutesispiajeted, canchthehexactnepnosntration o5 the dX-

ppr o; e Sosily!

21 so"be usdaposena RaS are el sl el SretPelplaR 0 s cRERSF RN T

several tipBScerdtmhtRPOSPIR BHHIREEH Hal fiftd RERE i8Yapprodaiasly 1% (W),
A

centrifugation and re- 30 suspension to renove the unreacted ribose and the
et hanadls. Thad thée ltenpentratior ef etanepieribedinahmbrsrarisd’ Aol (wived Ittis netrd thabr at e

overnight for rehydrati.on at 37C . (this LLi.praty st.e ypical |

per f or ned esteeqﬂféegfrgklggs AFe BIYEN BYnyay oﬁg%%b&%k%@g& tngﬁgl?r 82)%8% Y
of D(-) ribose and/or ethanol may also be used, as disclosed in detail in
international publication number WO 01/79342 A2. Furthermore, it may also be

possible to use other sugar types for cross-linking the collagen as disclosed in
20  detail in international publication number WO 01/79342 A2.

The injecting under pressure is performed in order to 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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of approximately 4C-37C, but other tenperatures may also be used). The
collagen is then washed two nmore times in PBS as disclosed herei nabove and
resuspende® 0304R8% to a final concentration in the range GfCTIBABY97
mlligrams cross-linked collagen per milliliter of suspension. This
porcine preparation was 5 used for injecting into the porcine
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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 biologically
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, U.SA.
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 treated 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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limted to inducing bone formation, fibrosis or cartilage formation or the
formation of other tissue types. In accordance with other enbodi nents of

t he presewo 3nqgaepi on, the injectable cross-linked col | agaT/moBp@eat i ons
used for treating intervertebral 5 discs nmay be nodified. For exanple, the
I njectabl e cross-linked collagen preparations may include additional

subst ancesl;mllteduhog imadliding bongsformatipapdinrosis aateartilge dernaatigio@idiher
agents, etl rial for gene thera The living cells which na
be added t "?‘ﬁgonﬁ 8@?%@53“‘3#&%3 l'i nked cowagen pr epar gtlon of the d

i nvention may 'mcbeé,’@rdaheée\wltﬁ' bther V@nhbeSinRs S0t rdsesy irkentiver tiedr at e
stemcells, vertebrate progenitor cells, vertebrate fibroblasts,

genetical | lyljammlaeenosd Imedscollmenapéermrgtlmr@@dt ors dicating ntarvestebral

pr ot ei ps, cosami nogl | h
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hor mones O[Brelﬁgpétldﬂ\%sma‘?rmél@idbsaddméndl%\(@st’wmseﬂﬂhg&mlleﬂdtugseﬂmrapeutlc
receptors 15 to nol ecules such Eﬁ;Otel ns, glycosamn noglic

]P; g'{ g(r)gl ygﬁiasenak@opn@gmﬁauadsw @Q@i" arr]‘ Wcm@%agfor@p&ﬁggﬁfqﬂy, on
I -1 o a S t BHie
various differe %é %% é%ﬁt | on ?g b8 %qcpézdéltﬁsnﬁlalhﬁeex chsr(s)g%ﬂbkéj&s

combi nat i ogolRigehhrepanagiotdefr tmdnsan:trcm erdayubmiwde:emtandélca vetiebrmev e
descri bed rec@gt ors. 20 O her substances or .conpoun e i ncluded
i n t hd0i nj ekendipeytesy ostebratre §ier| P% nVW%ttfégtmeﬂeB Ort I‘PQ"? ns//@ﬁ?ﬁ’(% may

i ncl ude, 'ﬁé@ L[g a en%r uggté}\%ﬁ% fénﬂll%t rea&g‘ﬁéereanltd sédtbtaamBtier y

conpounds gr owt ors proteins,

gl yc;)sam nﬁgﬂteamanq%lymsstrmgggym prommgimml mgpbogemis, pmteun81 rgrowdtirat or y
agents such as proteins, hornone and t t
factors. de}ﬁ?&rssuﬁéﬁ%ﬁfﬂg@noraE@ﬁ%OLﬁTés'nﬁﬂ%@?fﬂﬂ% ?ﬂaeqt%ilrngazaP:]%ﬁt%HSp on
| nj ectabl epofhaies bt BKBHALO! AN tREERAIADEER igidielity Xbtasd i@Repidis! ude,

i nter alla nuc acid, an ol1gonucl eotide, ribonucleic acid,
deOXyﬂISbontU:h\@lleCLﬂﬁs giclaas qammns glyoRisaRioglicass r proteodiyoRns: mmh@@@lj@s

el udi g REXEs Dol oiars: erarirpiop Bsec o yaRuEr RSy Raels M Bt o
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express any comblnatlon 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 collagen preparation of the invention may include, inter alia, a
nucleic acid, an oligonucleotide, ribonucleic acid, deoxyribonucleic acid, a
chimeric DNA/RNA construct, DNA or RNA probes, anti-sense DNA, anti-sense

30 RNA, a gene, a part of a gene, a composition including naturally or artificially
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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WO 03/ 049669 PCT/1L02/00997 acids, or various conbination or mxtures of
the above discl osed substances, conmpounds and genetic constructs, and may
al so i ncl weosttigsevect ors required for pronoting ceIIuIarlunWﬂkabﬁU
transcription, such as but not limted to various viral or non-viral

vectors known in the art. 5 Additionally, other substances or conmpounds
whi ch may doids, ! watéalis nombiration] e ibEescpbdte pPAKR FlisePsed SHP %tggﬁ%?’at i on

of the invention i ncl u t it
micopr ot iR PAHE NG SsEHG:sonsbEl, Ahdoal R IUR, DReioft Eqes) € N
limted t CfofPFH?ﬁét%é b8l flasubtaRe andaharisdription nsudbr asibliahet, lirkiézcatcavariousf at e,
dermat an sul rate, heparin, heparan sulfate, 10 hyal uronan, proteoglycans

such as t haral echonsvinal wectors lsawn in e #tot eogl ycans decor | n, biglycan,

fi bronmpdul in, c Icfifled i
centro "§| ycan amﬁ rbq\l%%ghgr %Sot%eé% %g%mﬁ)?baﬁ%mm%%n rgiadherdi Irllqs,
fibulins, tﬁgdin}éﬁw‘goggggcﬁhneé cofiddié rﬁ |mepéresluhsmfaﬂtaam\@tmﬂondnpwdndgd&hi ch
may be al s0 included in the 15 co ara i.ons o e

i nvent i on intey alia, viarioes Ripfains, \HiY(FQRE@ e"&ﬁ f'T‘H P %H§’yWH§°p9l¥?$%c8?r'§F§f er ent
enzyne | nh'Iegcﬁ]seqnilgggpgaﬁgtshgﬁdds%t ncﬂ%n‘?\g-f-sﬁ f&gcl%ndraﬁmvﬁfsljﬁél% Shbhromtint

substances\q or cells to the cross-Ilinked
col | agen pp-epHAR| | Keratay bsulatdi edmmatalsl rsgnfaterfmmmnemga@an | gulfate,

ac d th nbod
th2°2@8252m&@ro@82§£f9£m&%3%s5359i2€e 1h¢ oRAtipodeh "0 sHEAt pRgodbe AL
col | agen sajg&er Sj Qlﬁg[‘ H‘:&mga P.Imlbﬁnt %gyé}i@ptgmé@j‘angh@et@.glycagen and

