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Stacking Inplants for Spinal Fusion This application
clains priority fromU. S. Provisional Application No.
60/ 540, 375, filed January 30, 2004, the entire
contents of which are incorporated herein by
reference. 5 Field of the Invention The present
invention relates to an inplant systemfor fusing
vertebrae, and in particular to a set of units that
may be stacked to acconmopdate different intervertebra
spaci ngs and cur Pﬁﬂ% t ibRvention
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Summary of the Invention
In one aspect, the present invention comprises a system for inducing fusion of

vertebrae. The system includes a plurality of stacking inserts for placement in an

intervertebral space. Each insert comprises a composite with osteogenic properties,
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The term “biomolecules”, as used herein, refers to classes of molec (e.g.,

proteins, amino acids, peptides, polynucleotides, nucleotides, carbohydrates, sugars,
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30  propynyluridine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-

5




10

15 Mosh hbdifiéd, dosexemple; b theddditign P

70 Of Deagiab avids,tegc. dronggrfdhe m

5 met hyl cyti di ne, 7-deazaadenosi ne, 7-deazaguanosi ne,

8- oxoadenosi ne, 8-oxoguanosi ne, 0(6)-nethyl guani ne,

and 2-thiocytidine), chemcally nodified bases,
biologically nodified bases (e.g., nethylated bases),

i ntercal ated bases, nodified sugars (e.g., 2'-
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am o sjigisoptiak?, rpeytiveltoor-profieln’”alASaFheT i%lspo?)fp el
conpounds’ t hat do nof occur i.n Ao akidgtinkaitopether by
i Eptipd’ at ‘GuotRiR A5 R o telg%%z%ﬁ? and/ or arni no

aci d. anal & KIRAWide T peftidedy nd “projein”, may be used
aP?péFiﬁﬁ P@%ﬁﬁggﬂ{énﬁ{s%ﬁ Npghm one .k 1 MI& ofifetiol@f peptides.
amitaehagealy.i Peptidpepyirefer Weip 1 Vigeal pspiids T4 ? or

exanpl e, py.the addjti S ChBThealal enirotagids pithongh non-
a e RO _dé‘[“gnts’djreg%d&pé,sngyg%g hatghgroug, a fﬁg;gtec%lhe
OntPal aftfind a?c@dsqmetsgthp@n?m,att : 11‘(319?%};1&?: oy b W mthe art
inker for conjugation, . functi - Zakd hlopQn wn in
isickpaated B0 8 epUPeRtE ShainLd/ R Ao A heog@ = o ma
00 L EALLOB5 12l cRoRbnd ot of ooy S8 Per ey
p | e.g’, greater half-life.in. wvi . bhohydrate
st Eitae
the incorporation of P GndSdfaaesye oup Nokdey 8¢t group,
th@o%&Werﬁ%upsﬁgéﬁﬁ%@?anti al ly_interfere o}?%&ﬁbodiment,
t he, i efBstich S gionl ngttalaliziononyghsmadilicafiihele” the
terms "polysacchari de."'jl grd'&% Lepsapnbasitde (e .g.agreatsebrlf-life in
hetheinmdifiestiens @IghaRSPUCRSPYREF “or ol | goer of o oration of
car BONYALAL ol Gehebig smay Thctuguolypliztion ol BripGRifET iy orP
coK¥P4t "6t anywher e from@jﬁ_}w to uorh?lgg_@&ahﬁaﬂyh%ﬂaﬁdﬂththe
HIGHORE NG de™ 25 general |y
refers to a.relati. A0l ecul ar wei ght pol yner,
vvhidP%md&’EOJ?%lﬁﬁ a{% f/vﬁ?glgdafl)ﬂi‘éy&y?ef ers to a higher Se@c?&y | &r to any
wei ght ek yeree “polesacsharidelar deleasasFhBEY o A FiCd 1T om o
nat ural sources such, as T &wnbliganeraery consist 0
de pobyesrion oligrmegr B?IB&&?d)%g%@Iu%acchmes i sol t@@ﬁgosaccharide”

from DAL SRMHHeAdREYohRoustisfof seRat B TPy
h aaf%‘g

C theirr chem cal or sical . I Shile®s@rch” typically
25phogphatty refere do a cl@iysly IPWHE‘Q}/‘?“]ME%@{@ gﬁg{eé res

s 1o a higher molecular weight polymer. Polysaccharides may be purified from

ovo in the laboratory.

refer

natural sources such as plants or may be synthesized de n

Polysaccharides isolated from natural sources may be modified chemically to change

i drate
their chemical or physical properties (e.g- phosphorylated, cross-linked). Carbohydra

30  polymers or oligomers may include natural sugars (e.g., glucose, fructose, galactose,
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30 polyners or oligomers may include natural sugars

(e.g., glucose, fructose, galactose, 6 nmannose,

ar abi nose, ribose, and xyl ose) and/or nodified sugars

(e.g., 2'-fluororibose, 2'- deoxyribose, and hexose).

Pol ysacchari des may al so be either straight or
branch-chai ned. They may contain both natural and/or

unnat ur al carbohydrate resi dues. The |inkage between

the residue | f pumebrbribose, 2°-
 AFpQse, grabid 1nose Mb(ps% inla aﬁ(yspj' sﬁlgj;]orgljidg%d s'u%zh@@eeg )

s Yiséigibb e, ﬁﬁtte]mmkes Paymhme-mapglsybasﬁhmrstr@iéht or branch-chained.

i nclude cel | ul ose, [ tin t di

stlRey may gestpinde n? 6‘&%”%“ é) %e% hé’m nog l%%ngfh g(rﬁgkage

alya QLR Bl Hg8Rd R HEIRESPRE] RS lmﬁh@&bmﬁi nolatire omrpay be a linkage
used herein, refers to any pol yol or. bi t

5 menhy a:vgilablc(yj synietic @lgqrragg i Egﬂmpl%ﬁ,cgftm&si\%ﬁan es &cihtcfélcellulose

ri bitol | hy, dex@faftPind@uctose. Glycosaminoglycans are
dln%wll%grm@# %{a}ﬁ% mg rel(EoIa él lycerol, |ysomal t,

am&d’t}bﬂﬂ@@aﬂp&lyﬁeeﬂa&deﬂw &Qah@lgﬂl@l,yg gse@ghereng,fgﬁers to any polyol such

,rrgls gérg ok B‘la{l]élfcg,r xy?%ori eg@qc@&o&,lt eggth}lﬁif%%sﬂgﬁ IrllbltB]iD hﬁgftﬁl €adonitol,

Nafati@l ldhRESAHTIbINGitabthadifol, iglywrl lisontalt andhlydfegegated gtiagch
chem cal synt hesi s), that have a relatively | ow

10 rrd1)’ér£11|1’sat€swe| ght. Typically, small nolecules have a
ol ecul. & iRhAibuiR!; AeakaRmh, BRadin 6HRA oRDIIC” is used to refer to

Preferre rmecu es are 15 biologically active 1
I rmélbaltles h)aythp:r m.lrald?y acduumm or@m@a}%ltwpqgede@fgec\{m ¢hemica

animals, preferab les h
| nsygglleflg),, a ]ilaéffeé'lrrf:l)éavegﬁ !ogél {ﬁgf x%{:x%é 'ﬁ@?&ﬂhy nsomgg{i}ﬁgcu es have
| S5 Roflbwar wEERf sMedh kban abbﬂtﬁ@bo goholn @oﬁm@rama}l melpeules are

drug is one that has al ready b?ﬁen d emedts

15 efficlogiceldy agtive Lpgglabt;aey H@dgiﬁﬂ' ](9[5 0L 55 ialgv gf cﬁ'chén fuﬁfﬁqls preferably

r RENEkdHain freRaed emeoagemssthe sgall
ug‘g a% g’?%dﬁ(rto conp ouncs or entities that

i nﬂbbbﬁle 1saa:dlnugaPa:feralplydhhw0§, accessaE ths; d(gpg)@,ogg&ag,ﬁas already

chem cal 1‘1 NEcRALBHhéntdB¥ency or body.
| nb‘feﬂdi@emffﬁfa ?réi ‘i’lcgelm f%??&cgjyt 8k 8 AIDS subst an%es
anti-c aﬂ@ gged &m t“Bnﬁeﬁve mhtsb |lmsedm refer to Compounds or entltles that

i Munosuppr essant s e g, ¢l ospori ne
20 agglmr,sinhlggnzg:ylﬁgei I lmr‘flgp g?f é’lfﬁ 163)2 ohéhe QJ] ev%ltg A or example,

hyglogétlv%sa cftiiday MchiR MR 8o ndt Yilfiieg @(Waﬁtl-AIDS substances, anti-cancer
i"Fer S, anti - convul sant s, nuscle relaxants,

ant;ubsfaacésg mmmtagemnompr%%tssfﬁas KBEPIOTIE d%%‘&ﬁ@gmts

t t K
anPRO TR PP gl Oy PRI s ARG Bl st obans.

antan AR, beti-caitulsams Ghmteablaxandamia@{arkmwnts, anti-

conpounds, nodul ators of cel xt racel -
251 nsxeqsa’@fh% A i g e el Rg ST s Rfrg fbdand an

Eb? , 1-%&&‘1& &)‘inpo\ﬁﬁ&spdhti 9£rla§i@, agiptogyzoal, and/or anti-fungal
tors

compounds, modulators of cell- extracellular matrix interactions including cell growth

inhibitors and anti-adhesion molecules, vasodilating agents, inhibitors of DNA, RNA or
protein synthesis, anti-hypertensives, analgesics, anti-pyretics, steroidal and non-steroidal

30  anti-inflammatory agents, anti-angiogenic factors, angiogenic factors, anti-secretory
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protein synthesis, anti-hypertensives, anal gesics,
anti-pyretics, steroidal and non-steroidal 30
anti-inflammatory agents, anti-angi ogenic factors,
angi ogenic factors, anti-secretory 7 factors,

anti coagul ants and/or antithronbotic agents, |oca
anest hetics, ophthal mcs, prostaglandins, targeting
agents, neurotransnmitters, proteins, cell response

nmodi fi ers, apa?lﬁél\%{;ogig% | omlbdti@ agdid &ichl deahietics sgphthalmics,

daitergi aERPSH ve agent Is a drug,

: ' AL Shodifiers, and
gp%g?%g%ﬁjﬂsi, fikdeRBlg afenty, aanbiranemittrsh PEOEIRY C%b EEPPISE ’
rugs suirtable for use in.5 th ! | AVRNRtd may
becéioemdnacertain ar%tfék&l’?‘%?&@eéﬁ%% &%@%@Oé %%fﬁ%’ hes"é?,’ :
Pat ent 2 mord PRENIERIERSO! Hayachvehgelktsemitmperizmdrugysugiaple for usen
I ene

Engel , i cal Publishing, 1999, the " Patents,
5 I mg ?i@smﬂ\rﬂnﬁnﬁm ap belfaund fin ‘Cﬂ@ﬁf‘%“&f*g‘fa? %PEF@%H?Q% n%ﬁ[lféges, atents

S5l p e S i

PR §G0PRkigx: 26 BRiylepadia o Gharaibels. X0 gudPicpRigeiny Bdited bly
the United States Pharntgpei al | mhdd6peia-25/Nationa
RS adawiBudavaroe! b, CE@C?I?SSaﬁg&%t fis Lﬁ%ﬁgg{#&ﬁ&; o sche

i rkstof fe" i ¥en SkeerRhamerdperl Convention, Inc., Rockville
\é\ﬁ’m‘&aﬁ‘?ﬁ‘e’%@%‘? Efﬂ%é% al | of - Whi £h 8T @ on K eemann ct ol
10 | Mp,rmadrekihhéﬁmmamtlﬁﬁ&“élﬁgg.fe ’[fqiﬁs ?orﬂl%dléwrmn uIs);eugs for
listed by the . F n : 1 oraftdheredBly t h
3G1uted %gorkt Eﬁ)ﬁ&ﬁgsgﬁ&g%ﬁgﬁms For. v terin g‘;giugfgo
| I@{,ﬁﬁ WY 1idchenyhe FDrdendep 21 C.ERR §%§@é’ 3% lh'S{)‘?l“&h Eg’gﬁ
all of which is i '

i's incorporated nafReence F.Rr§ 500
al thugin A0 @f&@‘égﬁf@fﬁﬁtgﬁff%ﬁ% ?({‘ﬁwl}ggmi)n accordance,
i 1) 0P S000 Y Bbiorutcheci by et i g onder
ap'b{qu $G %'Re "ost eoi npl ant _ her ei n.refers to a

15 dejcgepthle tbrase inr asgerdancemg inthe Presgi T Glrat i on, in

' ' ined or
contrast to ap., ndet ﬁ@&@)t@éoﬁmplaﬁmmmrefers to a determin
confi guBRiFER {If e‘?n%{?ﬁ;g

case of a lunp or ot jd

na;e%ug; £ SRefigirations in) coatrest fean OAEPRRET PEHJ‘E‘E gfrﬂl S ,
such material s as sheet Slamolo%%f | daB kS of fityEesial form) and is
sphenfegoratigh §a6sp eSO LUBiNS, screws, tubes Legt i, cones
bonﬁs ?ﬁsﬁi‘c |, P BB md6As asubdge platesy bloakie pabest SRR S ©O"*
cyF HERLFE ' and the |ike. The @PrasveJ (iég\g(?tc fRdER¢, @gSaded cylinders,
205t HRRgdwaibat, itéath, SenerePUFAT PEPRFS™ EFPHE

conpé%s%ai}k\ée strength of the osteoinplant after the

osta@ nt has been imersed in physialogi h

sal i ne (mﬁgﬁfaséméiaiommgssmegt@“gﬁ'daﬁ féézeﬁ‘he%éfgelﬁrs %ootr‘3 4

a mini mum of 12 25 hours . Y BarBoftfipl2ut Hapbeeg. immersed 10

Corqum@ﬁlvesﬁf'rg@h‘&(tﬂe?%m I%QA%PFH nown maasurte nt J%f am of 12

trrgc aQiIOFogcaﬁgalii%E‘GMter aitieg 60"e0¥aAOE8 Flavaterd 1 84T EG

HES _ ,
25 hou?s :nd aer(l)lingpri'lluranngf Z%fhotupsl. SCo'tr?p\fgsrs]lt e%{}eﬁﬁ?isla W&l known measuremen

of mechanical strength.

The term “osteogenic” as applied to the osteo1
osteoimplant to enhance or accelerate the

mplant of this invention shall be

understood as referring to the ability of the

i nesis
ingrowth of new bone tissue by one or more mechanisms such as osteoge ,

30  osteoconduction and/or osteoinduction.
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understood as referring to the ability of the

osteoi npl ant to enhance or accelerate the ingrowh of

new bone tissue by one or nore nechani snms such as

ost eogenesi s, 30 osteoconducti on and/ or

ost eoi nduction. 8 As utilized herein, the phrase
"superficially demnneralized" as applied to the bone
particles refers to bone particles possessing at | east
about_20u1Bed ALreRCIHEHRFasE sulpdPhdiall PdriinAllized OFsaBpliel to the

m neral™ content. e phrase "partially dem neralized" hei
ason@patticied réfers to hendymuiclgrarossessing atrlegsbabout 80 pgight percent of their

l | L B i . applied to
A i e Rl o8 e et Bl Bt PO applied

aﬂ%@ b%ﬁhepa?ﬂélé‘ss&fél'ri 18l Homfe gaﬁbnepgdséss'mg'fromsbcmp Blto aleput B0 weight
the bone particles refers to bone particles p . -
| persene nEheiatopiatabinoreaF ERERSE) SpRIegL Bd His oS oy Feliftaized
el Ao PR | Lo 1h Gbi@bariicled gRRissingldsethah about 8,
e glnl?&% ‘&ﬁg‘h}f rarlgyii%reg tterm "%Iaerlri neﬁgl i.zed" ,as,  content
apiefdarsidy tess thae aban é, weight rereent ofsheip pagigal dnerganic gingral content.

any one onbi.nat i on of .t ' 1&is i ded t
B Saralio R AEh P B ARLE ColBRaT menie
S P&k fhBbhe GtlcbmBBiatioh af the farpguitg tynes ofsisthiteeslized benepartiles.

wel ght ercent. Brief cription of.the i :
i nvent Usless @th@%&ﬁpﬁ‘éﬁe‘@%ﬁﬁnql%ai%’ﬁ%mp R él%}gg?/grf glfl%clght

fi%rléglﬁs of the drawing, in which, 15 Figure 1 is a
s€H&fat i ¢ illustrating stacking units according to one

enbodi ment  of the invention bein iBserI ed into an
i ntervertebral cavi Mﬂ%@@gﬁg—‘%ﬂti c of the
arrangement of UNigtS b FRcdSreAGOS ikl RPerhDfigted afube drawing, in
enbodi ﬁPEwg?m}ﬁg&%HbgkﬁFon. Figure 3 is a schematic
divageram i | lustrating the placenent of a cap-shaped
unit on_ 20 top qf harizontal | disse tofind Yf®odiment
4 is algweldds pechemaye é\lﬁﬂs{}?tfn arcgjgngﬁlg’ﬁga%gri e 3(/) of
exSHR Al ohtish bHnk iseded il an iikyvenebiahcoitpor at ed into
stacking units to inhibit relative ti.ton. stgikg;%@oréﬁnk%various
a scherffigure 2 agehematic of heaHengRpeak B PTE N S ERE56s 1 o
st agki,n ni . ding to sone enbodi nents of the
PR ‘i‘téﬁi':}“gg‘?@“e i ncl udes schematjc di agr ans sg‘ffl od unit on
st acki nuguii 1 is aaclmadicrigagram dhehpingrthe PlasRsRA Fbht®-TFP
the inventi oH. .

top of horizontally stacked units.