D(-) R bose m X e et ano IS enbodi nent the cross | i nki ng
is perfor nmfsioant benm@yeamandfsergiwadﬂw@neam dinceglyeamphandroastherins,

t her apeuti ¢ agent, rre trapped or sequestered within the 25
resul ting s, ﬁf‘ﬂﬁ'@r@n&)‘?qgﬂﬁ@ ased matrix. In accordance with anot her

enbodi ment  of tﬂ&%lgBﬁﬁpéuwanéé‘ﬁaﬁdlEél‘ﬂ%@@lﬁas wHidte ritebe afsodigelotisd it dmpounds

or cells may b to or mxed with suspensi on of the cross-l.inked
col | agsn nedlEigenbyreparations off theigurepert dnvantion Wah be, vistdeplid, YRHEOYR|ded

Ui tabl ¢ paRErM AR rarRES gired e R RTREE T b 202 e Y
i nj ectabl e prepgpgt HadingPbEPREEJaMblid! diffeidint heulistarides, therapeutic agents,
compounds or cells to the cross-linked collagen 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 cells 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 additional substances as disclosed

her ei nabove) in order to avoid contact of live cells with concentrated

et hanol . Wigeosade@nt ages of using injectable cross-linked cETERYEINYT
preparations are several. The resistance of ribose cross-Iinked collagen
to in-vivo 5 biodegradation by naturally occurring collagenolytic enzynes,
is much higluditiondlssubistancasi ae disdlosege herdinabhaye) e rader o @vpistt GantaHa®l t he

discs injected with the ross-|.inked col |l agen preparati ons nmay be |ess
affected bBYVesERI§ VY %&%ﬁ?ﬁ?‘iﬁj‘h%‘?ﬁl e still being highly bioconpatible.
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porcine aahoRaRitiveecdliabbaganis therdfors Bepedtddhabfhecdistajgectadywitiethesed in

the disc 15 repair and stabilization nmethods of the present .invention

:O Pglp gsn ng trosstivked (colipgen prapataliRs mayiteleas afesied PhSUS h‘ﬂé&?r%@?tf%en
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f rom r econbi nanan6ipler 2@ieBntage igrthiaiotheecollagent(atiiss-linkpd oraforyervsstinked)
engi neered or nodified collagen, 20 It Iis furt@er nof ed t.hat .al t.hough the
ri boséogr OBy Saive as compigeler dusing and/on PiRgowd the @am@bpnﬁggartﬂaqﬁgg%
repai r dueg 1.0k L €Shat: ' | R ' I tu,
B A R U R e e A S
the same nanneritdisschatedd thathaugle tthey ribage berossedinkeddceokageasy used for

Addi tional |y, it b i bl . i ; . |
and non- or BYeETIRRGY St 48BRT1 WepnaeRuesofeTbPuieet VN B¢ SPate DG
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degradati on resi'stance roperties and ot her physical or chenical
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or epar at| SN0 strseimieche Aapinteseinkt &RGralshiBuths sPified fom o

formation gihfakicbpfi® Pecldsdirnading hagfar éslkigeh,; crose-limkedremaofon-bibss-
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 mixtures 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/I1L02/00997 different collagen types may enabl e better
control of the cell proliferation and tissue formation by suitable

nodi fi cat Wengs/@eeb he col | agen mi xture conposition. Additi aaling2/04907 may be
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properti esrebbnsﬂltumfcb fidekarr aﬂellcqaephldemorpm@s collagest pisss-linkedt wish ribege as

be. advant cgEoRsey M distal GrerPRaoPHEc g, e & JEHIL iR B of ©
the pr esen,tnawglrgd Blécs%';tﬁze%ré%@ﬁmv%ntlbﬁlnw akbeyéficrhesd by asing gher may

be used for t tissue aughentation. ( see the article entitled "SAFETY
DATA OF | I\ﬂlEéiI'chBuEecmMrWaBml \Hor epxarvple URdialde Atiectalie Preyaratiens

RG . Der nied Inckngy buodte St ST Yoo HeBBEbrsiRt s o PRI
PCT/ 1102/ OQ&%%nsion of particles of cross-linked hyaluronic acid or hyaluronic acid

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 retaining 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 entitted “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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Cross-linked collagen inplants for damaged or herniated intervertebral
discs It is noted that the advantages of the bioconpatible collagen
material Wwegs/ab@e be utilized in damaged, herniated or fiPCSUILeZI00997
{Rterverte?ral discs. In 5 accordance with another preferred enbodi nent of
e present invention, a collagen based inplant is r
into the interv&roshiinkediics ;9 gmplag :a"p? 2[5z SH glc?IIy |ntrodu?ed
mat eri al & t he nucl eus pul posus or of the entire nucleus pul posus. The
renoval of 282 nucl eus pul posus nay be performed using any surgical method
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i 0- nec ation e S I
of the. dr y R s dPessE  THRDShetalrot T BRI GOy ma) e Bhaed fon
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disc, the dry inplant(s) expand by rehydration. The size and shape of the
i npl anfs naycleds RUIAPSEE: such that after dehydration and swelling they fill
nost of the spacey, énﬁhﬂsnf qﬁagrggﬁ,@qsgésg fbprmtOp@ plecss Cabmpeismyaldrpf
t he nucl eus pul posus t'o provi hani ca port and stabilization of t he
25 i nt er vetoliyenboudi sateriaipe Rrefarablbuttme]gcqllageeowbmlardoourmptalﬁ?mmabéat i on

and preventing further vert b al, da to.th
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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 implant or implants into
20 the chamber previously occupied by the nucleus pulposus of the treated
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  intervertebral disc shape contributing to vertebral column stabilization and
preventing further vertebral damage.

Due to the relatively small size of the dry swellable collagen based
implants prior to swelling it may be possible to introduce the implants 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 materials are known in the art. For
example, U.S. Patent 6,099,514 to Sharkey, incorporated herein by reference
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WO 03/ 049669 PCT/I1L02/00997 inits entirety for all purposes, discloses
nmet hod and apparatus for delivering or renoving material fromthe interior
of an inteov@rsdspal disc. U S. Patent 6,264,695 to Stoy,PdTiEor/mesat ed
herein by reference in its entirety for all purposes, discloses a spinal
nucl eus i npl ant made froma biomnetic xerogel 5 plastic and nethods for
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devices known in the art for the introduction of i ntervertebrgl di sc
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a di sc inpl antTpehisgfallbblek BRyWR-linketi heoligen BuglAntss obihe rpresémtninvedtion, t he
i npl ant shapes 15 discl osed by Stoy U'cﬁ' atent 6, 264 8195)%d Thf

cross- | i nkeay bel intigduceingeitae Intapiariebial is¢ iy ai¥Iqr Aartally i r?FﬁSfé’ﬁ‘E‘s Ry
be prepared as.disc . iR , $38 it 8t -othelJ. S.
Pat ent 4, 1,@g%bl§'oh%f°§@'sr@tt% igle andhisglq%%téeﬁiatsbgrnkgy _glfjt)sltiggatign_enunber
WO 01/ 79348thads & Hevites lkaoaoinetheanrtrfos tha dntpadudtioat efointersedelnat gissor at ed

herein 20 by reference in their entirety for all purposes. The inplants of
t he pt@serimplaitenti on may include various different conmpounds and/ or

substances and/ g, adgLdlitesn A0HkEEn PHASSRGRIARS! mayOBBOGHRpIRAS toThave
S dl

t herapeuti c agents, and/or drugs, a sclosed in detail _herei naboye for
t he i nj ectahlcuscstegresl aftkethecehydorionbiaducegirepiin sweding. ber examglentited

that while |i i typi cally not included j -
ol ant s, IRIUE,MBY 9@ audas reletapepy 26 ‘Ghel Sfby SIRPLTRI% disunc <.
Nevert hel %ﬁﬁéawﬁichiiﬁwwﬁﬁh'tﬁe Y shieh idat biadieaithitedt ©, theimpahtshapds er

partial or onplete ration by irrigating the inplant with a suitable
physi ok ogi diatlosed byiStoy (&t.SaphicntBRGHAP%M cont ai ning 1iving cells of the

types di scl osed_herei nabqve i 30 conn i B Ak ECh: agen
prepar ati ons. '(Ij'ﬂ%:e &mﬁégkfﬁﬁéscﬂlﬁg?ﬂéné‘i%‘?f%ﬁ@e\c@db F%%ﬁ@"%%aﬁ?@@?@%iat
they are Pﬂaﬁam?ééé}b&aé BRIgSRY PeUisisratent 5985488 ¢o Riterutetralugh). 8.
relatively s o ) .

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 introduced 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 collagen implants are that they are
biocompatible, they may be inserted into the disc through a relatively small
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54 WO 03/ 049669 PCT/IL02/00997 opening due to their small volume in the
dry or in the partially hydrated state. Additionally, in the case of

i npl ants Waecdidpasg ri bose cross-linked collagen an additirgraiLozeivant age i s
the high resistance to biodegradation in vivo. A further advantage of the
col | agen based inplants of the present 5 invention is that even w thout
the additioperifig idsiel tat tail smiah yotiroadn dbgtdsy ortindhe paialihbydrated §iadei on of

the chondr ocyt. | i ' ]
1 br ocar s | Kaduorabaar ol (456 gb rohnty Tl BbeBogsSERY Rfager drfd oe
deronst r at gslyibyndIRRIvaREdd i§ 18 higfPiERIdvRee B Isibaygradationsn pivbed that while

the nmethod and preparations for treatin 10 intervertebral discs nay, be
adapted to treah fuihensadvardagetolothareellagenpbasaed dmplaits ppkAke a?rieéﬁét may

be applied simnmlar] r with. suitabl Jodi t i ' ;

i nt ervérte‘l@?’ﬁ?t'cﬂ] éscﬁlﬂ?seé’_ggewﬂﬁg%ttﬁgrg%qﬁgloi |é€)t$éfg\f}g§/n{jqﬁchéﬁﬁr§rc VoS Ed?a rates.
For exanpl gayGaBLES rhiYFatich 6f KHeOBRomdrebytes lbcallyeptesient dothe biseealsd mide

met hods and i'njectabl e preparations disclosed may thus be 15 appli edc}o
dogs or ot booLage @Tr‘\d dbdlucs [brosartipees farcition HIRmITES 8t RS ATicRe

er ei nabove, ILle the ] il £ '

e o el AP Rl Tl PR EE o B E R FopaRd.© @
variations, nodifigcapbteds thad whildetheappethoalt iamts prlepahatiansy dot i eatiny be
made which are within the scope and, 20 s

of i ntléresintarvertabigh siscar Madh her, adaRtsg %kr%%atgfhdf%g@%g}/ﬁ%th%‘%ﬂ*%@gﬁ%e nees
P on ' G USRSE! LSars B ghafbe gy s s slighisy
2, o st st ey
Lavast  pIBsgprepraices B SHreds for WHePin hemnaipbBh i prgdil 4 ©
Habt emar i aﬁf ,ds\'ﬁ ?ﬁi]e ?ﬂé@og%blaﬁg IV\r/\?écﬁlgul)lrgh é@é%?”f%'%ﬁﬁ??’ﬁqys t2e1998)
| nf | amsat oapple to dogd ot bitenipeisos domestic or domasficatedpnjmatpiasdisdosed4- 29.
hereinabove.
While the invention has been described with respect to a limited number
of embodiments, it will be appreciated that many variations, modifications and
other applications of the invention may be made which are within the scope and
20  spirit of the invention.
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cross-link designs in rigid pedicle screw systems. Spine 22; 370-375.
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55 WD 03/049669 PCT/1L02/00997 5. Kanerva A, Kommonen B, Tol onen J,
Habtemariam A, Virri J, Gonblad M Karaharju E. (1997) Inflamatory cell
i n exper i wEnialdodent ervertebral disc injury. Spine; 22: 2P(IHILE2/0097