Figure 4 is a schematic diagram illustrating a variety of exemplary structures that

may be incorporated into stacking units to inhibit relative motion.

Figure 5 is a schematic diagram illustrating exemplary shapes for stacking units

according to some embodiments of the invention,
Figure 6 includes schematic diagrams of stacking units according to exemplary

embodiments of the invention.
Figure 7 is a schematic diagram of stacking units according to an exemplary

embodiment of the invention.




Figure 7 is a schematic diagramof stacking units
according to an exenplary enbodi nent of the

invention. 9 Figure 8 is a schenmatic di agram
illustrating stacking units according to an

enbodi nent of the invention. Figure 9 is a schematic

di agram of stacking units according to an enbodi nent

of the invention. 5 Detailed Description In one

embodi Ente s AN DA TRARS IRRAARG ALK S adcayang ioom
conprise a plurality of  stacking units fornmed from an
oghaigaatof denpastive materi al conprising bone or
ceram ¢ fragnents enbedded i ' |1 iment of
mat 11 S Garss o gragrip of A Ehe SARARLIENE (P, Yidime
Uik bsvedfign. Set forth infra. These materials have
excel l ent 10 osteogenic properties, and can elimnate

t he need to harvest bon fr,lo he .patient for

5 autografts. The cranial £ L faces of the
body of, e‘éﬂ[b%ﬁfi’ﬁe%t, %f)ﬁlagiﬁﬁﬁe{rﬁd dc¥orditipaade: in¢dntion comprise a
accommodate the Intervertebral discs), w

th a . ..
C pluvetityio Bstadiittg wnits fermed ifgn) 1) QKOBPHC FPBROSIE MY EYPPrIsne
to individual. and.f eby. Bl goyrer bhdehik NThédetails of
s E‘P?Fe‘.’r PRy hf‘%rfl%rﬁ? E@Eédgi:&? #ne%lg(t:érgl?a\ggg of t he s pi ne “
WinlaterfagMBr @i fsfaCking gnitkeae es Sort infror (det_‘,$esnz(tgra@kw&§cellent

curvature) and kyphosi.s.(forward t T ent f
10 Soumusonmonsaiey SLE P BhEF e R o om e o
p@%@%&hggical di fferences can be accommpdated by a

syst€ém of stacking disks, optionally. including we
and " Cahe trapo IR MR gL VROV KBEP AL By concave

32{3}%8?{0‘{38%'[% le dﬁtlg SMggaRgﬁ%é)ﬁm%gl FouPRHRE thap b ais )signHjcantly from

to correctly pl aﬁe %49
t heqiviat el irmkvidiid end fromeertetrato vartebeithin Hespinge i adqtion,
fit without needing to con uct ' af tur
T L
S ea%?‘ﬁ%hogfs (H}@a}d'd EhRatusdi Mhe pidsé ilvesets lofve secgenikethat these
S

uni according to one enbodi ment of the i.nventi onall
Aephs ologicabdiTarmessican ba OB P Ny gL Ao h b Tk, optionally

sur @S{l#lg w%g%%fpagﬁhg é‘;’ Esgﬁﬁ@foﬁ&@ﬁﬁ{hcaﬂﬁfs&ﬂ@hﬁ aaplerabdsgher

pd% nay preferred in some situations , . o
Theursddaktly a8d Hsécast phme).bBy phiag sdching prifscasy BRI pRLorrectly P

space 10 in order to onot e ' f . 42 i
20 aniéie Yartebrigy the Suracon £3n ag: Fgéggir%%}fgﬁ Jﬁ féﬁ%%@l%%@@t nstruct a

se %gi%ﬁflsﬁa ed Irhplbefien Gdadled ofaebeey.ani al surfaces of

vertebrae 12 and 14 respectjvely. . . . .
Figure 1 shows a scgmerrlJt of the lum%ar spine, with a set of stacking units
according to one embodiment of the invention. As shown, an anterior approach is being
used for surgery, but posterior and lateral approaches are also possible, and may be

25  preferred in some situations. The stacking units may be placed in intervertebral space 10

in order to promote fusion of vertebrae 12 and 14, Two “cap” style pieces 16 and 18 may

be selected to fit the caudal and cranial surfaces of vertebrae 12 and 14 respectively.
Note that these caps need not have the same curvature or size. Caps may also be partial

(e.g., a half or a quarter of a full cap) so that several may be placed on top giving a

10




N EEA——

10

15

25i s abortiervadatednAgRLOBHAMBY TGHT

30  Inother

20 al sigesmdishams weld ey AswiBehie

Note that these caps need not have the sanme curvature
or size. Caps may al so be partial (e.g., a half or a
quarter of a full cap) so that several may be pl aced
on top giving a 10 customfit. Further, if there is

m ni mal curvature of the surfaces of the vertebra
bodies, flat pieces nmay be used instead of caps. Flat
di sks smaller than the full width of the

intervertebral..space I Urfacesimansatebral bodies,
OBy SPUPE: (78 R sPapaR (R ahRer

a .
it g{eefkt&lé/yebeem@ dhisrad of cdphe Fﬁt disks snenlignihes wﬁﬂ adth oL e
to replace an 5 entire vertebra Ll 2GErtebral
bietenwseinbrehspapemay AS Be vesrR B‘Fr&%e“c%%% lg‘%rtcﬁg’ra{‘gigggw 1e ;;n
Becaus L Y RNAbRirherR)] tRe Etackimyuris npydy us pPa
aﬁﬁlrﬁgﬁet'glfl\?é?tﬁee ?t;{tl boaé’slor a vertebr.al %r?%iae t h&iet §8dN Because
" dnffikeverebtae Billing the spapseatwpey BF PR LEIHE The spacg Lbod
bet ween .t wo conse ' ba@itervértedral bodedr avdrgbral body,
m%vﬁﬁflvﬁwfmmv‘g{r’%g%pé%%as not e adjr acent. For ...
ex @Rk intehertbiRal’ s it toalesdribe dra ATt RFen; W I “BAY
may be inserted between hﬁ ande]tt

' Ificent. For example,
earhrasg t oreries s IS B P %f?%@%ﬁ%ﬁf"?a fhoent. Forex

i nterver SRARBh@f Pipart enaylbe isgeeaed etieerveband b4 using the

aﬂl&‘%ﬂi%ﬂtﬁ%{%g?%%ﬁhad geen. rI.;I at st.acki g?brgp{ptage AR riBM%he space

beeatliggy dfatle invemsiode In this GeMPE, MeiRETELFY e

i ntervertebral ' illustrated in Figure 1,

t REMEER &Hﬁﬁﬁéw egc%ﬂgaﬁ%b;%%rrlfore or fewer .rra% be used

as appreRkiaditifg igits 2nyaybe insatedap oxdgEeRAThiSY PEEP R

One advant age .of 15.1he .inpl Qfunith @re shown; more or

i imervertehnal spagipgt g‘? HEJBSE%S%F‘ ﬁgh{)@%?%t acki ,ng uni t tace of

| S B USARICE of SprdrRs fof any ptialargsion ORI regiyanae

St'3CKI né’sunl ts of ‘different thj Cknessﬁ%erHPMa&ﬁl units is

Prepw Irsisiaht fsgstera of theguvatiow 1SR RS BT 50 ) ust gtpi i Ehy'kn s

It is not.necess T gVdddRionasthadirgrursieof different thicknes

on@llﬁf"gg’efof ABH ‘ﬁ't%éygfuggeép surgeolr?ntq c%\éer ixl | gto&igsggrz o provide

| ey ¥eplotided for aansgeomrteschierg thigpdiugabiy. (HRZ T Ag |

far more limited set of "bujldi L &G osable wateiveiebra

20a ksrgecsst @frfu‘e%fé‘ﬁé%m%“{slto Sllg’l"Jgg\é ‘g‘gs"ﬁr geoﬁpots“o GRS LIED of various

an 34301 R DR BB BAIngs memarwirsheel Of GRIANE block

pafticular patient. Wdge-shaped stackij iHe giay and shape
Biripe! el Srispreter

system These units are used to replicate the proper

| ofYSHPEHA PR i ne, to avoid placjng any. st olant

the spi N@ddgeGhapen stickinpgniby 22 eISa bF pagtiyd bpreh ot imp an;

kyphosis may 25 al so be j EQBfdosit ef theyspine, 10 avol

" evwbHsissgennd hee s pEPSE) &’?’%@%\?Ed%%ﬁﬁgi L. MOt AL Lyphosis may

t yg,ifa%irfg an$\sREIoRAhd1pikal Sblammsiuriag obeter S¢§FPe CRpTSEy KYP

surgeries. In portiagns of the spi yatuhite, Not all
o8 %}ﬁ;ﬁgé{ﬁe}f&f%&% @

i mnated. As

di 52083 ?gtaaggg finit shapes may be required for all surgeries. In portions of the spine

types 0 .
shaped units may be climinated. As discussed above,

with partial caps or smaller flat disks.

where curvature is minimal, wedge-

caps may also be eliminated or replaced | |
e embodiment of both implant shape and stacking orientation.

Figure 1 gives on
ontally

embodiments, the units may be stacked horizontally or diagonally. Horiz

11




caps may al so be elimnated or replaced with parti al
caps or smaller flat disks. Figure 1 gives one
enbodi ment of both inplant shape and stacki ng
orientation. 30 In other enbodinents, the units nay
be stacked horizontally or diagonally. Horizontally
11 stacked units may be stacked so an axis
perpendi cuI ar to the stacked units is oriented
r Qu cg?e ot in th E ?t%k%ﬁ 's9 "a% RAS b&pERficulir e eie staeked urits igoriented
& e ron, own in Figure 2, re arﬁ:ilemFl“rez
ofoughllgr if tlrregmc]aior-pqucm@rectm s Hi t‘?fﬁl difegiipn, 35 showpgn Fig
caudal -crani a t ﬂ{bsdaﬁadlf&ar@allasxsm Z,
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The protrusions may be in the form of three-dimensi

continuous projections of any shape with regular, irregular and/or random dispersion

shape or a combination of two or more shapes, for example,
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using a single

30  bumps, cylinders, pyramids, pegs, plugs,
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The protrusions may be in the form of
t hr ee-di nensi onal i ndependent discrete or continuous
proj ections of any shape with regular, irregular
and/ or random di spersion wusing a single shape or a
conmbi nation of two or nore shapes, for exanple, raised
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may be bolted to brackets or plates after msertlon Conversely, brackets, plates, or braces
such as those used in traditional spinal fusion techniques may be screwed or riveted to the
stacking units to hold the implant units together. This allows the stacking units to behave
as a unitary whole, engaging a large footprint on adjacent vertebrae and exhibiting the

mechanical properties of a bulk implant while obviating the large incision that would be
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may be bolted to brackets or plates after insertion.
Conversely, brackets, plates, or braces such as those
used in traditional spinal fusion techniques may be
screwed or riveted to the stacking units to hold the
i mplant units together. This allows the stacking units
to behave as a unitary whole, engaging a | arge
footprint on adjacent vertebrae and exhibiting the 30
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may be employed. In some embodiments, metal ion

between adjacent stacking units. The use of metal ions to form bridges between adjacent

escribed below. Other chemical methods of connecting adjacent

ceramic particles is d
such as those disclosed in U.S. Patents Nos. 6,123,731

ceramic particles in a composite,
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compressed by the vertebrae, so that no additional hardware is required to hold the
vertebrae in a constant relationship while fusion occurs. In other embodiments, pedicle

30  screws or other surgically placed holding devices known in the art may be used to
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to fit a portion of the inplant through the incision

at a tinme, other patients may benefit 25 from surgica
techni ques in which the surgeon has nore expansive

access to the intervertebral space. In sone
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until the unit is in place. Examples of these are given in Figures 6A, B, and C. [he

stacking units in these figures may be produced in different thicknesses to ease the

assembly of implants in differently sized sites. Additional examples of interconnects that

may be used to link adjacent stacking units include those described in U.S. Patents Nos.
6,025,538 and 6,200,347, the entire contents of which are incorporated herein by

reference. Additional configurations of stacking units include those disclosed in our co-
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art inplants. In addition, these protrusions my be
shaped so that they do not interlock wuntil the unit
is in place. Exanples of these are given in Figures
6A, B, and C. The 25 stacking units in these figures
may be produced in different thicknesses to ease the
assenbly of inplants in differently sized sites.
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Fi gmguM seendnapandarpond. Banpier REedTEnh A SRR EE™ L
down by the raised ridge enthdteratte andf cenftial fegtion having
nodiswestiag &mplpnt ey 14y8 43 u%dgé%%mt‘% phy sically hol g‘.gt N8 into the
SN RRAGECHARRA! hi efdiipdic surgesmtinisialy Haert HTiStCEES
Thé “Wedges Shown in Figure 1 serve h?gi§?ﬁﬁe&%@p@s&ion,me

for a self

20| N azdilableapaceraind Gprtbn iMPIANtIPY AP RECTin

25pr dprplantsitet byrtbe ConapIEB s Of 4y

. . . R - . he
di stracting i mpl ant: AR%AKE stenpea esiheld shegurrounding tissue at{
]éql%s?%ug an‘%H ¢

ci PeaRt a central section, havi '
heigher difagcavedgerehil bs make SUFGELH tpﬁ F’F?% qr}aﬁﬁg Bevg?ég and the

the stacking unit intp .t Vil fRbdifecEpafremanitich the wedge is
t hadjappit SRPTAHHTES: ‘?ﬂ%%lpg‘?’é’.ﬁ&?&@ it is pushed into . ..poo e
POSj L ANntolthEinatpsiaera paos, helpsirerdmbthesedes PIRFE DHET
side apart to hold the s rr%?ﬂ%is% LidisHGaktiall he
_ P ng surfaces of ,tEe £ a stack
wedge ory part ial, wRdes andrddmay be employed to adjust the height 0

of units. For example, adjacent stacking units may be fabricated with complementary

i and a
threaded or smooth grooves that mate to form a hole. A screw havinga tapered end

of the hole may be used to push the stacking units apart. A set

iameter larger than that | |
o : acking units

i {
30 of screws may be used to minimize the amount of empty space between the s
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adj acent inplant units, oriented perpendicular to the
direction fromwhich the wedge is pushed into the
intervertebral space, help prevent the wedge from
being ejected fromthe 25 inplant site by the
conpressive force of the surrounding material. In

anot her enbodi nent, a screw nay be enpl oyed to adj ust
the helght of a stack of units. For exanple, adjacent

%létglbumtltg esgﬁleff&kaé btﬁtaqgrg\‘:\ﬂ drba. CARGh&RNt @iy addition, a

grooves at mate to forma hole. A
%ﬁ@ Xﬁﬂaﬁﬂtteﬂﬁatanilaw tmdnpmﬂd fmol the spetieomesither 9196 fdhe FFSTS-

LE?: s osgzyflggxeg lﬂl%ls 8 g%y 62%@9 §§$ Bé\gnsglltje%n taﬂﬁ oﬁlkiag&h{éﬁtlally or non-

@Le{g& hg eﬂsmgiettheﬁe@mpﬁmts&man enplenwe@e:h nnayéne inserted first,
N

units 7 and to dlstrlb Vv
ffOTlG\EBd)hVﬁcndaapsanbg@mgahqeag!.]acpalttvgpﬁlg G%S 'Wéeex%%a Both of

dition ban t Is. A&y bﬁ] red depicts
'ﬂ?slﬁ e%‘?f@plgi)g@é%oﬁs%qp %Ee]rmg’lhgct% i lag “ser f\i\{rs pSe? ’%E’u zsgan da

UgH {rspl 4R VsiRg rdﬂl@ﬁlygﬁﬁﬂspﬂlerl@é shietls 82 thad cororhip the

sequenti al | L he 4
c@%ﬁmalenemmypgg oS R el 4 or B Core AL 84 mbfoc insere

ﬁlB faf difQ R4, mﬁy@i‘ﬁfb&ﬁ&ro@hnﬁctmgfgomhlem@qag@gﬁ@'usmns
ver al endpl ates, or vice versa. Botfqheéo }5

e&aﬁpb&eisabnaq migp by vead tp RTEYENTEIATLE PRUYT ARy R s " For
ex anpl u rboﬁi}?%%o gg{lgy bedbsirdié ﬁ.momlﬁndmjackmggmﬁty produced

hemsp t"hat conformto th end
a%n?confp%@ﬁesamh d;tamnab:aqde dinupae embadiment, ﬁ‘é‘ &‘%ﬁqaff omed

a4 B g s g o

gfaﬁﬁ RS el REd ﬁlQH@l:@iﬁﬁhﬁ(ﬁﬁg!nsmf@hﬁr staskovbild the GRBEPYIEgLLs ar

e may "be used to prevent ative Fm d
CQmEIbcme‘ﬂz'sr mﬂmo%tbp@ll@%ﬁ%ap ﬁ'lhe c?mpm @bﬁ%gi?t}%&%ells and are

tOeg %2?#; u@% Wﬁ%é’ﬁll&gﬁw&ﬁ @dntnﬁﬁtematb'npepbmlgg strength and

wiTETRe Yerials. I one enbodi men I
u rlk bfa gkethboit H:bee rﬁ:modv;lbtbtorﬁné@ge@ﬁp%bqﬂc%ﬁ E%’ ngfough fatigue. In

osites and raf E&ﬂﬁf& bmmeed in
ﬁp‘@oﬁwnﬁe pf’s te Sga%ﬂ% r%%; ir%fl‘:k‘:%lngrt i ons. of

% inatfoh Wl dae 69 Bﬂﬁplam o oo .4, D 56.443,987;
e of the a

orods & t r 93’36159211,
at 6,8683516 61374, 9B6ich, 543409 ”g,gggg?seyh@gﬁggv@%l R,
214981 849, 1SR SANHTIL BUDSSGS 10D, HEOHAS, 24, U.S. Patent

4 size that it _c | £
endgRBRUEND: m)emh]ﬁa??e RCT Mhpgthmm@gﬂgf IEER i cpheh® of all
ot her enbodi rrenh% the, ‘ggcq& Qe € stacking units
de WBichBEINRUPERAHAIFIFY, R conbi nati on with @%31 How soace (o
type i "R aRiter smMbbdiRent Hesecking chissway bafgmad yig 271000 5P

6. 443, 987 20 6, 368, 351: .6, 371..9 #6(Etex Corp), Norian
5 8By Sikinjecti @BY angsicogenis iy, E’é’e’é’g’l‘ﬁgg" (15'3 211"

6, géé (glggang %4)7 Grattbn (@st%éécl?)?ﬂ)ymfgrdfﬂ@ﬂk@apx}s og'@y@ fwb e

Pat ent
material disclosed in U.S. Patent Publication No. 20050008672, One example of this is

shown in Figure 9. Notched complementary units are fit together u
ow the upper units to be slid over the

sing a cross-halving

joint. The ends of the units may be curved to all

lower units. The central “courtyard” defined by the units may be filled with a bone
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Publ i cati on No. 20020106393, PCT Publication No.
W01/ 70139, the contents of all of which are

i ncorporated herein by reference. |In another

enbodi nent, the stacking units may be forned with a
hol | ow space to 25 allow the injection of an
osteogenic material, for exanple a-BSM (Etex Corp),

Norian SRS (Norian Corp.), Gafton (Gsteotech), ,
nagr.aft, (.G t. 13 Qbethr it@p4. The centra
ey (R Bt aslimthiy 6 %’gﬂ%n e T 08672 endplae
GogicwemTite: wiitstohiysel carved o oanfomm Fith teesndPlaRgy (b e eP
conpl ementary units are fit : ' hese units may be

o B TP i AT iy HEA S icRPoPthese urls mey

G EE k9 Rl iheWetthalpRes. units to be slid over the 30
'ower units. The central "courtyard: def] ith
uni t s Imagother emtiodizaenki AURETYISH solid ﬁi%‘%%’é{ts ir'xfag’tt%)f’r&j%id w“that
mat erial .ei ' R vkied t® Eivb Yicdesy ®©dhé camtral column tha
twaikfﬁﬂér%}giro lé;g@%gyﬁ%gﬁggﬁ? r al ]ct)oEltvi oc 96 gf ;| hq%ur“r}if? or by
NeyulRdroavistucidng aniconftisely. wither usHE SB?%%W&P%I B stpqraE Un

t he endp] ate, has, bee ' l; h an injectable osteogenic
potpa bt Joior TP RO LY B £ PR PG B ety oo
”theﬂﬁn. RS SR 4red obdflows hiso thetspaoedetvetsn she aspripiled wnplgnt and the

anot her enbodi nent,  otherw.se sol | ' A 1S cORSS ith
bendpiatauewtecing WYafallgrﬁé’E Fhed@mapg?ndglgg él?dﬁlgd rﬁ%qg lég%ért? cmay v
be roghi ded to give access to the central columm that
r 88UTS ™ rom stacking units vertically, ceither léﬁ%rpgal

speci althyayradocheciesirabdékioripcludg %‘@W‘B‘}‘XOQWW RN ngd ‘
a hole, This central_c ' forddad twbé Rerghard and rigid,
i BfOPETigH| EOTFSPRB 3%%%‘1"3‘? Hb?ﬁg p*nég erial . o
0\%& {Hﬁgy\@l%} B gitélrhﬁr@ﬂ adth et Wesible ws?f@_é w@%{@ﬁ%‘gj‘ﬁﬂ £ro

and the endpl ates, correctin e Aertaki®ely or in

" epinpositea pitheeHawSrRIBPIER Ok GTaiE of Pone on#clcl)grsinj_a\?vietr? one.
ANGLRCE b B3 e B8 kpirdd withsoesi saskinggnis, o
u OB POAY yi ng chanical pr %%erti es F?rrs %{S%H'Bbﬁveen

S QRRk Hyaskifagy ofthe sdimsivendispisesdabaye 18Y B EHR Kar dh

and rigid, nd .t hes &\ 8d $P&ies sbrukitriatiomtoghe

f |sEaekipR Y| ?‘é‘:% 1@81?@@%%%%?%?1{{?6“ cat ed@lgbr Om 15, 0t may be
c qmgﬁjt:ﬁﬁyr%ie?ﬁbsa)f b unebranmo Deswiptions RRGtAFHRAgal LAY
particles. ternatively or in I ki N8 899,939, the
stiatekipetgedibgtveeThEgcing ‘Pﬁt{s &4 p? s rfg%glq\i}mk{' ﬁ'rlz:aéﬁlg osite

st acki 1Sare HMcorgoitékhdréiy @y sefefeneny of the
ad‘f?é’%eln\gsg)s |léscal‘1rgsecdrﬂ§bove may be interspersed between

stacking units. Such inplant stacks may provide a
beMuerickppr oxi mati on to the nechanical properties of

a vert epr gl Uil fdyR8 kDS pRipatibenf thebend pdrticle-Rantaining
ouath, 'g%ea]?orﬁ%g)ra‘é%g@gg% ggt b can a‘1:ki sﬂ%dy o tl’stic%cgﬁ)us bone
f Obifipdsitidd.can bPabteited fom @ré@d cons!lopshd/or €0

which may be of autogenous, allogenic and/or xenoge '
s. In one embodiment, the bone particles are

neic origin and may or may not

contain cells and/or cellular component

obtained from cortical bone of allogenic origin. Porcine and bovine bone are particularly

advantageous types of xenogeneic bone tissue which can be used individually or in

combination as sources for the bone particles.
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contents of which are incorporated herein by
reference. Materials The bone particles enployed in
the preparation of the bone particl e-containing
conposition can be obtained fromcortical, cancellous
and/ or corticocancel | ous bone 25 which may be of

aut ogenous, all ogeni c and/ or xenogeneic origin and may
or may not contaln cells and/or cellul ar conponents.

o OngSP? Pagg“:l %bé Pﬁt {R?gﬁ patihg of SRvidkeequeitidisodakes of an

from genlc orlgln Por ci.ne aL? 1l be
l%ﬂl&'ﬂe%n@@xﬁ%la&bﬁymﬁgé sectibmof lgoneamlggl}é@u@u{ gbtgge mill may

b t whi as
st g AREE PoYInG e hp SRg R F e bk SUal 4 sl b

Jsﬁm?ﬂ‘%o&%tdr%%e% JRYaD® a0eimbmmthepshanibklicah uigs resembling a drill
sequentl al surfaces of an .entiir
bt dhiringlthe inillingproeess; thp befte BHHRE °‘7§W8r§“§%?‘2 F%?lral F owth

fluted end JGRonkithelong heiv pfithe end
ST TEHE B S S oo

hagl of$hd @milghg maetony delpltiple fasies 9§theg1pmh|eléqal fnaj: Q:lf%%eﬁél}e bone

rat her than_helical flutes r halBobé.(Fi .
iy i e AL TR S

SNER sExrl’?édtlﬁﬂgn MRhe! FiBérs gFeqattitlesfmy ingrhleps oon gspleﬁé'aqubﬁgz 1 or

aX|s e piece being mlled is. alon 51,
ofredtbie Ienome ginbpdigenispibess may ﬁ@venaé&eﬁtft 0119 %;%ﬁ Jaﬂ? 9r aMkast at

r@gﬁsﬁl ﬁ,go;tr‘}ga%?lgl?nor@%ﬁ gidhtegnd m || over the bone

one fibers having a |ong axis paral sntg'nill
t hat Oflohftedbongifitats haynaso l(q:prg@ncgg uilylg 3 the ng BEOEFﬁ ing
et e 000 S SeizRu ; & theahtitet@atensrd which are
aé?ﬁé@'?edrlaFP@“I?F’P Silgg?deq%'ag!r“egtb e?ﬁmﬁémoﬁe . " o
mﬁ ﬂi F‘ﬁ&fﬁermﬁ b eéfsreny UsavLthistbone all respids iaghepiodpstion of long,
east 5:1,

evidn sigipewhih, qugkb?églt lgggﬁlg%ﬁé Qq %"8&@5 tub%qﬁ& b])ﬁc Eber@ 'Elongated bone

pr od. u%gd u S%ga dteg erbp %ﬁferé}ﬁ gﬁ@s&alrétuwaw éhmnies ony krsgidgsifable

c SRS %S Pat 607, 269, t
c @ﬁeevbﬁpa@ﬁclwmmnwlm PIrESeDH am@veaelb%pm@rpg(fenpﬁg}c ofloiliéed using

ref erence. | ignderortdagrow strips, etc. In
pﬁhjélﬂé’tlmﬁbﬁfde?cé'ﬁ?@é aﬁ@a{rﬁﬁﬁ @érr.«% gggﬁg. ch qui c@)g;curl

| eRglhME SEnbimRERY, bdae fibdread kercrysely Himensione igist mgy be

bo ticl ded |
r qi?smmgcg{;y Ig][ip]s;g,g'g m&n@g rt%g‘% \Hllggltlc}m% Htlfoﬁél? ?glsgl;in?gﬁﬁr plédeing

31: g.l eSCl}th?)% Qﬁﬁ‘gsﬂie faxisl(&g. ouewadbd is aplpe'altl*amwgdge)
frgS uc

t hi [ |
as fil anmtaiwelyl dyeém ggc{ltrilm, gggllgtf’re gp%ﬁgpyrb?r rﬁlgf &/‘lapgéjpomon Zf
Stri IOS gﬁf‘?ygla‘?‘h‘éils‘{q‘q‘t"' Xﬁg%@@é@tﬁﬁmﬁng abbmﬁ shwlpe a liamond-

anPngaR ioned particles ma oa
pr ﬁgﬂ’é?lesgwb]?oﬁklaﬁplenﬂw bond J:anrtg: cuf b meking ,t@nwe{sr:l cpﬁs QPSP

" lt)c:n%%g(?tmncor%Itl'?eeallplppoprlate lgng%g] bilowed by longitudinal cuts using a band saw or

ed particles of bone can be further cut or machined into a

a diamond cut saw. Elongat

variety of different shapes.

The bone particles employed in the composition can be pow
g from relatively fine powders to coarse

dered bone particles

possessing a wide range of particle sizes rangin

grains and even larger chips. Bone particles for use in the composites of the invention
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broaching, cutting, or splitting along the axis (e.g.,

as wood is split with a wedge). Alternatively or in
addition, an entire bone section or relatively |arge
portion of bone may be cut longitudinally into

el ongated sections using a band saw or a di anond-

bl aded saw. For exanple, the bone can be cut by naking
transverse cuts to prepare a 25 bone section of the
apprapriate len lo}da€l kb 1G4#nS greater than 2
fEi i S R R R B Sl el

Pairh] grb@er thin bbmen, gasatdphahulOf hem, o7 greatnr oD e 3 hichmess

a_ variety of different shapes, b Gk etween 1 and
c HSIEPR . 0o o GEAEFeRRST D BIara g b e beweer
PaiLiGl £5 exARE.ARE) 4 22ndisdam! Boge paticleantal bk everily dinensioned
ranging fromrel atively fine doo_\gﬂ(grs t.0 egoarfseg Ir?gome
5 gr(aignhaving aspeetratios hysweeati hand e iy bq Aloneatef, M 3R
in the. co | §es. Elel bisREs a BdiBRMenfthve miedian thickness
| & Oﬁlrﬁ?’g?’ééégﬁggagg%%ﬁmé?%r exanpl e, grgtgter t han |
1 @i of4tdaise: | § M aras0S: 1 marleagh 19ak: @F leai d A 1108 GHT SEfRleE: 8F Sxampie,

than 100 Lor greater .than & Bie€ KREGSo of length t
beitt\kié‘éfrﬁ%ﬂg]@-1aﬁ8-qzgﬁnorflgmeé%%?%%}%%ﬁ&g% 0.2 and e
gni}li Bh&s %ha\y rgﬁ ég Beb wg@m oi-rrﬁ:ﬁ?_ In{zﬂdimm, tooe pm}@lﬁ, may have a median
etween 2 and 5 nm Bone partjcles ne :

10 o hemgth o medias widh gatio ol A8 25 6&@?“52‘%?@2‘?3%25%%6?? §3:1 or even
and 2. 1) of M 1gajoed 401N SE0MR0: K eboel: ent s,
boﬁrggt re%f(l’rveé{ gpaéf ﬁ?ﬁ{egm?fay possess_a nedi an I,engL%h 10 an
medi an Tiy sdoe@asiclas adydesteved imedidferent diamgger pigealp climynate any

at least 10:1, at.least 15: r o £ Qimay b ¢
e g s s

) or

| NS OHEEnRIHR QR I Hess collB@led fbiner rofilingmaetting way bhiveRfitized and

may range up to 500:1 qr re. aaddi t | _cectional
15 pamanedlbysigysg lﬂ‘g@@ﬂ%ﬂﬁééﬁ)(ﬂﬁmf@ SbQ HBYR atpgﬁfrz]r;gl : gﬂ%@weﬁlﬁna

ratio of aly | easity A the aftwill €&BfniBe that it siceingmeliindiwillgletermine
Iegg’i' ni]g:l, or even greater, Tor exanple

e, at |east :
2035hat APect mudOfall, wiltfin 300-3Q0pm, Farer emgthyis infependgnt 0 cross-sectional

particles may be sieyed int i ff.er ' i the $ength of th

t o din¢nsionand maype W%@ge%l@’s?ﬁ%sglpéthg ibggé(??é %‘?E?% i%fbl%tr s or nel ot e

MORG iﬁ‘é&%&f gﬂﬂﬁﬁ@‘ébmn@ alid thithesogtebsion Eibetsamypy kesanipch long or
odi

I n"Oone e ment, fibers collected froma mll] 0. Fibers |
o coae e e S AU ] i, o

a range of 300 ism in8o@ o PRNhingialian depending on the tissues
cr dha ATy léllcgr?gsne??g}l@ﬂ(mg skilled in the art

Wi | Jnd hBRAERIERait dagratdre Isdeed inmayrbe Aesirable(19 inglidg some, golume or

what aspect nust fall wthin 300-5 Fij . .
o i ontion el Drse U agRTPRI T R AR oory esponse

nmay
be ol fd b HE L PSkenhitoRirallenfimgcsemenialipgeling them between
theﬂ#} éﬁgqbﬁgo'ﬁé%%gﬁuﬂgi&t in cor?t act wth the bonee f%JeH ng
25 hethetturirpddgetstens thenfsioyed a2l SICHAC PRRR Y5 g or

Alternatively, fibers may be broken into smaller fibers by pressing or rolling.