Mar el stein LE, McLain RF, Yerby SA (1998) Reinforcenment of 5

t horacol unbar burst fracture with cal cium phosghate_cerrent, .Spi ne; 23. 664-
670. 56 WB5.03/ (e6h9a PCTKomororenoBy Tolnenvs Habiemariargd s Y oy é%fpﬁhéda

it At . . ¢ ' . D : it
nt 1oast OMeReREERortobi Nl BBTEREGL FefinEre e mE B RSl ARy | 10
fluid corrpﬁji giy_rgbiﬁg,l PBgem1cq19ss-1inked wwth a reducing 5 sugar. 2. The

nmet hod accor di

3\3 to claim1l wherein said the conc?né tin%n g}fr sai d
cross-|inked cdVipagelstain ik, t MclaihgRFof YSEY00SAY (1 %@a)a eipireement | Pt er of
said [njegtable fluj e As[o } LA regn i d

i nj ectabl 3ﬁf3ﬁﬁoﬁjmégﬁl ﬁ}l{asgtfé%aﬁrfgﬁétﬁt(ga@glﬁﬁbg?%%gt&éorﬁ%ﬂ n%%ﬁ%’eg?'eg?gjl di sc
to reach agyg.ntra-discal pressure level wthin a range of 0.5-12

at nospheres. 4. The method according to claim 1l wherein said injectable
fluid is injected into said at | east one intervertebral disc to reach an
intra-discal pressure level wthin a range of 5-8 atnospheres. 15 5. , The
nmet hod according to claim1l wherein said reducing sugar is D(-) ribose. 6.
The net hod according to claim 1l wherein said collagen is reconstituted
fibrillar atel opeptide collagen. 7. The nmethod according to claim1 wherein
said mammal is a human 20 patient and wherein said volune is within the

range of 0.5 -2.5 mlliliter. 8. The nethod according to claim1l wherein
said mammal is a human patient and wherein said volunme is within the range
of 1.0 -2.0 mlliliter. 9. The method according to claim| wherein said

injecting is performed by
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inserting a needl e having a gauge in the range of 22G 31G through the
annulus 25 fibrosus of said at |east one disc and injecting through said
needl e saw® s34 i nto the internal space within said di SRCTR02/emeh a
pressure in said internal space in the range of 0.5-12 atnospheres. 57 WO
03/ 049669 PCT/1L02/00997 10. The nethod according to claim1l wherein the
concentration of said cross- linked dRILAWI®N is in the range of 35-90
mlligranms per mlliliter of said injectable fluid. 11. The met hod

according to claim rein said cross-I,inked, coll age 5. C Lse
particles of fi rrinlel%]'é‘?vg]gm |tr§§§H9 elinamn?%t\ﬁﬁﬁ qﬁer{e?%ti{bl rqgscaair%%rgr%’l fhvﬁ th
degener at | eﬁ%trﬁ’doﬁeoﬁhgﬁigéf Mickiify imME b shst OMBIihEeSeRsifabdise dffyaid iargmiaht o at
| east one intervertebra dl sc of said mammal a volunme of an injectable
fluid conpaivelunge oflanaigiectablediid corwdisitig eollagencdass-igked ydath a Ut a
sel ected pressure level wthin said at |east one disc. 10 13. The net hod
accordﬁng P&t ai m 12 wherein said selected pressure level is wthin a
range of 0.5-12 atnospheres. 14. The nethod according to claim 12 wherein
sai d sel ected prTRESHEMOIJEN&oring toi dlbin 1awharge safd theBcancardpitionesf.sald. The
met hod according to claim 12 wherein said _reduci

ng sugar is.0X- 15.
ri bose. 16croskdinked eallagesoisdinnie: @@%P%@Q\k@‘ﬂ&rﬁ#‘ aPef Hﬂlﬁhﬁ% 9fSad hunan

patient and. ign.said volume is within the range of 0.5 -2.5 mlliliter.
17. The rre%%%g&é'gcf(@@u ng to claim12 wherein said mammal is a human
pati ent and wherein said volunme is within the range of 1.0 -2.0 mlliliter.

20 18. Thesnet hPHeanethiodi agcdrdingl tei ctaib? 1whileersim saidi imjdatglletlivid) is injgated or ned
by inserting a needle havipg a ga i.n the range .of 22G t hr t he
annul 09 f INp 62ish abjeastaneatntpygdebidl oligh Eocr%ad"g‘ g'ﬂj' %?Tdh%a?h?%ﬁé'ﬁgi%cli
needl e sai g0l éu;rgnrﬁé Bf 6.5.92 atHbs§priéresspace within said disc to reach a

pressure in said internal space 1n the range of 0.5-12 atnospheres. 25 19.
The method according to claim12 wherein the concentration of said
cross-1inkdd collhagesthcd accarbingrtengjainef! WBemin srid injpaaklefiiid jg IN¢dteder of

said inj e?nttg1 bsla(led fal’t ll’éaqs't one intervertebral disc to reach an intra-discal pressure level

within a range of 5-8 atmospheres.

15 5. . The method according to claim 1 wherein said reducing sugar is D(-)
ribose.
6. The method according to claim 1 wherein said collagen is reconstituted

fibrillar atelopeptide collagen.

7. The method according to claim 1 wherein said mammal is a human

20  patient and wherein said volume is within the range of 0.5 —2.5 milliliter.

8. The method according to claim 1 wherein said mammal is a human

patient and wherein said volume is within the range of 1.0 —2.0 milliliter.

9. The method according to claim 1 wherein said injecting is performed by
inserting a needle having a gauge in the range of 22G-31G through the annulus
25  fibrosus of said at least one disc and injecting through said needle said volume
into the internal space within said disc to reach a pressure in said internal space

in the range of 0.5-12 atmospheres.
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58 WD 03/ 049669 PCT/I1L02/00997 20. A nethod for therapeutically preserving
at | east one nechanical property of a degenerative mamrali an

i nt ervertalr@o4glicgsc, the net hod conprises pressure injectRALONO®IBaI d
disc a volune of an injectable fluid conprising collagen cross-linked with

a reducing sugar to reach a selected intra-discal 5 pres_sur? I_Bvel W t hin
said at |edst die nfietliod agcortiing teeclaioy 1 adwesei thg aascentaten o §REIEPTSsai d

sel ected intrag-discal . pressure | evsl ohS W.th & iPinleetable

at mospher & egé;_o'lle}g]%n r'ﬁs[)%%'& ¢ @§8r°3i%gg9chlggﬁgé%rmg?gelrgfss% d'del ected
intra-di sGgRlig. pressure level is within a range of 5-8 atnospheres. 10 23.
The met hod according to claim 20 wherein said reducing sugar is D(-)

ri bose. 24. The nethod according to claim?2 vvh.ereiﬁ@ sai d Ir%nﬁﬁl ﬂ@a@ﬁﬁ' ScC is
a human ither vEia épetoddpeeordiil jheainh 1s Xerei 3¢ COSHNER © nge of
0.5 - 2.5 mlJililt . - d according to claim20 wherein said
manmal %an @réﬂéﬁ%ess Fgél'tlﬁ%gafﬁ%})ﬂﬁf%ﬂﬁpgﬁf al disc and wherein said volune is