The resulting fibers may have an aspect ratio of between 5:1 to 10:1. Broader or

narrower fibers may be obtained by changing sieve grate sizes. Fibers with different

widths and/or aspect ratios, may be obtained by adjusting the milling parameters,
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20 greater and may be as short as desired, depending
on the desired aspect ratio. Fibers less than 50 m

| ong may increase the |ikelihood of inflamation
depending on the tissues and how the inplant
degrades. Indeed, it may be desirable to include sone
volume or weight fraction of these fibers in a
conposite to stinulate a mld inflamatory response.

C‘E) r {)"’{’e% ﬁ it pn?ga%% el?rrp E@kiRpthl et Anwadall@ppearance,

ual Ty ro hem bet ween 25 t
%wihgﬁtb BOES particies ¢ande dsscenbedj apfjlaments ofibesy, éy?adjghséefg’?f Or narrow

size fibers. At rna i vel Q6erit/ oK &N atleast
SHipSs| &¢- F‘isk?g’r?“ﬁﬂs’ SatﬁleXs(t)?l;dukPﬁ? ?Jﬁ{g@y The resulti r?m

fBQL?rﬁ weith nt&ﬂ aﬁ&ﬁﬂ&boﬂt@ﬂlmlg}ﬁ pbsenied thedone p@ftlclges utilized

Br oad fiber
dh dwg)rqgirmog\rpé' (t)lggtg)?)g rllargq%\gg;con%g]lrg%gs gor%?/ sﬁ%a%?%eg{r £e}§ t@loﬁﬁate

wi dt h hr?g %ﬁ%gaﬂgﬁgfﬁﬁ bAiéhfy bapartiaRy &bdcﬁnpilﬂelyblymlnerahzed in

adj ust Ing paraneters, 21 includin
Sse&do rddute theirage et mmemhcoggtg]pt 1ﬁer2]&a Fl%thgé\gfeaﬁve the

appear ance el ongat.e Scif 36tufiénsO Sach inethedds are
aiBoTePRig FUA¢Tal coln?pg F@Of? ﬁ éﬁﬂlbﬁgﬁ der or nasrrovv

SLE Eﬁow@ﬁﬁhe hef, s8O 62 eﬁmpiel,u Rmidt ¢ al.aProc att Agish 1. 89 pp1601-

wel ght percent, for ex , a @i, th
pla&(lSe(ﬂ@'??d;mmrpq)r@g:gt e e%gl LI'E;%- §I‘i‘enlgggﬁfﬁ% dcad M\ﬁ e

@u atort mh@ﬂamaemhzamnn @Teamwét will
bg}‘i‘gcgg{}‘% +§§co‘tfml%4a%nﬁ?ﬁ% cro osition herein,a [ be made to
e lapgithethe BRenbofiemearslizetien rr%ﬁé%rert?ﬁﬂl? SO VA = ]
partially or co ete [ 65-372 (I96l6Y, also incorporate
P pstro el et 410 g&% &l Wraflpls ek 1 g0 aodey, a

m neral content.
Dg i NeSyAlefctdiice.on met hods remove the inorganic nineral

COPOn e O rdary dohi T zatand lesi#6 Bubjected to a
ot hoti e ey deHnG AT RoRRe, BEbthe ffclastts Bubjec

R%ﬁ% eg}dlé%fectl R, wWidh-is AlRted Bgian 268 deppredizaia sigosin

I'ncorp at éd herein by referenc n Iy, at
ofexéx’ﬁﬁlag(:decﬂatsmg/ dusm(fmtam spdutiopHs R aweoyﬁ%o?lgm-ﬁ%? ethal E@C glgglnan y, a

and t at j,on R & e ié)Dalidueé@ iezbout 90 weight
wilggst al?ﬂ’é’{ ghau rtﬁiepeté%?“gf%% dem ner(al i zati.on

R%e?t{eﬁf‘&ﬁiefdﬁhﬁéﬁg&nf agh asjalmiy)l)kﬁéowga:@ present|in Mrﬁf%tv\’sgédlsmfectmg

et al., J Bioned lal s Res. Goh3iRe hbPRE)period of
al smhltloné@l@wép%ﬁ ‘%PdeQiE TP AR g‘%@ﬁ%g(ﬁw In an

exe gr h¥x Qﬁgﬁ: ofbdntdtibORngd @[Cthei defatting keluperhis from about 60 to
cl'es™ar ub|

att ected to a de |
g t gout $hiveighi 1$:r¢emjl hloolad apd mapf I%Eftr’@%bfe%g ﬂag’ﬁﬁ%ﬁ? al:ho
Ste BéEmtaaidtoveotime oogffgcstherr
aanE){ B%ggfx %&Ettﬁlg Xor%%agtéc{[lésrhgé Fhiié agidtoveotim

ion anol. Odinarjl

abQéHnnéthi@loﬂb Qtt adi0 ajse dtselfcctbghe\hgpcbw klgfr}/gv@ SgS» (eg%’?a"tlve

about 60 to abouyt 90 h 1REd gﬁhfgtstdpngclude inorganic
agmrogr%w% a&&é?ﬁ{f’ﬁ )y € %sotﬁ}flt(fggrgggr gsognt in
t1c ac1d Alternative

def gk {af/adhsdrBé6rid &8 and organic acids such as perace

After acid treatment, the demineralized

acids are well known to those skilled in the art.

bone particles are rinsed with sterile water to remove residual amounts of acid and

pH. The bone particles may be stored under aseptic conditions until

thereby raise the
on into the

they are used or sterilized using known methods shortly before incorporati
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20 solution to produce optimal lipid renoval and

di sinfection within the shortest period of tine. An
exenpl ary concentration range of the defatting

solution is fromabout 60 to about 85 wei ght percent

al cohol and nost preferably about 70 wei ght percent

al cohol. Follow ng defatting, the bone particles are

i Mmersed in acid over time to effect their N
demi ner al,i I\,\bellq&bﬁmtt@ﬂlob@ﬂellddymt e
KPPPPRT: dﬁ%&"é‘g d‘:\r/nel et lgétalhgréﬂfgﬁ‘ring%rr%oor gani sms, . and
s,ROfo@%xanﬁﬂb die aiodeaeﬂ h@w&y%mwh%?ﬂ%lcﬁ"’érﬂ‘ or

i ncl ude | nor ani c uch I Lot iHisaMR,
S eRED PRSP Lol T G B 101G SagpsRr i e L

IS roARRiNRYY aSIRNLbS, Schase 1963 Nbed?2;lF0(EAR): 8839, the contents of

acid treatnent, the denjnera e
et 0f,\t1kash aneenqqr]pfg@tgd heren byiretergnge- V\g@g etlon%g?e bone particles are

o I1d Ao %le%en?{:?f e dflderhifgraRiyd boak pﬁ'tlt]bewpil-result The
e ? es nmay be stored under ase%s red
adieﬁiu&ﬁﬂxzuw bmhe ;iiﬁtnﬂbmanahe@ hegmanediately ghap E‘é‘ﬂa‘l}’s‘?eﬁé

known net hods shor fare 0 Q8lyiifh Gyophidized state,
2onfigwgHen PSLOTR @BP‘%?%F] 1 8%%11‘!5%53%%‘?%% n" et h ggb ar e

V\ﬁﬁ kwrdé ‘Ar’% 4t 9 141Qf8e. SK& bl glebrnanive keaseptic pro:p@pmgg%\chﬁ prage, t the

cited in Uist, MR A nor hod
£ particlch dereghaediniort dopiraksangiatoLmaaFiokd s kidvh methods.

Res. 1970; n bsSdT bR parBelaemay be Hghtlyon
by aut &tgfn%glrlle 3@ ekl 5

cl ence. 1965 Nov 50 8
t henmenliedat scofdiry tb didprofedures @hog,c@rqrrﬁgléf w& q%& gﬁerﬁ

Q%Eig;‘aé&yl bi,oﬁf 2REYEs, a\’@"%ﬁ% & ?@Eéémgéﬁﬁﬁga 2OG3 044743

b%@n RaitdaCd&Bin¥halizatioaSfot éxanipie of icet thae ﬁ%rfémay ﬁle Inorganic

bone particles can then be i d o i aalati
dphasepekposTsEdcb atrfa&ﬁg’&?all’%%‘{%ah&‘#ae% a!Z%@%%ﬂ** 'Denfindization

condi.ti ons. v ] 186, reinpeal of thetoelcium phosphate
f SRaY eSS, Em?aq t%F ¢ iiafgérsgtﬂ}arre tmgtnd altern &ﬁrat\fc?n §Geactive
agmpie i€ alﬂ[dsﬁﬁﬁﬁten@ban diaﬁtebrtb‘y@haﬂ‘f?é SYHAYS£PPTS

be shaped into UFiis iRay et forzmﬂnple by
u@%{?slé‘ﬁ@ﬂﬁtg‘ﬁe Hﬂﬁderpgle%ﬁ%t Dt(ﬁernastlzflye embodj nen

S L{M-a%ﬁg heQbaddiRB erdups.t Iriﬂrre&m’mghntﬁgt lin g pelygperization reactmn that

dem neralized accordj to the QU of unreacted
Cone e S EaFuh OGP SIFLER ndotted
10/ 285, 715 %Jﬁq, td4 ﬁma{%at:mtntf’ubﬂhﬂ@ Jcgh ace
2085 A BH% m nsla§rral “deni ner al i zat | O o?atrc ed coupon of
ex@aapbeassedsed by & surtatessabene 7St SHoh #e RIGIFE R f%rf L
phase exposes reacti I QHRD ,sylsdmasofthe surface of the
e R N DR e e
M i Bl artid Qm&®Y Gl @miteaizedhan | % t hat t he renoval

of the cal ci um phosphat e ficially demineralized,
or B 2

Cong,g % A@Qraﬁéedf Sﬁﬁmz\d&mr@f@umbmfpaﬂwstch@b@ﬁméwed For

I zat1 on is may be
ex agarhyle, dmg or more of the foregoing types of rEﬁ‘mmcra 1zed f)&{e particles can be
i.e., bone particles that

employed in combination with nondemineralized bone particles,

niy'e]
r

have not been subjected to a demineralization process.
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titrating the reactive groups. In one enbodinent, in a

pol yneri zation reaction that 20 utilizes the exposed

all ograft surfaces to initiate a reaction, the anount

of unreacted nononer remaining my be used to

estimate reactivity of the surfaces. Surface

reactivity nmay be assessed by a surrogate nechani cal

test, such as a peel test of a treated coupon of bone
adher Wd%xﬁ'ngraﬂg b pafifcle§ EQQEéS‘éﬁ'iﬂitiQf ankidnaéieg hieGRanicl role,
porti on o tRe sur acg of the Dbone particles may be

and teeriateslagicaladle, R3hdbsteaimplant rNersieminezalized Bongrparticles act as a

ngopdem ner.gl i zed rfici.al ' i s d
SSRESS, % b G b b JRTBRABIL oo
PMebd Edng Pakres AR PEY aBi6idgicklable iebrngihg abmmeew bompingrowth by
of the foregoing types of dem nt%r al.i zed gﬁgﬁ%art es

| C
dhmprigeess KRpV® §Eep§oRorMRIh ol BusnthGiehonR B %?4“%%%
. i nRak triceipRsation @F theldaiedinfint progresses
gglgﬁdés?%{)%dggt% Qgcetdg’ ygle‘dvel?ngﬂlgor al i za?t Jipgn pr ocegs. 23
Nomdeme.ner al i zed bone particles possess an initial and
ongoi nechani.cal, rql e .. a: i ' K idel
ot natedreannicarh oL P8 of Brfpalich AaSlan ydvidely
erdingon ik icchiftal afd bivlogicabprepertemydehired Thves, mixtures of bone

ost eoi npl ant and enhanci its abilJjty tqg.s
ostites ofregensomRss et WAL I5e 4 kgping BB REL pe assembled
rl?alggd én{lthE DA MecARAL, RGP RS bi&%%ﬁp%ies bf thheomposite. In

process known as osteoconducti gn. us, these bon% rtic]
paiditionl oz altematiptya domposjtes map e farmed havipg p smeledyRs PLpog particle
host, bong. as i ncor pa i I one particles.
o ga et o, fgh AhlifEs Bkl g of AlBteXTbone pars

t ynebRfankRe dakitich teparah by exditpdetoramiyedytbpse skilled in the art on
dependi ng on the nmechani cal and bi ol ogi cal properties
degdsey-casHipsis bﬂﬁrﬁ‘l‘tﬁl‘é'é‘p?ﬁm%%?n‘ 10 particles of _
vari oug 4shaRShe bShSatticlay $hh Ok nitfiedisia oaé or more ways, €.g., their

deninerali zation may be assenbl ed based, on. th sir
npotemtaadnt cathbe angimented @r Blogifisgios QPSCBE%@B{.EG atgﬁo% ﬁg’gﬂ 259

W@g&)#&%%@tewgg?‘% itﬁgs&fac?‘éf ?Eaﬁtdr\‘,&laﬁﬁc FA1F10 iaky 8 treated to

a sing ype of one particle

or
WirdoBi itk turdce compbditios, Foe axdmplavionderaingiafizesi hope pgg,lﬁlés may be

or m xture of bone partjcles, i o5, on b
D insadorith GUeRNERIPT ity LB Tay Ribafes BB 530 Blution by
skliuhRS Pbshitficacld @Actd-Rith ikAfRehY cammmetiasitise ke and coats the
routi ne experinentation. |f desired

, ,the bone
p patticies ssthaligaldiem phegphpie diydrag eTrggtewgac%?gy’/ fugthar l?e reacted
S il Rl Qi) g applicameh 10/681,651, the
o a1 SR ifls SR8 Tdeﬁcfgg?@ﬁ’,@gg@gg gé‘ﬁ%‘ 4,902,296 .
Alcb@ERab WhicH ard ineorpomfed hereaf byrefuenseo Altgmatiygly or 1n addition, bone

5 p%£ tcérgrlni% pr!t‘;t)l/clgsem}t; beea&nee(?i. tF%r example, particles may be Iyophilized for varying

30

lengths of time, e.g., about 8 hours, about 12 hours, about 16 hours, about 20 hours, or a
day or longer. Moisture may be removed by heating the particles to an elevated
temperature, for example, 60°C, 70°C, 80°C, or 90°C, with or without a dessicant. In
another embodiment, deorganified bone particles may be used. Deorganified bone

particles may be obtained commercially, for example, BIO-OS S™ from Osteohealth, Co.
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nodi fy its surface conposition. For exanple,

nondem neral i zed bone particles may be 20 rinsed with

di | ute phosphoric acid (e.g., for 1 to 15 mnutes in a

5-50% sol ution by volune). Phosphoric acid reacts

with the mneral conponent of the bone and coats the

particles with dical cium phosphate di hydrate. Treated

surfaces may further be reacted wth silane coupling
dl?mﬁ[l 1O W I RldnCBdrie@articles may be

9855@0@14 ;bgeﬁ t? 1tg \%ﬁflgﬁpg}%ﬂl ncorpo%#

E@;&ﬁnj’ﬂ obébnﬁ;ﬁételyejeﬁgamﬁleﬂ esing techriyesdnown @ hapg ﬂfk&)‘ d In the art,

one 25 or ceram Ies be dried. For
|lacubpta<rrtmc5|?é§/°ﬁ‘ﬁ{9 YP%E%. zed for varyin

] engt tt?%sgwﬁlg@m& rfona@pmtor&rln@unmvam strergth

about ours, about 20 hours, or a

bico gl antByosblnivng e belbTp MELLT 44 HEE o pis o é’egﬁfected
g@ev at.ed H)fgcpg@ﬁ {rﬁeg}bb{d? mcgﬂﬁngeehéﬂﬁdaﬁream thEQﬁphc&ﬁﬁ?u obenergy

évaﬁﬂy esslicant. In__anot her
aubiosh raBiaht cndggl ghich finchlel u‘ra@llqﬁlgmby&_i\é bty nggoygg%energy,

Deor gani fi ed bone 1 &mal treatment

g Aoy ot Beping g papl et b ARMeRGy Rk ARl rratment in

Q)?hlchg' tePls s%?%?ﬁé\%ﬁ%ﬁﬂcam Iﬁiﬂietmnicj&s arg iubleﬁ@dlt(’?/@ I"?"“BFI and,
i

t1on, bone particles

C&lﬂpﬂneltceﬂrgauugmﬁg formrqhemical} llﬂﬁlggfé@ RRY g®£a§el'1( <0 nggﬁ interface. The

t hose ski l [ 1 lifikfelds A% dh@inbsatremthnn 5 25%
S ﬁ? ?Iﬂfgél?m&ec%%%as T nik ng cylan be pz) togﬁ or

or der @penmﬂmrcmsehﬁldn@ aemnrgqlmdedhoaerﬁ@t soyan

Cross| i nki f. the b I .
Composeoe i B5uRR 45 B SLEo AT g Aot ol

ngtijgk%g‘?bdn@ aHQle,@ Gvifieilebahe pa&'adb-lcontalmt}g@oamgpme]&t BB Feacting

ener such as radi ant ener b i
| nithintplo furts{ional grqugh en g%ﬁ%’“@ ﬁ%‘%ﬂ&@’? 1“%%%&1“’ the chemica

and/ heat i irada sk ﬂidffth)e(osﬂemmphnt
d&’f‘?ﬁ% r’lgelgnﬁﬁn‘fqgée%gtg%gm@ ?n wh|r €l£cﬂlg ter is %Meﬁ{mg curface-

r endv e ¢hwhidaberdéstinkiop énveluies PEOSE ARG &?jﬂ%‘&eé qe 1
vacuum and, 10 enzymati &8 mmxbm dahe particles
 aigh e ey DR srore AR by 87 To e

i nterface.

Y fvﬁfhea[ Jadi oneirchemidaberobshigking egend cdr Hﬂeﬁk%l& qng pﬁgylcles to the

chem cal reaction. Chem cal for the particular
i n»abmrdefthh(@bénlchla‘%m%?%lf‘ﬁg Al PRE PR afptBBide for the part
MLt SAOELEARRL rch R ISP ApIashe OO mlmnmvan@ammm%ma

SS
°expos

gen of hon
W sbhitlﬁnbh erobolinkippagent fog a @gﬁ@daqnlfﬂtﬁ% M 31) Eﬁ%‘}r c&lgéﬁte

reacting 1 ul t i lh&n@roéaﬁﬂ&iﬂ@c@ﬂlttdnemclude an
sa-‘r?éctb"’r“oal fIE’rSSH’tno%Ift?glegoﬁ e#o ecul es, the cheni.cal

éfn? é:‘n%z' pHaRUeRberatice, aad; tmes rwgmérmm@aqtesgf: &5y depending

ost'eoi npl ant , em cal . cro RVl ¥@8slinking agent.
GXWIt@leVﬁ@fB&ﬁﬂlw 3&?@3%‘1’ ag?‘l 1{Hmfsur ace-

The resulting osteoimplant is then washed to remove all leachable traces of
and dialdehydes, including

the chemical.

Suitable chemical crosslinking agents include mono-

glutaraldehyde and formaldehyde; polyepoxy compounds such as glycerol polyglycidyl

ethers, polyethylene glycol diglycidyl ethers and other polyepoxy and diepoxy glycidyl

ethers; tanning agents including polyvalent metallic oxides such as titanium dioxide,
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exposed col |l agen to the chem cal crosslinking agent,
ei ther by contacting bone particles wth a solution
of the chem cal crosslinking agent, or by exposing
bone particles to the 20 vapors of the chemni cal
crosslinking agent under conditions appropriate for
the particular type of crosslinking reaction. For
exarrpl e, the ost eoi npl ant can be imrersed in a
1lhf0tnlugr|?1 oxidd, %ﬁ.ﬁmhﬁ:ﬂ%‘i% WA GenidnPSal aPGEN 9&5’0@&11& kaiBins and
et °1'o ow conpl ete penetration of
S QJthHr iphénolio orideh derbatl é‘mmﬂhﬁmche@qabsfpt Wkﬂr\fkﬁa“o“ or carboxyl groups

ey et ARG 0! £ 480 e G L ARRHSHAE in he

u %ﬁaéc@edllcfé'l@lhcng cabbddsinlidddidrie déﬁSatNed as wolll ag dtber
activit y O

the chem cal crosslin ent
5 | rsirehihpBeTbORMIRRE BT RETIAEHER G BoREHS, AT including
I e C olgg 1llta§s%%?(§ssl?1{k golﬂg%&,hem cal. Suitable chem cal

I'ng agents 1 ncfude nono- and di al dehydes, :
| ncI udl(ﬁlgtagdldﬁwdabmmimﬂed binthatesiplydipven gadency it gusssalpity in the

ggtrr%%gt E‘)"ﬁlé %ggagllo?}i%ﬂ%l %Cgﬁiéecgl%fi ¥lg%i%§:alr§1 %Elcgf%ta{‘ﬁr( -Sontrolling agents can

POLNEB@ XN thANEh fdLdross)inkihy agahyd. Thage @ﬂdnﬁcaslon{cammlhgg agents include
agents includin ol yval ent Xxi des s

10 £ netumaleosded DN BRTSHtn BERRR R ooy TRy 2ot and metallic
di oxi ‘?f %h 6?&%' dnd aftfnikGh! TAS corcgAmitions aﬁﬂhbsma‘,almﬁcatmn-
and B eno Ic oxldes derived from pl ant b
c hamn@ﬂirg ageﬂts emt @ detdrmanted by r@utn@@p{gmq:nt@o&ﬂyghose skilled in the
foll owed by reaction with hydra2| de to formactivat ed

ac¥t azide functionalities in the collagen;
di cycl ofvgxy ensiasdoie dichtiicteisanplayes, weful vmumeglca@e\m;QSP known in

as other 5 heteroblfunc i onal sslin
15 hemmwypl@;w@ cg]qugeotbfﬁ glngsqgejsg{lglnng FeR¢ bodl Hg%ﬁg%lai% gr peptldes,

or Brefe[a}!alﬁg dﬁa%%ﬁ Ho‘f@%ufe@lé éﬁtgd\%eglgaﬁhﬁdsabd&éwﬂbed in Jurgensen et al., The

onat er i al a tend U’é g}ﬁ ted b
oV @sursillo€ Boye ami Yofrg Sutgsay 791a(2hHAS- 193 (X987} drreinsppgeppgrated oY
it be deened necessary, calcification-controlling
agEHEENEan be used with al dehyde crosslinking agents
These cabghdtioddf bl@dilmea'.lﬂmkﬂgds lcalgal&gbma®0mnb$h§é gy ity application of
di met hyl sul f oxi de ﬁ:gl\/s ct an

t thods
20di ph@gph@ngw@g to fomm yaapi)aflcdtlto OF cnerg;lf gn% use me

f Orkng%?@}'o‘f‘m' él'ﬁ¥ fgact'l\FeQﬁcygéﬁjloﬁé gldﬂei‘mﬁ froth @tmospheric gas, which in
concentrations these calcification- controlli
$g%nﬁthods

agemhspromoteExygdent epsalinkubayeqnouripFraRopRe 9O gﬁnat

t hos killed in.t Vveeat ahdtl&lk
ot yhsineapts) i 16, o br ulfpatice gl i Sudveatigp gh e tkc

t heyriviler Whekild Lﬁﬂlenngahmd:}iphcaﬁonccétamtrg}z IsrAgPregess gqlqwﬂ(zps,@/e -mediated

reacti ons on proteins.or t|d d
25¢ ol phatgerrigasiondy Mg aé)hﬁml a gF a%tﬁoé:dé@tjslll}ie light is used to

desgldsRadsurfice Bk AREPEMNagén. a| , The
Another method for the formation of chemical linkages is by dehydrothermal

treatment, which uses combined heat and the slow removal of water, preferably under
vacuum, to achieve crosslinking of bone particles. The process involves chemically

30  combining a hydroxy group from a functional group of one collagen molecule and a
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Journal of Bone and Joint Surgery, 79-a (2), 185-193
(1997), herein incorporated by reference. Formation
of chem cal |inkages can al so be acconplished by the
application of 20 energy. One way to form chem ca
| i nkages by application of energy is to use nethods
known to form highly reactive oxygen ions generated
fron1atnnspheric gas, which in turn, pronote oxygen

%%iﬂ)lr(l%r %Hox?‘alf go"&ﬁ of Wﬂ@r%@ll&éh In&g&sle Sbting to form

eu3|n ergy in the form of
wdtéramlai i@tthdni rglhbvedmmﬂmvméh%fwemgtwlmfdl hond betwegn the collagen
Anot her nethod utilizing the application of energy is
dn‘ﬂ?“é‘éf'éss known as dye-nedi ated 25 photo-oxidation in

whi ch Iﬁor%ﬁﬁ@b&%x&ﬁﬁeﬂﬂs‘iﬁhy ahe baempmyed;feltbcrsilqne@r finn gftpabination
i s used crosslink surface exp

olla
Avitit breve, toeforvn ompRsiteh oF F GRFRRIF I ngﬁﬁmu ﬁiﬂgf’hﬁ(amgtgnals may

r?is&?% eg(gp)?tg& %rlﬁgé {th thd 15@éﬁlﬂﬁnExetM\ﬁlh@hnM‘gaﬁc caninics efoi' use with
e sl ow renoval wat er, preferabl er
Ve itvatidnaneladi mkaumrcemnatﬁ,mahgﬂ'@ﬁ“l%“n galgirm P é&."s‘ A
pracess i nvol ve m c:a b0 1
gqogg,lﬁl phosphate. fcalﬁ nggllma r¥a1§9 lﬁgﬁﬁéﬂé('t:@oﬂ g‘gg%a% ngt )e/Oé-Lrllcg cium
ate? BicAMame plestphfe, & mmlnmrrf phusphats aﬁtragalglygl rifosphate,

anot er coll agen nol ecul e reactin ¥ |
V\#m@hhmzs calsin phasphate ackSHIFR OIS%'E‘% or rra gﬁ " cglowm

y U. QTB BfadicEisls Goqmrgaml (Substltutcd CaP
og;‘),[l,lla% M?%IL%G“;’&‘?F!Q@Q&HM e lerrpl A o

Oﬁhdsﬂs @ ehleb baritéroplated fw ush Witythe inpentiogy Wplgg}p&g:élf Pqetglrmted to

For exa no t. @ icatbendta
e 0 P BELS Y 58P b
gd}’BJ( pitite N AdGiRIdhA] oaletmplmphm phases switable ferse with the invention
ent

i on include caIC|um cal g sal.
caich;dgrﬂquhégzgh@@ 1p|1&§tPé1tent %Potﬁslp g;ﬁgyﬁ Ctp?r% wn el a

{a .85 04190561 ymh@s srm@,lzhy mgomsapasﬁ 264; “and 6,002,065 to
‘crum phosphat e,  di cal ci um f{ § 5.525.148 and
Rctohstaxak@t Mmsmesipﬁai 262, 166t and 51621 /3 R E‘s‘*ﬁﬁ 1220l 1
anor | ci bragpha08,713 to Boltong
afe? I é%ﬂ/ley%l gal C%@%ﬁdﬁ%f ﬁ@@o%ébﬁlsp pPoB0E;

'um  phosphat e S|I|ca %Iass lIv-derived
ayapd, %5@ 17606 kk &.ql Baahi2 @6, 9fa7|tsrmsms g g/ cpnd biologically-deriv

Subst’ifuted CaP . phases, are.al. eHSE0
W|0tr hlmh@etlﬁwmaﬁﬁ“" hosgifpt ?1 é‘s‘{mm t eg Pin 4

ﬁl@%tl b on, OREGH RRRIkif, Prody; 234l 1 989, Emtomora;ql hargin by

and carbonate "hydroxyapatite. Addj f
C a;hibremm p{ms@hamg cpqug@spuglmq alwpinaop ZIrGADa /e ?LB ﬁ(ﬂ'@!)rlate or use

i nvent,jon 15 .in ose disclosed in U S. Patents
Wcorﬁégé%gl"féiacgwggﬁgg 3,221 to Brown et al di
Alternatively or in addition, metallic materials may also be employed In

composites or in the implant components . Exemplary materials include titanium and

titanium alloy fibers such as NiTi (shape memory materials) and Ti-6Al-4V. Additional

metallic materials include biocompatible steels and cobalt-chromium-molybdenum
alloys. Radio-opaque materials may be included in composites or in the stacking units to

facilitate long term evaluation of a patient’s progress.
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4,880, 610; 5,034,059; 5,047,031; 5,053,212; 5, 129, 905;

5, 336, 264; and 6,002,065 to Constantz et al.;

5, 149, 368; 5, 262,166 and 5,462,722 to Liu et al.;

5,525,148 and 5,542,973 to Chow et at, 5,717,006 and
6,001,394 to Daculsi et at, 5,605,713 to Boltong et

at, 5,650,176 to Lee et al., and 6, 206,957 to

Dri essens et al, and biologically-derived 20 or

bi om | 1 tanflisgthétiv materlals
Lowen ﬂ%ﬁﬁig g\ébﬁhév?&%ﬁﬁ%ﬁ? ggn&ﬁréurlgiﬁilﬂzat | %ﬁ ?ﬁx

Wik i 4 anﬁfo@ﬁ@maﬁﬁﬂyp’pdelﬁ dg@nding oo profimeBHORE} "n‘“!ﬂlam site.

reference, Non-cal ¢i um.ceranm cs_Ss, I NRo@1 meter in
Jn prosimbpdimentaihess AmERSINNS I%"iyeraﬁ ey‘%ﬁgg&égccﬁq di'ng to

tlélfgt ?&@ibﬁ &, 16MSbBut Ak & st ¥ enyin angihy franidibobidh? mm to
[ic ma

erials may al so be enplo
cabmpd@. oo tickness, fs <KPFAPISFOTR SR 2o ab"é&%% mjm i thickness,
rial,s ath! P bxdR é|fﬂj5(n ﬁbdmezsnmto
saﬁé opL At {I'{)]S% ﬁg}ewr?gﬂgﬁ);ﬁl%an?;ll al s) andrﬂTl - B6AL- 4V.