within the range of 1.0 - 2.0 milliliter. 26. The nethod according to claim
20 wher ei mM&ai dA njethod rfgr iteatiagf armangl with stagenegativendisgl disaass.nea
gauge in the range of 22G 31G thr.ough the nu . f f id at

| east one @Pﬂ@daﬁ"ﬁfnpﬂf%%f’f‘?ﬁuf%%%é %'&P%aﬁ%@at §ﬁgéﬁ%%éoﬁbgépﬁﬁ§8ft§ %’eqd

i nternal i 4 b iof 2Rl iBfectdblé iarhcemprisingWotagen srosk-limkear with aspace
in the raﬁ@gﬁ@woé. g?%ﬁgt&rrggﬁﬁ%rces. 27. S;I'hepr;et od agcor ding to claim20

wher ei n saieduaingl st toneachea Iselsicted prassufselevel wihisesaid abieast 8Re dIfS- spaci ng
between the two vertebrae flanking said 25 manmalian intervertebral disc,

t he fl exi I hani.cal ' ' i i i
tor si dial - hbcharfe ATeBP0aeRaM b ialh 12 MfielefHAN Slbabapredlelitl oo
PCT/ I LO2/ OQ8RiA a %ggoﬁmgrmogum@gpmglod for at least partially restoring

at | east one nechanical property of a degenerative mamralian spinal colum
or a part

14. The method according to claim 12 wherein said selected pressure level is

within a range of 5-8 atmospheres.

15. The method according to claim 12 wherein said reducing sugar is D(-)

15 ribose.

16. The method according to claim 12 wherein said mammal is a human

patient and wherein said volume is within the range of 0.5 =2.5 milliliter.

17. The method according to claim 12 wherein said mammal is a human

patient and wherein said volume is within the range of 1.0 =2.0 milliliter.

20 18. The method according to claim 12 wherein said injecting is performed by
inserting a needle having a gauge in the range of 22G-31G through the annulus
fibrosus of said at least one disc and injecting through said needle said volume
into the internal space within said disc to reach a pressure in said internal space

in the range of 0.5-12 atmospheres.

25 19. The method according to claim 12 wherein the concentration of said
cross-linked collagen is in the range of 35-90 milligrams per milliliter of said

injectable fluid.
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t hereof, the nethod conprises pressure injecting into at |east one
intervertebral disc of said spinal colum a volune of an injectable fluid
conpri si ngc@l4agen 5 cross-1linked with a reduci ng sugar tRETRADHNY7

sel ected pressure level within said at |east one disc. 29. The net hod
according to claim28 wherein said at |east one nechanical property is

sel ect ed 20om Phmetped forthbrapasdisalinprasssving at dasi One meenagcak) r@pgﬁy | east
one intervertebral disc, the flexio i i icdsSpi nal
10 col urm,O?aﬂd FH%”?E??“%’POHé?mW@‘ﬁﬁén’}‘?%ﬁ"gﬁ%g@rta ?gép@%p gg%{cq‘%gf %E‘)gﬁjg'sfggi nal
col um.  3esr8EhiRMingf intd aaipeadisc ealvblunme] sfcain nigjectable Buidoopmpssing
cross-linked collageninto a manmalian i nterverteBraI qi sc,, the met qod
conpri ses colipgen iargss-Haker Mith @ redusinthSUZAT dPnachpa cseigFtelintfaiseal si ng
an injection_pressure . i Cl to ekevate the intra-discal pressure to a
sel ectid ;?F%%%U?ie\reé&@ﬁh%%i‘dﬂﬁg#g%ﬁe#'}E%d according to claim 30 wherein
said selected pressure level is in the range of 5.0 - 8.0 atnospheres. 32.
The nmet hogaccord mgethodchedordBg thetainn 28aimiessin esaid ds@leeleduingrardisedl is in
the range of 0.5 - 12.0 atnos hereﬁ 3,?22 The Fﬁ?t hod according to claim 30
wher ei n sélras%&ﬁl@\g@rﬁsi"’éthlﬂ%é'l%i% Ra-T58tPEH eI P educi ng sugar. 34. The
nmet hod according to claim30 wherein said disc is a hunan intervertebral

di sc and rei u iMoo idMigc Pedwhevéidl saidvwesélectedt mtra-disogle of
0.5 -2.5 Vn%?l i Iﬁée?ﬁe%%b T %&rr:sn{ghg% dflzluCCOI‘ ding to claim30 wherein said disc
i s a humarpre@Surerieeshienithbr alrangs of &doatmnspéieres-he vol une of the injected
fluid is within the range of 1.0 -2.0 mlliliter. 36. The nethod according

to claim 30 wherein said injecti (1S f iqi ihb"Qicar ieasile
navinila dabge TP (HERPArHRcBfings Y52 AhERin eid 1886ohy Mg R
03/ 049669 [NoHel L02/ 00997 fibrosus of said disc and injecting said fluid
through said needle into the internal space within said disc to reach an

intra-discal pressure in said internal space in. the range of 0,.5-
at nospher e24. 37Theriaethodhaecaeinsr i ﬁ@'m05@|\%*ﬂ$ﬁe§b sﬁ}rﬁjem'ﬂ"ﬁfl@n _c%%%i%ﬁ ation
of said %Lﬁ%gﬁjm! RS SPLsBHHY (vhetdin SBRI 1ADAR Rf wilindBerahbe BTaTE per
mlliliter Vg
2.5 milliliter.
15 25. The method according to claim 20 wherein said mammalian disc is a
human intervertebral disc and wherein said volume is within the range of 1.0 —

2.0 milliliter.

26. The method according to claim 20 wherein said injecting is performed by
inserting a needle having a gauge in the range of 22G-31G through the annulus
70  fibrosus of said at least one disc and injecting through said needle said volume
into the internal space within said disc to reach a pressure in said internal space

in the range of 0.5-12 atmospheres.