Agdatioanmlin widthal | i c material s i nclude bioconpatible
steel s, and cobal. om um nol &¥8s for use according to
AP mRLie PSR R R oy

Radi o4 uded 1 n conposites
Ghe Pﬂ/eﬁﬁb‘% A At o) lthécrbg—hrﬂmn‘slm mdenq’lgm@artvgqaght of the

evaluation of a patient's ress, 27 TR QRS wh
afolythes mwme@déo b‘%‘mamaplatefiég&]}?g obmey sy(rﬁjﬁet RS when

t e Q2 OFREDHabR aﬁﬁlﬁox\/-&fo}zlegnamlejnon-resorbable
%' ném%ln t(#wocfiéﬁ%ngl ons of the inp

Olﬁlﬁccﬁi‘iﬂmﬁlermmmers hedaodn mﬂ&ﬁﬂ%ofrp&},quﬁgnéoqi?ts?ﬁl% k5:81&ttrolled drug

;@ggﬁé %dg}%g\?%engﬁgealﬁr?%(sse fan e?(Plg%fé HfSO PaR%EMNYsE6, 113m 5,804,178,
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pol ymer may be formed and set
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A A A

bi o'% Skl Sesofb2Ple [pBlynRes &te w@il lﬁae{vﬁaxsmeartdmﬂnmétub collagen-GAG,
ET? ? %rer (S

see, for exanple, U S. Pat
6 cbﬂﬁgeﬁ&?mdﬁf;cs@ﬂ]um?g algimic peid, qpppn, @t%()selgvébrm §Iést1n, starches,
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p-dioxanone), polycarbonates,

polydioxanone, poly(epsilon caprolactone — co-

polyhydroxybutyrate, polyhydroxyvalyrate, poly(propylene glycol-co- -fumaric acid),

polyhydroxyalkanoates, polyphosphazenes, poly(alkylcyanoacrylates) degradable

hydrogels, polyoxamers, polyarylates, amino-acid derived polymers, amino-acid- based

polymers, amino- _acid-based polymers, particularly tyrosine-based polymers, including

30 tyrosine-based polycarbonates and polyarylates, pharmaceutical tablet binders {(such as
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Barrera; 5,019,379 to Donb; 5,010,167 to Ron;
4,946,929 to d' Anore; and 4,806,621 and 4,638,045 to
Kohn; see al so Langer, Ace. Chem Res. 33:94, 2000;
Langer, J. Control Release 62:7, 1999; and Uhrich et
al ., Chem Rev. 99:3181, 1999). A wide variety of

bi oconpati bl e polyners are known in the art. In one
20 enbodi ment, the polyner is also

(g' e%{@lgﬁ‘%]lrg é&aﬁﬁﬁ'& %Q‘l Riils Sbh‘hérﬁb Bc.), polyvmylpyrrohdone, cellulose,
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POIKAID P, EAMMIATI IR EOM am@lozmhﬂb sillelastin polymers produced
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p %W&@ﬁlb? Babb@inad fropoihicaryoy gamisaes, & ehapples gegele aﬁy engineered
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PO car bonat e ol y(desani nat yr os i
camerﬁaZ‘lé)Oi"ﬁ@nQ ﬁ@B%@?ﬁ) AR RiERIE) 15 1890TPQr te%éw%i?%e Jelspence,
n.rat f &8, cdtRgbOprofedisdReratims, etc., using
% 9’@86 ]i!’rg%gf% Ofsﬁl)?rgi%?ﬂs?é%tc I’J(cje gl o%rgsor babl e bl ock :

cog@{eyiear}sengaﬂaedﬁmhaorgamhmsend esPRPRGCHDSer s, e. g.,

gl ycolide and, | act.i.de and ¢ Ssed @s @ell. For

1,4 di DentiedseigfableAop- Eego @fe%?%ﬂ% ag@ggﬁrl k‘;:edS © |
e Qxamﬁlé‘ pelypyrBR polmxll&sﬁﬁﬂytﬁmmhene; mlotepiyatines th gherred arerpsefu

reference
electroactlvc polymers that can transmit voltage from the endogenous bone to the

implant. Bone is piezoelectric, and voltage within the bone may help it maintain the

proper shape as it remodels. Other non-biodegradable, yet biocompatible polymers

include polystyrene, polyesters, polyureas, poly(vinyl alcohol), polyamides,
29



15 Synthetic and reconbi nant versions or nodified
versions of natural polyners nmay also be used.
Exenpl ary synt heti c ECM anal ogs i ncl ude sil k-elastin
pol ymers produced by Protein Polynmer Technol ogi es
(San Diego, CA) and BioSteel TM a reconbi nant spider
sil k produced by Nexi a Bi ot echnol ogi es

(Vaudrevil -Dorion, QC, Canada). Reconbinant fibers
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Nowtylehe cdegphacind)epolp atheestberdeetings JiEkeand pRiyethrkgionpketones
used as well. For exanple, polypyrrole, polyanilines,

pQTEﬁ‘ -ophene, and derivatives thereof are useful
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t he endogenous bone [

to th t. B i . _
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1195 3k 5. [ i dnd! 67DTI€9S all OF bviich
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ere al ate 0 e er-et.ner .e1an :
20 phy belheisravomiaBEb LS TIRRRATSAYGIPY Sreap ok obie A ster and
bl A lifihGhonds: dAaIRadeTON ivaRd: No. 478, 9MBatmetthe polymetigeble

17,077, 5,587,507; 5,658, 995 5, 02;
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6,120,491, 6 284, 862, A Prefcditle, Thed 6kiliR8 in thklart will
ofwéﬁflli rEpeES afe TheQrporal g%l% né%cﬁ by 1 gf_erence. The -
POleYdRiZcahRithid &y @ ckemplarpadt 4 comprelnsivadlisheEpolymens gprropriate for
am no aci d-derived pol ycarbonates, am no aci d-derived

25 polnpatogpatieadions.

These polymers and the monomers that are used to produce any of these polymers
are easily purchased from companies such as Polysciences (Warrington, PA), Sigma-
Aldrich (St. Louis, MO), and Scientific Polymer Products (Ontario, NY). Those skilled

in the art will recognize that this is an exemplary, not a comprehensive, list of polymers
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pol yaryl ates derived fromcertai n dicarboxylic acids
and am no aci d-derived di phenols, 15 anionic polyners
derived from L-tyrosi ne, polyarylate random bl ock
copol yners, polycarbonates, poly(a-hydroycarboxylic
acids), poly(caprolactones), poly(hydroxybutyrates),
pol yanhydri des, poly(ortho esters), polyesters and
bi sphenol - A based pol y(phosphoesters). Additiona

PlyRP ' i I
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vi vo appl i cations. ge 1eld én ybe
aldirEIabysly 9 addtian Cg?‘% se%éh%l% ptmﬁ?ﬁl n\]/)gﬁltcl on..

Wé&ﬁﬁllcﬂ?@hﬁ%& Qirabledydr sﬁald@ﬁ,r withranwiseoutEhi adlisign jof, abyasives.

variety of ways before bein C .
A

araélg te%@o% hxga){%eo&gésrhrﬁ(@@b&&eﬁﬁébrbé’fﬁﬁ@ﬁ&&) 4 tempmité. ab evariety of

Issue. Rinsing fibrous tissu
p%édsaid&gdmmmmul@bld feronedigr APRICPEQNS H° ‘é(ﬁrl kpoywy in the art. For

I
S%%&éf’e@gorr‘x’éﬁ'ﬂ A o ey

lﬁ%&’&hlo‘?ﬂ& SthaNAbie: or ih omebihbtier thmﬂym@r@qygltp@%@tﬂe (NHS) will

eous solution at, a out f 4SMES buffer). Acyl
hocuosslmk edltagen aiibysiolog °§(§{ %‘%Foaﬁlql% né‘?%ra zgd. Oneu )

S kl l anc'.i g 1{)@‘5 2hdtuMiy bedudis Eyctic ichmpourtal mclt.uiiing bath carboxylate

i ncreased or crea . ;
exirﬁlrﬁydﬁfxyf grRYPN glayquotbgtqs%to oFQsE- ﬁmg)ggﬁzlﬁcg CH&P ggeeSImmons, et al,

ul t r oni ¢ YoriBe siailigition of tissue matrices,”
sepFa ARY© Ef‘ﬁl aga’e%rx§sail§) %te&ﬁu&dﬂ@ Tas | m;r OMING 715 the contents
PEBRICAH) APl BidCheh £19BaK1 2326 DG Rerheetah OB 9718, the o

especially for bony tis Bvd thv
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par ﬁés‘]‘j{u‘ﬁ% gfBtbs bg collagen may be reacted with the primary and secondary amines on

neighboring chains (see U.S. Patent No. 5,948,386, the entire contents of which are
as mono- and

incorporated herein by reference). Standard cross-linking agents such

dialdehydes, polyepoxy compounds, tanning agents including polyvalent metallic oxides,

organic tannins, and other plant derived phenolic oxides, chemicals for esterification or
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mechani cally stirred, tunmbl ed, or shaken, with or

W t hout the addition of abrasives. 15 Pol yners and
fibrous tissues, especially those containing collagen,
such as bone and tendon, may be cross-1linked before

i ncorporation into a conposite. A variety of
cross-linking techniques suitable for nedica
applications are well known in the art. For exanple,
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esterification or 31 carhoxyl grou d
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sugars_may. al so aposiik Céllraished dubinted on the
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¢ %81?9*&. aft QRS ich &R F thel dofposice ragebe meamnckdiafisuingetadian
times tor the desired degree QI cross-linkiﬂ%.e ation is linear
c onliosortaherdlpidsn Repersedyanabysiseall dgmapsiraiey i £ %ﬁy ner

and bone, for . Reddhial Svileh@h théchange in
po?r)ﬂ?ganwg%%écu?%%lﬁ%ﬂtgﬁn%ol yner . “For 10 exanpl e,

t hfedhanipalirogertiasyas itecdongpesitdngrade$o% t o about 30%

pol ymer_ o[ approxi nat el e . ' Cand
one. " Thglogias e g fasiels, i Rlipd FoAbicEue, shall R cuRaren
| NLMSRE e b Rad Heo BEEhAbIhanwith thappetsrie sndbondte, for example,

conposite, including fatigue, straipn, . .
sTipmulate particular metabolic functlgons, recruit cel?s, or reduce inflammation. For

example, DNA vectors that will be taken up by the patient’s cells and cause the
production of growth factors such as bone morphogenetic protein may also be included in

the composite. These materials need not be covalently bonded to any component of the
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conpressive strength, and the degradation rate of the
conposite. In addition, the cellular response to the
conposite will vary with the proportion of polyner and
bone. One 15 skilled in the art will recognize that
standard experinental techniques may be used to test
these properties for a range of conpositions to

optim ze a corrp03| te for a desired application. For
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Conposites may contain radiopa Rl its. In one
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toxic; however, a

Since the solvent will usually be removed, it does not have to be non-

biocompatible solvent is preferred. Exemplary solvents include water, lower alkanols,

ketones, and ethers and mixtures of any of these. The precursor may then extruded at an

30 appropriate temperature and pressure to produce a disc or other implant component. The
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The conposite nmay be forned, machined, or both, into a

variety of shapes. In addition to the shapes

descri bed above, exenplary shapes that can be created

include, wthout limtation, a sheet, plate,

particle, sphere, strand, coiled strand, coiled coil,

15 capillary network, film fiber, nmesh, disk, cone,

rod, cup, pin, screw, tube, tooth, tooth root, bone

or_porti tHoRRin@f orseeg €in one embodiment, a
?ceﬁsare?l%ybggh#E gcﬁ%ﬁq a?;%?ﬁ%flwoﬁn gne emodi [

tplam(ﬁmfmsson\emt & rérooveddram ths m@ﬂucsor]befpﬁgﬂffﬁ%%hgﬁ%f“%?"e yorin

desired stackin ni t s
Cagglélon 8 PUREy el gg% g(\elcg A %{Eﬁetil %)glr;nﬁ]ﬁkgfs %?ocessmg
VAdth QSR RGHIINGIoWRI th tlﬁi@aslaﬂedmyhéam abwenpnplghibg prRgursor

injection, pressing, 20 and/o ckin 0
[ matgrlmwgaednolﬂg} WEINg aprEssyug ggaﬂﬁf ;?r ssgrg gpe?ﬁ& c%'n{p%nent

: g}nfgosﬂa?t?culﬁ% y practi cal means (e.g., by

ng, lyrrerl zat i on or crossli ngi)n%. o] da
Al t er riatan\abtbmpatitermmbmdiment employing AJTeFHEI Of DR RITYF es an

bl OC ; é?grﬁié%ageﬂz% l%cg ed’e).i 11.t1 Eﬁ@tprécﬁrsof‘@iﬁm‘ P&dred dHadeBforming the

be nmachined in either d
' 5%% cpate. FoP Btnkpl € ﬂh@boﬂetp&rtfctﬁs madb biadingragentispliytiop may be combine
ern

pmwﬁlwg;][grvtgtrta&%rﬂ%a gfggl} @rd%r ?ll]hg %éeac\ﬁgsln% %]L?dn&é){he binding agent, may
asfi Sl BRI, Ur Sthel Be SROGsEPS dibcubsed abolevent to

precursor. = Since the solvent wll
r e rmv e’(ﬂhe bindidg egem dinksrdjacenidape PAHALCE SHAK dlfﬁ%@e‘vx’.y %‘mmg

bi oconpatible s I ven nfeR€ R lsiﬁdlugagemts
i H‘E& e\ﬁé"t“%‘?’res e éljf %ag%q;gg Iéfnﬁg?lones ;%eglycet her s

afg i slmdifoxle, meal bﬁdrbhés,enetﬂihelt of SEIPESSRIC ﬁ;ﬁﬁ)rg@ﬂl@ﬁmd ora

extruded at an 3Q ap q
oo SR UERo It Rl SRTELMARERRN Gpgson

1,
gglc ?)E' 07{33%03% SR RRAal Waytﬂéeiimm dior etample an alkaline earth meta

In one enbadi nent ortjo
sel g\l,eﬂlculm. Aenvviydf EpRIAPTHe S%Y%ﬁrgidn,l q}gé) agents WPe &c1b8 in our

e A t i Hé batie ﬁthﬁs of which are
orcamirabyowa Ty BTt 6,478 83540 bupeco

Mah &frbthied aéreﬁﬁgﬁiefegencaetm@mhomm@é tbs‘elplpxlﬁaﬁ BEFRt {spt least

those skilled in the art. For e tgggms&ﬁ“&uusually
mestightlagolwhls ingepalen SAEENLE; pﬁod“%teé étﬁg?}% rﬁg&sy a Carve

prbee %mgfecﬁf)ﬁa c?pll%tectﬁgﬁﬁﬂﬁl@tageﬁtamItmagsuafap@srctf itha home derlved elements,

alternative enbodi nent forred.
prtﬁe solsant dods nod hevegabe neR-Eaxicy wgversgli)rggré(}#pa@lgleasolvgnt is preferre

IS i k&fols, Rétbiea adnlen‘thnreamimlxtures of
af ’éermﬂl?ﬁ’ qﬁ&“#ﬁglddg%%g lg{ngCMFor Sexanpl e, the bone