27.  The method according to claim 20 wherein said at least one mechanical
property is selected from the spacing between the two vertebrae flanking said
25  mammalian intervertebral disc, the flexional mechanical properties of said

mammalian disc, and the torsional mechanical properties of said mammalian

disc.
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I njectable fluid. 38. An injectable preparation for injecting into an

I ntervertebral disc for inducing fibrocartilage formation in vivo, the
prepar at | ™0 Gadpisdsi ng an i njectable fluid conprising parRGTZILeZ00H7

col l agen cross-linked with a reducing 10 sugar. 39. The injectable
preparation according to claim38 wherein said reducing, sugar is -)

ri bose. 4@8. The\ i theempeliice methpdr doii i deastr padiglly oregtaring 38t p@steiofet he

trati f th -linked coll. is . )
ST o aineRhaniaa) Waperl: pbe Jeoesratrs, Berineterh MR Atuih R PRart |
for incregsifagst ??‘21 RRIEOY cBpRisBS pr&ssur8 Mjebth@iniy dt khishanedntediextebral

dysfunction in at least one Intervertebral disc, the_nethod_conBrises
i nj ect i ng dist of saiddspinal eakimmrevalige af apliniestakie dWid GPEWEM%kCPlages

conprisin col.l . agen..cross:|inke | | I, L G he
i st are epapUneyth s L vasd bdefeh SotierBy HgSep el AT RAMEE.
42. The nejhoskiasredideng to claim4l wherein said increasing of height

occurs during the injecting of said volunme and is effective imredi ately

after the injecting of said volune, .43, The net hog cording to,claim41l

wherei n s&% JI nTlaﬁltmga’Cbod ;Clﬁéfd\é'@g lﬁ%&'ﬁ"@ 282wheé%ﬂef§aég@Z?%%qtéingwppg_glah%é?m
ressure | evel ,w.thj f - : iABT:

P cor di ng RiPeithis, SR ARG sricie foyRiiRR G Vertetdas TIRfITG oot

sel ect ed i|gh&Pofe SeavaItatsaldiec) theeflexibhali meahanicg puipestias of seishpeinas. 61
WO 03/ 049669 PCT/1L02/ 00997 45. The t hod,.accordi,ng to, cl.ai erein
sai d deducsalgmeugad the tessional mashapica Bfop%%e%‘?%ﬁ é@&%ﬁ'ﬁé‘r@"i&@ﬂ;i m 41
wherein said volune is within the range of 0.5 -2.5 mlliliter. 5 47. The

met hod accgy din i [ddlyS Rijdktig @RI canigtiging heoss-tinigel of
1.0 -2.0 mTli I'i&t é%j[ﬁég.&Tﬁer\ggtgﬂﬁ%ﬂgccérdwg toucl ai mizrl V\gn,erei_n sai d
i nj ecting ¢sllagenfintoredmaynmaliereirternvgriebralatise thevmethad gamgeses IRREINGnge

of 22G sleatiQrﬁgighinttgethaemi]rﬂlepnsal space of said disc using an injection pressure

sufficient to elevate the intra-discal pressure to a selected pressure level.

15  31. The method according to claim 30 wherein said selected pressure level is in

the range of 5.0 - 8.0 atmospheres.

32. The method according to claim 30 wherein said selected pressure level is in

the range of 0.5 - 12.0 atmospheres.

33 The method according to claim 30 wherein said collagen is cross-linked

20  with a reducing sugar.

34. The method according to claim 30 wherein said disc is a human

intervertebral disc and wherein the volume of the injected fluid is within the

range of 0.5 —2.5 milliliter.

35 The method according to claim 30 wherein said disc is a human

25 intervertebral disc and wherein the volume of the injected fluid is within the

range of 1.0 —2.0 milliliter.

36. The method according to claim 30 wherein said injecting is performed by

inserting a needle having a gauge in the range of 22G-31G through the annulus
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fibrosus of said at |east one disc and injecting through said needle said
volunme 10 into the internal space wthin said disc to reach an intra-discal
pressure Wev@lo4969 t he range of 0.5-12 atnospheres. 49. THRCTHRINONI7
according to claim41l wherein the concentration of said cross-I|inked
collagen is in the range of 35-90 mlligranms per mlliliter o; sai d

i nj ect abl ditirbsiislof saidsdisc Anddniesting said gwﬁiéagw@ $3id nﬁ%@ﬂ&nlﬂﬂf% he;inteippbnt
havi ng a hydrodynam ¢ . disc f j 0. At : ¥

i sc. "t he SRACRONTEBrEHY S o ReH L ¥R dBed proseiie B THEFUESLRM |

a vol une oﬂqeqran'?@jdpc@_gmzafnhd;g@erggrrpri sing collagen cross-linked with a
reduci ng sugar to reach a selected intra-discal pressure level within said

at | east one disc. 20 51. The pethod according t.o ¢l aim50 v%}erei saj d

sel ected i%fr a- Hgdupthask asseiding do etlang ot W r?'Qn_é@_ 8?“_@‘?@5_ @naf’ﬂﬁ‘gﬁlner es.
52. The meLRed ARER"diiBgeh ds Ghahe! RRGENSY 85IoG Mifigrths Yrmaliifepef saidred to
reach sel'ected Tntra-drscal pressure level within a range of 5-8

at nospher ejpjectéide fllie met hod according to claim50 wherein said reducing
sugar is D(-) 25 ribose. 54. The nethod according to claim50 wherein said

T/ 1 L02) oflbo7 AssihiasiabRaprorraiad, G ighnd: b o BRI 8l B0 ey e 1

Wi thin t hepqiage MfrodarBlage: Goffhblion | reTvive.th&h@reparatidn aconmplising tan cl ai m
50 wherein sard injecting s perfornmed (l}oty inserting a need|e havi n?
¢fastafecel

g . a
gauge in tingeatabigefivil eorapdgiagt Hoasti lagenueross-linked o4t BfeauqRg at
| east ﬁne disc and injecting said volune through said needle into the
i nt er A8l sPAH- within said disc to reach an intra-discal pressure level in
the range of 0.5-12 atnospheres. 57. The nethod according to claim50
wher ei n t hggconyRatinpictabile Prepaiationcacesding rveclaino3Bagberain said réducingige of
35-90 milligrams per mlliliter of said 10 injectable fluid. 58. A nethod
for relievbugamiadk-)p#eseresul ting from degenerative disc disease in a
patient, the method conprises injecting into at |east one intervertebral

disc 40. The injectable preparation according to claim 38 wherein the
concentration of the cross-linked collagen is in the range of 35-90 milligrams per

15  milliliter of said injectable preparation.

41. A method for increasing the height of a patient having a hydrodynamic
disc dysfunction in at least one intervertebral disc, the method comprises
injecting into said at least one disc a volume of an injectable fluid comprising
collagen cross-linked with a reducing sugar to increase the distance between

20 the two vertebrae attached to said at least one disc.

42. The method according to claim 41 wherein said increasing of height
occurs during the injecting of said volume and is effective immediately after the

injecting of said volume.

43. The method according to claim 41 wherein said injecting is performed to
75 reach a selected intra-discal pressure level within a range of 0.5-12

atmospheres.