Pagdyigfitigse.and bi ndi ng agent sol ution may be conbined
10 in a slurry or for‘[‘-'rf?&ab gdﬁa%r %ﬁﬂdmmﬁ@thcywﬂltendwbe
[

ng agent, nmay
aligned roughly parallel to one another. This may be explmted by extru

to form stacking units in different orientations. That is, stacking units of roughly the

with different orientations of the elongated particles, so the

ding composites

same shape may be produced

direction of the particles within the assembled group of stacking units varies across the
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be cast, nolded, extruded, or otherw se processed as

di scussed above. The bi ndi ng agent |inks adjacent bone
particles either directly or by formng bridge-Ilike
structures between them In one enbodi nent, inorganic

bi ndi ng agents include a netal oxide, netal

hydr oxi de, netal salt of an inorganic or organic acid,

or a 15 netal containing silica-based glass. The rrelz al Lo
may, be endqgenoys: st thy 8dembial gtamp)of stacking units to
é‘?BB%‘rFBEg’.pq%ﬂ(éoﬁblpéﬂ%‘?r%%/thggﬂ%iteal ent, for exanple, an
alilt@lah M ifRadrt tbattigahodes.e. g., calcium A variety of
appropriate sql vents . and.hi.ndj k@ hfligaed i addition to
in ouﬂheemﬁew%weé&wmge&a}?ﬂeeﬁ?ﬁ%‘é‘?"2, 478|q825, the o
etﬂﬁSsie I8scE0Bd 88Yve. @br ¥ahplt, Bome érmenmnpopartields mey b ﬁ‘_)lﬁk}me Wi
reference. I n one enbodi pent tfhe bi nlcljd elﬁ}gﬁé‘tasﬂéscﬁbedinour
| relasivelp Qowhblg polyynes B1atiis|then S5t 19 f5EM 8 SOULTVERT 1o

pr onot. e | DIk At,0%-1053308 51 ditledi Femibleiahd seftablglpojymer

preci Pi
FO-RBHIGSBPY G PP €Ci pi tat e t he bi ndi ng  agent .
Skt 36RBosife anb enddexdef geadugiaan @P@P{%’m‘g’,hggq%ﬁé lggl Iglag‘%{t Publication

does not have to be non-toxic. #ed herein by reference. In
bNoc958R4861 & t@%?‘\}‘é?lfm}t%nttsp%(ﬂev?%??eg. &Eoé gé! ar Y. ora
SOl yiERlgivk BEbbsmcHabsi orlcomeric prkidlapirg corBingR adth afiepome

ethers and m xtures of _any of thes \Eh&. as disclosed in our
epelgmat precyrsarithal Ilwlwglﬂfgéﬁcrieﬁw AOERP %%d}é% c o’r%)osi te,

they w.ll tend. loje308d 21 @uigld yS yrdbicais|of b bpre-BREMer

aRPHYE"E aﬁ?ﬁgg}%’gn%glbzﬂgfoi fed by fxtr uMg SRTResh! &8

t Qohpésife shatsriol,N gublishedas W.SaPaiewsrakiicaiiop g 2VGhS: ;&%t hof

is, stacking upits of.roughl Aplafi@/TehSdApeconnt otho

prl8daEdao, 8He‘ﬂi§@iwgh?neg?$}ednstt%({ﬁ?glﬁs of the eLon%at &4 bone

|to%Hiéhcgrg?ﬁ?loﬁ%ra*tétﬁherah;b?cfﬂemrkxgmehmofbg‘F‘ttﬁoB‘F OLNGFTRATE N
€ asse €d group or stackln n ; e &G QESn of chemica

t hariRdesidepirdend alays cnhansr W&ai"?i"# %%%?ﬁéd‘?ﬁ‘e ability ..

of the ass%qplg ﬁ%igfe%ﬂi @ polyarkKiingeasingtthe h)@ﬁrfama{ﬁgqngﬁxoo the

ditonds BV ETHEa g modes. Phe co osifgggatrﬁéli:@éan%m{mteto the

 Qloibsibyand inareasttgthoxieridn mhifhdae PRAEHPYT on fo g

t hose described above. _eAtdvedivelyt ocieraddition, a coup

paperadl 'é@chgr’é‘ﬁaeli?éo%e(g%iorge Cv(\)nﬁ%iﬁﬁg_ 5 re!{fﬁé vel ¥ ¢ ocrionality that

1 ouable. ROhYIERKo iHadoné or detvaric perticles tq idhamisst {4

corposite, as described in our.Sags-egqﬁgm_ﬁ%ﬁidg(‘applﬁﬂtionnumber

HHRubI e and set t abl F US

PO YPBY 5 PORG 0 ERGiF roriboiedsé bpmoisllsy Gybished e U

t hé ', ’published as” U S. Patent P b{ iog%iic‘i‘nrhre {Neerporated herein

2095908 TidationNo. 8A0 3088 therfPErFPMEHIECR "ar e _ _

| ncor por at qu%er el NPV eabidafb R ReRniqhdd anddombositionadisplosed in

enbpatiEEAte BGTETBISEF AN C parti cl es are :
Wi 1Bt AR GBI 105, Patdills Mok 5690 93P o 35 AL, 630 L B 6,440,044, the

pol ylrrrleri zed to create a co 8%%11631 ﬁ%?&é@lﬁ; ar@8lso appropriate for the

15di sohteste¢f plhofyypich are incorporate

30 eval

production of stacking units.

In another embodiment, stacking units ma '
th and cellular infiltration into the composite while

y be fabricated in a manner that is

intended to facilitate bony ingrow

maintaining the mechanical strength of the material within the implant site. By carefully

. . . ite,
uating the volume fraction of cell conducting material for use in a COmposi
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co- pendi ng applications nunber 10/639, 912, entitled

"Synt hesis of a bone-polyner conposite material,"”
publ i shed as U S. Patent Publication No. 20040146543,

and 10/771,736, entitled "Pol yurethanes for

OCsteoi nplants,” the entire contents of both of which

are incorporated herein by reference. The

nodi fications to the ceram ¢ and bone 15 particles

t%t?lené Fﬁgs 1 ee BH&@&H%@attﬂi‘&hﬂe pARELor Vibdu¥ paieiration into the

acl te t ornatlon of chem cal bonds betme?m
chep@ent, |enz¢zewhan therdnis np@loyasity to premotessilgigratgn. Techniques for

i,nterfaci strength o

T e
GQIdbId dudipdsiié drbigeschdvrialobir pmldharapphctatlpn,dﬁgi o the same day as the
the conposite. AlternatiVv. t
b S ST ECS TR B Ui copins o
RAidH {Erle %&ohﬁrﬁgﬁh&aﬁ%%ﬂereﬁwﬁ ionality that 20 can

co-polynerize wth thé nononer,_ as disclosed
co- perfthergmbppinhents ¢fdhe mupRsion will e gBBare o ﬁ"é? q‘t'l?egidn the art

" COU lin ent s .f or protes:) on disclosed herein. It
(For P iR o2 ele Yo BLAHRRTS pfachi YT ﬁeﬁlI.Véﬂ?foosooosazo
tlb Rutdidbd tat GRRpEIfictiof anhéxamplasdeicnosdgsest asrexgmplapepHy, with the
by reference,, The ¢o 03| e falbr Lo and
dm@%ﬂﬂt angsRirid P the Jav t‘?’h %% ﬁ{%ﬁtb %ﬁ%@@gq: al?lcse'nt s
SwAls A3hedds: 123, 731, 6, 294, 187 and 6, 440, 044,
the 25 contents of all of which are incorporated
herein by reference, are also appropriate for the
production of stacking units. In another enbodi nent,
stacking units may be fabricated in a manner that is
intended to facilitate bony ingrowth and cell ul ar
infiltration into the conposite while nmintaining the
nmechani cal strength of the material within the inplant
site. By carefully 30 evaluating the volune fraction
of cell conducting material for use in a conposite,
35 stacking units may be fabricated that provide paths
for tissue penetration into the conponent, even where
there is no porosity to pronote cell mgration.
Techni ques for determning the appropriate proportion
of cell conducting materials and fabricating suitable
conposites are described in our pending application,
filed on the sane day as the 5 current application
usi ng Express Mail No. EL979824567US, the entire
contents of which are incorporated herein by
reference. Ot her enbodinents of the invention will be
apparent to those skilled in the art froma
consi deration of the specification or practice of the
i nvention disclosed herein. It is intended that the
speci fication and exanpl es be consi dered as exenplary
only, with the
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10 true scope and spirit of the invention being

i ndicated by the followng clains. What is clained is:

36 1. A systemfor inducing fusion of vertebrae,
conprising: a plurality of stacking inserts for

pl acenent in an intervertebral space, each insert
conprising a conposite consisting essentially of bone
fragnents enbedded in a biodegradabl e, bioconpatible

pol ymer, the conposite having osteogenic 5

pRoper hl s%&em%ﬁhﬁhﬁn@ﬁﬁ%&@%@ébr@?b&nﬁﬁdiﬂigﬁ| ity of
stacking'inserts may be selected to fit the )
di mens# ohealiy of Hecking mserts for plaggmens fiean infervertebial spage, each insert

for in ina fusi . . oo ) .
ol ur al ?(#ﬁ %gn%?gérglp%sgtfeic%ﬁé%t??%%ernugﬁggg m{ﬂﬁ%&égxﬁ@mbedded m.a
| nt er vbiotedraddbles pameompatithe | pslgmer, cleprangiosige ahaving - osteogenic

conposite consisting essentially of bone fragnents
5enbeddB¥PPRCS  pi oconpati bl e pol yner, the conposite

havi ngwhslcRPS et Bf 8 Hhirffy ofRBEKIng iAseRsl Isat bobelaaddlto fit the
plurality of stacking inserts nmay be selected to fit

the diiveansioone! the inigtuertabra spases ebr al space, and 15
wherei n the bioconpatible polyner is selected fromthe
group consisting of collagen-GAG collagen, oxidized
cel | ul assystein for inducieg stannf vettehrah) espppobg| actic
10 gg: 3 |’ ag%i%%%t%; (ég lpt;:}épgé é{gf’:r&g&r \ﬁaggntlsl:n% _ug gﬁ g‘!té/r%grltelb%al %8&'10%; each insert

pol y (! a&hpndiens @ cOmpeslel da3istinpOdsyslitial RO BEne fragments embedded in a
pol ycar bonat es, pol yhydroxybut %/r at e,

pol yhy bicssmpatible palimets theycpippsitediaing| oy EUUGPIORRRIFS: ¢

acid), 0 , QQ%e
poIy(aFé%F@?gﬁg%%ggréﬁgﬁﬁgggggﬁgggg#éqﬂﬁigrogepfédﬁmmiK)ﬁtﬂm
pol oxadimehsiopobi/the ytavasebraspave; @di d deri ved pol yners,

am no- aci d- based pol rs,, am no-aci d-base ol yners, . .
1571 oo HEcIsis B B GRRADIe PhbBEF AR sefuga oo 1hE BrdlfLSnsising of
pol ycaphipeh e @nehiRgkn, aixididdde sellupia) fBGE Ulastial staribgtpolylactic
bi nders, “polyvinylpyrrolidone, cellulose, ethyl X
cel | ul ecid, polyglyeelisr 9eitapelyleticed-Blreic agifd pollastide, Rolyglycolide,

t her eof e anevi h
i R e LI L.
i s polyhpdryprabypyttf urer polgropybaikey ( capglptacodhmene acid),
pol yam

2P0 Y20 Rk BOLIERL, 25, S5 RELYAC SRl AR ASEEASEY. Bt
nat ur ahy,@pge1S0sHISdaBfbrd) PokRALABA GRS acill RIefivdd Péliners, amino-acid-
based polymers, amino-acid-based polymers, tyrosine-based polymers, tyrosine-

based polycarbonates and polyarylates, pharmaceutical tablet binders,
polyvinylpyrrolidone, cellulose, ethyl cellulose, micro-crystalline cellulose and

25 blends thereof, starch ethylenevinyl alcohols, poly(anhydrides), poly(hydroxy
acids), poly(ortho esters), poly(propylfumerates), poly(caprolactones),
polyamides, polyamino acids, polyacetals biodegradable polycyanoacrylates,
biodegradable polyurethanes, natural and modified polysaccharides, recombinant

versions of biological polymers, silk-elastin, polypyrrole, polyanilines,

30 polythiophene, polystyrene, polyesters, non-biodegradable polyurethanes,
37




versi ons of biological polyners, silk-elastin,

pol ypyrrol e, polyanilines, 30 polythiophene,

pol ystyrene, polyesters, non-bi odegradabl e

pol yur et hanes, 37 pol yureas, polyam des,

pol y(tetrafl uoroethyl ene), poly(ethylene vinyl

acetate), polypropylene, polyacryl ate,

pol ynmet hacryl ate, pol y(nethyl methacryl ate),

pol yet n -

pol ycaP%lg@agtgs esm%ayrélg%shyﬂo@m&ugg{?(?gée%ﬂ@ﬁe)’ gr ét elgt%r VHBH! acetate),
pol yar yd)laptesyldm,l \mwatwbiw,CQdmﬂﬁh@r)dapboman@t@dl daetBacrylate),

e, aThPer. il tt RASRD. S NPyl afafbonstes, amino
copol ynaid-gerival yelgarbans] ?51Ya@mt63(dﬁﬁw rfane &Elbﬁﬁ)dwarboxyhc acids

acids), poly(caprol actones), pol y(hydroxybutyrate
5 pol yan Pm&'@sa"lﬁ'élpﬂﬂ%ir tiwgenoé%ta@}(ggc @W@S@g}@d §om L-tyrosine,

bi sph eE&# rﬁla&aﬁaﬁgoﬁodlé(&kp&gﬁy s eﬁp%iﬁhrboﬁﬁ@@ | DOIRES %y@lfor:,]rcarboxyhc

pol yal gl ycol and and deri'vat’ives
conbi namdso,n polwfcamwiacmmas)h eolyamidmmr@yraae 3), Apcdyephpdnidesy poly(ortho

i nduci n usj f v PN urallt

of st a%%rf?g P&t ?Ptr% gbsp ggenbeaﬁ oya(ﬂgosﬁﬁer \Fésr)’t eBP ]Iymers of

space, pslasikylensglitol aG® Bplyesem m@d@ﬂa@mlahé c6@binhtidrisid any of the

essentially bone fragnents enbedded in an 15
10e|ectr@%€?1ve bi oconpati bl e pol yner, the conposite

havi ng osteogenic properties, wherein a subset of said

plurality of stacking inserts may be selected to fit

t Be dAmsysteindasindticing fisiontod Nemqbr@bctahpme. 4. The

syst em o | al 1..2 Or rej n i nser .

=1 ackeh Ui R St BT etk B B TpRA Space, cach insert
hor i zocﬁrqi.risyngah Qﬁﬂlpbﬁ% wm&sﬁmgmssamdllgr&@e feagngents0émbedded in an
d| agonﬁlg y with respect to the intervertebral space

>5. The® %ﬂéﬁwe@lmewapaﬁ ¢ pAyiget, e cpEppeieay g osfsRgenic properties,

parti clRseR £ sﬁ&@ﬁ@[@a‘i@ Eﬁiraﬂﬁ S0f sthekifly idddfs TS BMcted to fit the
claim1, 2 or 3, wherein the bone partlcles are

parti adm;en@pna‘caﬂthg/mtq;rmehml spaceed. 7. The system of
claiml1, 2 or 3, wherein the bone particles are
obtained froma nenber of the group consisting of

corti cohe HeRen of daigell| Dus 3 hehideein &thée@t@-ax@&aﬂ@ﬂ&éhiclmﬁ laterally
bone, and m xtures t hereof. 38 8. The systemof cla
201, 2 ohorzontailuy berizopklyRieng Hher ateniqrPosieron BYig Hre&lagonaﬂy with

from Brespect to the intervertebral space.
5. The system of claim 1, 2 or 3, wherein the bone particles are nondemineralized.

25 6. The system of claim 1, 2 or 3, wherein the bone particles are partially or fully

demineralized.

7. The system of claim 1, 2 or 3, wherein the bone particles are obtained from a
member of the group consisting of cortical bone, cancellous bone, cortico-

30 cancellous bone, and mixtures thereof.
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menber of the group consisting of autogenous bone,

al | ogeni ¢ bone, xenogenic bone, and m xtures thereof.