44. The method according to claim 41 wherein said injecting is performed to

reach a selected intra-discal pressure level within a range of 5-8 atmospheres.
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of said patient a volune of an injectable preparation conprising a

bi oconpati ble biodurable material to increase the distance between the two
vert ebraewarasgedwd 15 to said at | east one disc. 59. The ra@viozo®eTor di ng
to claimb58 wherein said injecting conprises injecting into said at |east
one disc a volunme of said injectable preparation sufficient to ca 3 sai d
i ncrease d@b. sailhedmsthod @ccaitiog 4e «lgimhi ewhergin sail {RRUCING SUERE & bZ‘ 20
60. The rretbhod according to claim58 wherein said injecting conprises

i njecting "°%¢5° sai d at |east one disc a volune of said i nj ectabl e
preparation sufficient to cause at least a partial relief of back pain

i mredi at el4g. af titfe $@etod vadaondingsta ojairat 44l wikdreirTisaichwohwde dg osithin riget o
claim58 wherein said injectable preparation 25 conprises a substance

sel ect ed fraBee &6P1age® BHH®yal ur oni c acid. 62. The method according to
claim 61 wherein said collagen is a cross-linked collagen and said

hyal urgoni c4aci dry SSadArAiaed i ani rA8/i9ARIEHA th
y 68’97%%83.%68 §c¢.1hd(;gllﬁ§ VRl 29 \ﬁh?t‘é!lrd saftB VORA8/i e

PCT/1L02/ 0 e met ccording to claim58 wherein said injecting

conpri ses rangg ef tlihg2dandlilites. ect abl e preparation to reach an intra-discal
pressure sufficient to cause at least a partial relief of back pain

i mredi at el y, af ter sali ol ung,. i LN} ecte ; P g i to
cl ai m 58 vf%ﬁer ei esmeag?%fgﬁ?ridrqbgsEooh%irﬁsd'tgs\%hleﬁej@g’? Idnlgfe S@Q”?ﬁfﬁ@@%ﬁgw
preparati QHsér'ﬂh? SAbEdiathdvirph gengedn Site tangeeet 22618 1Gtugtitse annphusssur e
l evel sufficientl to cause said increase of sajd distance |mediately after
sai d vol urfibrosug af eaideat, legst one giscranf injecting theeugh sal tri%(:h%/ Sf"@s‘f%"ﬁég or

preserying at.least 0, ARchani ﬁa%'crt Al ke level i
degenwat %Og’ mes'@%‘?rﬂggg%%%f 19}rq85%I ?ﬂgcoﬁréecf E% goﬁ%ﬁtrsaggls!cﬁf}g?&si ng iepl,teoms aid
at | east oRg rhAgEoY U 5oty aimakiptered. sai d patient a volunme of an injectable
preparation conprising a bioconpatible biodurable material to increase the

di st bet the t teb T, d i 1 | . i . 15

56 The meAthod Heednaineg Beeeiean S ainbAd WMesA i ERRsditashort Sat

:O[‘legg ;t”?oéanEQ-nﬁR‘é&’ Hilah8R3E iRBediahgedol S5WIEE nAligeahs deti miiliadl ef said
injectable fluid.

15 50. A method for increasing the height of a patient having a hydrodynamic
disc dysfunction in at least one intervertebral disc, the method comprises
pressure injecting into said at least one disc a volume of an injectable fluid
comprising collagen cross-linked with a reducing sugar to reach a selected

intra-discal pressure level within said at least one disc.

20 51. The method according to claim 50 wherein said selected intra-discal

pressure level within a range of 0.5-12 atmospheres.

52. The method according to claim 50 wherein said injecting is performed to

reach a selected intra-discal pressure level within a range of 5-8 atmospheres.

53. The method according to claim 50 wherein said reducing sugar is D(-)

25 ribose.

54. The method according to claim 50 wherein said volume is within the

range of 0.5 —2.5 miilliliter.
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sufficient to cause said increase of said distance imedi ately after said

volume is injected. 67. The nethod according to claim®65 wherein said

vol une i swionostdagsepange of 20 0.5-2.5 milliliters 68. The raviozo®eTor di ng
to claim®65 wherein said injecting conprises injecting into said at |east

one disc a volune of said injectable pregarati on sufficient. to, cause said
at |east pabti alhe eretbprnaceardiagi i 6lajmap? evharginy yelime is;wittip g 25

69. The net hod rgding. | ai m 65 wherein said injectable preparation
conpri ses rsngﬁlﬁ)itqgﬁcg'ds}gf@@?@d from col | agen and hyaluronic acid. 70. The

met hod according to claim69 wherein said collagen is a cross-|inked

col | agen &8l safte method actordig tb claim 50 wherdin sRedinfecsingrie petfosped.bys4 WO
03/ 049669 PCT/1L02/00997 71. The net hod accor di | ai [ said
i nj ecti ng iBeRRIPY Seaeedighavingg 9algg D Hhe FANgs gp%fgbéa@tcﬂi‘@ﬁ'gbgﬁ?ggghmgn
intra-dis h ' RRsAndjddtdlg A8 HRIUME thibiigli ¢ heedld er

sai d vgl u“fﬁ@@%ﬁf(ﬂgé@é‘ﬂb%@énﬁg metnhodjaccgrdi ng to cl aﬂi@nﬂ?GS wherei n said
i nj ecti ng intonihe imésrnabspajecwithingsaididiss tg eeachbar ifra-giscat Pessyig BVehind at

| east one ﬂi sc to re(féh an intra- discal pressure level sufficient to cause
at |east dnprangs of G-astortmMPPle'SSid at | east one mechanical property

i medi ately after said volune is injected. 73. A nethod for treating a

mammal wi tdy degpneratingd dtssrdiies ershaint 150 whietdindtheoopnieartmtionest said
injecting into at |east one intervertebral disc of said 10, m*rat a. vol une
of an i nj ecrpadliken apdagen da e dhpriagoagolc 8Pt EHIIgERMS RHK @'"ﬂg%ﬂ gt calf
press%e | evel twglhi said at |east one disc. 74. The nethod according to
clai m93 vRECERIC Y sel ect ed pressure level is wthin a range of 0.5-12
at nospheres. 75. The nethod according to claim73 wherein said sel ected

pressure |ggel Asmethodvot hilieving Padkepaih résdting frosptiegeseratige discadiseasend
according to claim73 wherein said cal] aﬂen N cross-1|i qked @Ol | agen.

77. The neint@@atieet ter methed QOMRASES RIREHRY intgtdSastoane tnwereltdtn i s
cross- i nkgd DY 3+ERAY Yollng '$93h-injectable preparation comprising a biocompatible

biodurable material to increase the distance between the two vertebrae attached

15 to said at least one disc.

59. The method according to claim 58 wherein said injecting comprises
injecting into said at least one disc a volume of said injectable preparation
sufficient to cause said increase of said distance immediately after said volume

is injected.

20 60. The method according to claim 58 wherein said injecting comprises
injecting into said at least one disc a volume of said injectable preparation
sufficient to cause at least a partial relief of back pain immediately after said

volume is injected.

61. The method according to claim 58 wherein said injectable preparation

25  comprises a substance selected from collagen and hyaluronic acid.

62. The method according to claim 61 wherein said collagen is a cross-linked

collagen and said hyaluronic acid is a cross-linked hyaluronic acid.
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20 78. The nethod according to claim77 wherein said reducing sugar is D(-)
ri bose. 79. The nethod according to claim73 wherein said manmal is a human
pati ent aw® adde@dn said volune is within the range of 0. 3PCGI2L82/060971iliter.
80. The nethod according to claim73 wherein said mammal is a human 25
patient and wherein said volune is within the range of 1.0 -2.0 mlliliter.
65 WO 03/ BR66IRCTMethod/ acswdinggio dtaien ngd Herelt S Agiecbng | campriess

wherein said j.njecti.ng i er | Qs i ' uge
"t he ranbiechr S5k BB BgR AREn 3 rendiiah FBPgRcAPERRS IR 87ET
di sc and i%jget i eastidl pepliainelief o datkppsipainankediately haftergbaidavaumeeit e
into the internal space within said disc to reach a pressure 5 in said

i nternal dpigeted.n the range of 0.5-12 atnospheres. 82. The nethod according
to claim 73 wherein the concentration of said collagen in said injectable

preparati IS 4t ran 3590 .14 | £Qr i i &Brhbliddd er of
sai d injectadbl e-t-%r erﬁgtrhé){ﬂi %ﬁc&fgﬁ_ﬁec@enb h%% \gig’(é;rgrlrgi@%@??égﬁgg? m 73b_vI\/ner ein
sai d i nj edhjesting el infextablé(reparationnigtes aaid atrigasit cris dispriegaaeh aorinirat o

said at | east one disc to [eac an intra- discal .Rressure | evel Y (1’ci ent
e @st' ﬁcgfs %rlr‘\

to cause Ais¢dapfessupar GV igpt g sRUsE FRGsHNYRESE nRENSH Sperty

of said at; L SSidiVIIGH! i ter said volune is injected. 84. A
'ﬁﬁ%@%ﬁ%sggﬁgld ! le%?Ajé!(r[éa?'egeneration of the nucleus 15

met hod for east a partra
pul posus, or devel opnent of cartilagi nous tissue or fibrocartilaginous
ti ssue or 6flensk methadisfot i ats lamst | pardiale geatarangi ve PresaBlingAti 1628t & ebr al

DS b o
o epat bt JHSCBRIFRR e T ot 2brst cheaiadinesa oo df Lttt Heifiehod, .
The met hOdc&}ﬁTﬁﬁééi:i Hedithct it aid atheasi Bns anirvertilrandissuglasaitispader) a 20

ri bose. 86. e nethod according to claim84 wherein said c¢ross-Ilinked
col | agen ‘adumei sksamdnjectable prEpAraion camprisish$ itierasapatiale fedurak

col | agen. 85{9@5@?0 'ﬁérggge 35S AHANE b Mo P& &l BeSittntrETEd 8P di sC

is a humd®
least one disc.

15 66. The method according to claim 65 wherein said injecting comprises
injecting into said at least one disc a volume of said injectable preparation
sufficient to cause said increase of said distance immediately after said volume

is injected.

67. The method according to claim 65 wherein said volume is in the range of

20 0.5-2.5 milliliters

68. The method according to claim 65 wherein said injecting comprises
injecting into said at least one disc a volume of said injectable preparation
sufficient to cause said at least partial restoring immediately after said volume is

injected.

25 69. The method according to claim 65 wherein said injectable preparation

comprises a substance selected from collagen and hyaluronic acid.

70. The method according to claim 69 wherein said collagen is a cross-linked

collagen and said hyaluronic acid is a cross-linked hyaluronic acid.
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71. The method according to claim 65 wherein said injecting comprises
injecting said injectable preparation to reach an intra-discal pressure said at

least partial restdring immediately after said volume is injected.

72.  The method according to claim 65 wherein said injecting comprises
injecting said injectable preparation into said at least one disc to reach an intra-
discal pressure level sufficient to cause at least a p[artial restoring of said at

least one mechanical property immediately after said volume is injected.

73. A method for treating a mammal with degenerative disc disease, the
method comprises pressure injecting into at least one intervertebral disc of said
mammal a volume of an injectable preparation comprising collagen to reach a

selected pressure level within said at least one disc.

74.  The method according to claim 73 wherein said selected pressure level is

within a range of 0.5-12 atmospheres.

75.  The method according to claim 73 wherein said selected pressure level is

within a range of 5-8 atmospheres.

76. The method according to claim 73 wherein said collagen is a cross-linked

collagen.

77. The method according to claim 76 wherein said cross-linked coliagen is

cross-linked by a reducing sugar.

78. The method according to claim 77 wherein said reducing sugar is D(-)

ribose.

79. The method according to claim 73 wherein said mammal is a human

patient and wherein said volume is within the range of 0.5 —2.5 milliliter.

80. The method according to claim 73 wherein said mammal is a human

patient and wherein said volume is within the range of 1.0 —2.0 milliliter.
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81. The method according to claim 73 wherein said injecting is performed by
inserting a needle having a gauge in the range of 22G-31G through the annulus
fibrosus of said at least one disc and injecting said volume of said preparation
through said needle into the internal space within said disc to reach a pressure

in said internal space in the range of 0.5-12 atmospheres.

82. The method according to claim 73 wherein the concentration of said
collagen in said injectable preparation is in the range of 35-90 milligrams

collagen per milliliter of said injectable preparation.

83. The method according to claim 73 wherein said injecting comprises
injecting said injectable preparation into said at least one disc to reach an intra-
discal pressure level sufficient to cause at least a partial restoring of at least one
mechanical property of said at least one disc immediately after said volume is

injected.

84. A method for inducing at least a partial regeneration of the nucleus
pulposus, or development of cartilaginous tissue or fibrocartilaginous tissue or
dense fibrous tissues in a degenerative mammalian intervertebral disc, the
method comprising injecting into said disc an injectable preparation comprising

collagen cross-linked with a reducing sugar.

85. The method according to claim 84 wherein said reducing sugar is D(-)

ribose.

86. The method according to claim 84 wherein said cross-linked collagen

comprises particles of fibrillar reconstituted atelopeptide collagen.

87. The method according to claim 84 wherein said- mammalian disc is a

human disc.
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