5 9. The systemof claiml, 2 or 3, wherein the bone
particles represent about 50% 90% by wei ght of the
conposite. 10. The systemof claim1, 2 or 3, wherein

the bone particles represent about 60% 80% by wei ght

of the conposite. 10 11. The systemof claim1, 2 or

3g, whe Eysgé?ﬁ oPRREm PRI dCh, OShéRI RS BBhe phfibles 4RYobtZA¥M from a
by wei ght t he conp03|te . The systemof claim1,

2" or 3memher of the grodpecasisting gf @ultggﬁnoﬂs bone, aHeganiosbengy senogenic
15 par |1 el and.bottom surfaces. 13. The system of
cIain1 one Qéng%uuﬁngglﬁ at least a portion of the

inserts have a wedge-shaped cross-section. 20 14. The

systemof claim1, 2 or 3, wherei t | east o
OBt e Ty i< ORFiTE 1 21 POFTATL e DB PRI 1o dForesent about 509%-

conpleg@%ag. $ﬁakﬂﬁag date. The systemof claim1l, 2
or 3, wher he |nse S conprise connecting

structures, surface texture, or both, that inhibit

ati pt bet,wege t -
t 60%-
e RGBT g S0 o el Bl o R RSt sou o0
of cl agw%b@,wai\g‘r&beuﬁcbﬂ@oﬁannectl ng structures are
sel ected fromthe group consisting of ridges, teeth,

10¢ hr eads, wedges, bunps, cylinders, pyranids, blocks,

Vel | eygpe %'sfgﬁll 1533 claﬁﬂlle§ or%, ‘vﬁl%relrp’&fctﬂoiegpan{c%ﬁqg&esent about 70%-
tongues, grooves, valleys, 30 troughs, dinples, pits,

and doVadyiveiga of e, coffipesiteyst em of cl ai m 15, wher ei n

the securing structures can be used to attach

adj acent inserts, and wherein the structures provide

auzli bl Thosystan tdfl daifmegdbae k3, witeedin at lesshagmnttiocoiithe. inferts have

18. The systemof claiml, 2 or 3, wherein the inserts
15corrprl B%f’]i"é dpotip 8f%€s that inhibit novement of

the inserts relatlve to vertebrae adjacent to the

inserts. 19. The system of claim 18, wherein the

sé&ur i e systamtoficksmal, & swb.ewhardinfat deast a@ortifnopfpthe inserts have a

consi st | unps, cylinders, pyram ds,
el apld HiRShpr it

blocks

20 14.  The system of claim 1, 2 or 3, wherein at least a portion of the inserts are in the

form of a partial or complete spherical cap.

15. The system of claim 1, 2 or 3, wherein the inserts comprise connecting structures,
surface texture, or both, that inhibit relative movement between the inserts when

25 deployed in the intervertebral space.

16.  The system of claim 15, wherein the connecting structures are selected from the
group consisting of ridges, teeth, threads, wedges, bumps, cylinders, pyramids,
blocks, valleys, dimples, holes, grids, mortises, tenons, tongues, grooves, valleys,

30 troughs, dimples, pits, and dovetails.
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10 holes, and grids. 20. The systemof claim1, 2 or

3, further conprising a fastener for connecting

inserts to one another. 15 21. The system of claim

20, wherein the fastener is selected fromthe group
consisting of screws, rivets, biscuits, rabbets,

dowel s, and extensible structures that |lock around a

set of inserts. 22. The system of claim 20, wherein at

| St PhdYstdnP B faith S, WiRRSH heCQREMIAS SruchBePEAOHE b&lio attach
hol es, slots, or notches sized to acconmpdate the
f ast enadjacenl3insattse any sthsrain thecstaichras, previse awdibie pr fastile feedback
conpri §j |.cl crew that prevents relative
nDtionw%$9§%¥$§%#§§&F%rning the intervertebral space.

25 24. A method of fusing adjacent vertebrae,

conprisjing: inserting intg an intervertebral space .

d&¥i neliﬁws{%o e dnt e oebspe ‘BF‘?EPSa‘i"PW‘S@ geuring structures
i nser t gaf HairRGRHRR! ofMTRE Glerishelafil @ vanebiaadscent toltheinserts.
intervertebral cavity, wherein the inserts conprise a
conposite consisting essentially of bone fragnents

embedd in.a biodegr . bl o [ I
CRe° Conflo et BEOTRE A St UCERURAL s8R0 e Blecied from the
A net haduptoisisting @f @idgesc bainps; eytisderg @yranddy blaksgralleys, dimples,
insert%ﬂg iq¥§®$n intervertebral space defined by the

adj acefft'“% &y Sae a plurality of inserts that
together match the size and shape of the

I ntervertebral cavity, wherein the inserts conprise a .

c dposThesystsrsofstaingl, @sardn further goraprisingefastengfeneanngeting inserts
enbedd&ﬂ)in & bi oconpati bl e pol yner, the conposite

havi ng og?@gﬁgﬁ?c properties, wherein the

bi oconpati bl e polyner is selected fromthe group

consi stj ng of coll agen- GAG col | agen, qxidized .
Cel'T ul Baesbsiepnel qaimedta uierein B¢ fasiRigiis selpied fromythe group consisting
acid, polyoky CeS viehils, i, Wotel; GRd SkithableCstliutes that lock
pol yl actide, = pol ygl ycol'i de,

pol y( | aromndiesat of gisgrtsol | de), pol ydi oxanone,

pol ycar bonat es, 10 pol yhydr oxybutyrat e,

pol yhydr oxyval yrate, pol y(propyl ene glycol-co-fumaric

ag2.d) , Thelsyfiudr exylaink 20p aitesein 20| lyphaspirdarrefsthe inserts comprise
pol y(al kyl. cyangacryl at es) degr adabl e hydr | s,

pol ox aH’i?%’él,ledd%ﬂl?aflﬁsa?rég’f"hﬁ?r?‘ﬁ%{tg éF‘a’nﬁfE?‘%/%Tg‘g gﬁ?ﬁ?ﬁ% rs,

am no- aci d- based pol yners, am no-aci d-based pol yners,
t yrosi ne- based _ .

23.  The system of claim 1, 2 or 3, further comprising a pedicle screw that prevents

relative motion of vertebrae forming the intervertebral space.

24, A method of fusing adjacent vertebrae, comprising:
inserting into an intervertebral space defined by the adjacent vertebrae a plurality
of inserts that together match the size and shape of the intervertebral cavity,
wherein the inserts comprise a composite consisting essentially of bone fragments
embedded in a biodegradable, biocompatible polymer, the composite having

osteogenic properties.
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pol yners, tyrosine-based pol ycarbonates and

pol yaryl at es, pharnaceutical tablet 15 binders,

pol yvi nyl pyrrol i done, cellulose, ethyl cellul ose,
mcro-crystalline cellulose and bl ends thereof,

starch ethyl enevinyl al cohols, poly(anhydrides),

pol y( hydroxy acids), poly(ortho esters),

pol y(propyl funerates), poly(caprol actones),

P yank desno ﬁHg acf &E?tebﬁ@'dbﬁib%ﬁks bi odegr adabl e
pol'ycyanoacryl at es; |ode radabl e pol yur et hanes,

nat ur ainsextiolz mgel pf uwva@bpg |sy@acicﬁmd ethe adiaeenttyeriehiee a plurality

\p;glr ; IpS? . of bg}# ?(%?[ ﬁ‘gag"hy g%l %W% thz% A5t {hlg in ervertebral cavity,

pol yesifﬁér61n tﬂ@ﬁrsertﬁ d@ﬂ@maﬁi abhposite |c§11hﬂisﬁngamatlally of bone fragments
pol yur eas,_  pol yam des, pol%(t etraflu tg‘r oe | e ?]
pol y( e¥ARAdgsd i Ay Plosewpall BB ByP‘EH%OS‘te dving osteogenic
pol yacg *)&EISS @Hér&ﬁetlﬁaﬁfdéblﬁf)ﬁlble %ﬁ))fﬁéfetshﬁélected from the group
met hacry ate), polyethylene, poly(ethylene oxide),

am no mutl@ommmw, yollagbmrmxidized cghitlgee, fibrin, elastin, starches,
aci d-deri,ved pol ar vl at e ya S d 0

cert ai %Olﬁlaagr 5% VI P& é’°°§fs° 5%31 aér‘%ik%&gcccod EM?C agfc{’ B?lelactlde,
di phen;ﬁtllﬁgly@ﬂhkienl Cpoly@l@btydﬁdosglﬂaﬂid\i)ed f)dilgﬂibkaﬂoyxe,osipnb/,carbonates,
pol yaryl ate random bl ock copol 0 r bon teﬁ, 5 .
pol v ( RUVRHIERRYRRYERS, | Pe Y&W&W YEQfP’y (pei}g %P%&f'%n@yw -co-fumaric
pol y(h )OX?SQZE%/ e 8t afidanoiEY, yglﬂi}}ﬁg(gépgfz%nesoolpMKy@zﬂkfl@yanoacrylates)

esters bi sphén

pol y( pc&ﬂgsqmihblsshseircgeis @obmhlymr polyarylatesy aind-eqi@ dgriyed polymers,

d
gﬂy gfar%ﬁﬂétag{siolafée 26) of e\rfrgi Ih%lgﬁlg giéa%%gl }&ﬁ%@é}% otyrosme-based

ver t ebsdpmers Ofypdsirittiaged poliyersioriates Gnd polyadylates, pharmaceutical tablet
intervertebral space d flned by the a Ja‘iﬁﬂt vert eprae

a pl urtinders  nofyvimdRsrrodidenes; celiesenefthifnt cellulose Jpiste-crystalline
and shamgidel hfioibitseimyRbE ehidh RfNddeYinyl ‘Mb%h@lbnpéllﬂ'?anhydndes)

inserts conprise a conposi'te consisting essentia
bone fpcalghsdtpsy errbeds)ed i polsi(oethect r sstersi,ve, poly(propylfurnerates)

bi th t
o coTRH AP BhATEboivh s BRREELS, AL foypecily pjodesmadatt
25 or pflycysheicilted, hebibdegeiduble arplnairathiies, vastutataldnd, modified

Iaterally horizontal ly, horizontally along .the

0 ant er i MYEREASSH r regN! E’“"“Hr Vaqsg’é‘én%ﬁ/l}%}‘ﬁo #lh PPlyIsLY ¢ silk-clastin,
to theyds YET L shyalikRacC letHb en. VehBed Qlolyesters, non-
cl ai m 4%32% or I%JH’ vvherel Eo he I:%lonee partl cI es ?ey

blodegradable polyurethanes, polyureas, polyamides, poly(tetrafluorocthylene),
poly(ethylene vinyl acetate), polypropylene, polyacrylate, polymethacrylate,
poly(methyl methacrylate), polyethylene, poly(ethylene oxide), amino acid-
derived polycarbonates, amino acid-derived polyarylates, polyarylates derived
from certain dicarboxylic acids and amino acid-derived diphenols, anionic
polymers derived from L-tyrosine, polyarylate random block copolymers,
polycarbonates, poly(a-hydroycarboxylic acids), poly(caprolactones),
poly(hydroxybutyrates), polyanhydrides, poly(ortho esters), polyesters, bisphenol-
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nondem neralized. 29. The nethod of claim24, 25 or

26, wherein the bone particles are partially or fully
dem neralized. 20 30. The method of claim24, 25 or

26, wherein the bone particles are obtained froma
menber of the group consisting of cortical bone,
cancel | ous bone, cortico- cancell ous bone, and

m xtures thereof. 25 31. The nethod of claim 24, 25 or
26, Wwhgr ' nkdWBof and polyester,
rerber op L HE PR RERIY, oty of Hoflalgttnt ghoR and poly
al | ogemidglepwatives mggﬁnnmonbgg@yttfﬁhﬂ ahoxe.ur es t her eof .

32. The nethod of claim 24, 25 or 26, wherein the bone
particles represent about 30 50% 90% by wei ght of the
C2EPOSA intethatPofIsing idjadert Vepbmat, wheprisingd, 25 or 26,

wherein the pbone parti cI e repre ent out,, 60%
> yor g BT, SDCPHETREL e he Griagl vRighnac ¥ plurality
25 _or gf61 suberat 'ﬂo bR BRS §ibc hes sﬁ%}%rﬁsﬁl@tmmmal cavity,

5 70% 75% by wei gh of the conposite The net hod
of cl awhergia, thoBisats @eprish e cemnposite cpmmg@sq@emlimf hope fragments

s6. ThETeRRDAct SRkB S, SRoAPHE dE, hBfpodft naving

a por t éstdvgeric phupettiRsert s have a wedge- shaped
cross-section. 37. The nethod of claim 24, 25 or 26,
10V\,hereln at |l east a portion of the inserts are in the
m Of ARk G leiEn 9-@"@5 %I' 965%81%11{3@% ndds ke sked vertically,
T e nethod of clalm24, 26, wherein the inserts
conpr i b@raimmomtn@y h@nmmlm aleng thetanteninr-ppgierias|agis; gediagonally
novenent. bet en deployed in the
.nterng?SﬁP§$%% mv?%%§@5p¥%e net hod of cl ai m 38,
wherein the connectlng structures are selected from
t he group con |s g of g et t hr ead
15 wékigesThey umpho 09 ‘{’p aff d 6e "gﬁeﬁ’é‘ks& iPPeeygamdes are
dlnple§nmgn,3§ﬂmg§|ds nDrtlses tenons t ongues,
grooves, valleys,

29.  The method of claim 24, 25 or 26, wherein the bone particles are partially or fully
demineralized.
20
30.  The method of claim 24, 25 or 26, wherein the bone particles are obtained from a
member of the group conmsisting of cortical bone, cancellous bone, cortico-

cancellous bone, and mixtures thereof.

25 31.  The method of claim 24, 25 or 26, wherein the bone particles are obtained from a
member of the group consisting of autogenous bone, allogenic bone, xenogenic

bone, and mixtures thereof.

32.  The method of claim 24, 25 or 26, wherein the bone particles represent about
30 50%-90% by weight of the composite.
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troughs, dinples, pits, and dovetails. 25 40. The

nmet hod of claim 38, wherein the securing structures
can be used to attach adjacent inserts, and wherein
the structures provide audible or tactile feedback
when attachnment occurs. 43 41. The nethod of clai m 24,
25 or 26, wherein the inserts conprise securing
structures that inhibit nmovement of the inserts

red atipg ﬁféth%gl AEAIn Y& @5'39{ 9@ Whehn 1HeBbRY ?Q’tl'cl%s tr&ﬁesent about

intervertebral space. 5 42. The method of ¢

aimi4

wher ei @%ﬁ@%@ecwelgh@fehqmm@s are sel ected fromthe

group consisting of ridges, bunps, cylinders,

pyram ds, blocks, valleys, dinples, holes, and grids.

434, ThEhaelethod difclaiimalan Blor 26 wlicréih, thé bohd particles represent about

corrprl S|

> one anm/ﬁgﬁ%%ﬂwe‘

usi ng .a fﬁstener to connect 10 inserts to
R 40HPOSHe- | ai m 43, wherein the

fastener is selected fromthe group consisting of
screws, rivets, biscuits, rabbets, dowels, and )
eX&-ensThy @e‘@pd o€ claire 24, 2har 26,0xherein gt lrdstaa pertionfof the inserts have

i nsert
| east
hol es,

pc‘arallﬁ_’ d-gpt‘??nﬁgmj?é)c%s of claim43, wherein at
&

por inserts conprise predrilled
sl ots, or notches sized to acconnndate the

fastener 46. The net hod of clﬁ m 24, 25 or

10 30t heFhemrthpd f Flgm A& 9ris: ¥

et %II%‘SE%P%I\‘WOD Qé theyingerts have a

pr eVe“Jv&lg%%hQﬂéd\é‘?os@‘%EdtﬁB of the vertebrae adjacent to
the inserts.

37.

15

38.

20 39.

25 40.

The method of claim 24, 25 or 26, wherein at least a portion of the inserts are in

the form of a partial or complete spherical cap.

The method of claim 24, 25 or 26, wherein the inserts comprise connecting
structures that inhibit relative movement between the inserts when deployed in the

intervertebral space.

The method of claim 38, wherein the connecting structures are selected from the
group consisting of ridges, teeth, threads, wedges, bumps, cylinders, pyramids,
blocks, valleys, dimples, holes, grids, mortises, tenons, tongues, grooves, valleys,
troughs, dimples, pits, and dovetails.

The method of claim 38, wherein the securing structures can be used to attach

adjacent inserts, and wherein the structures provide audible or tactile feedback

when attachment occurs.
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41.

42,

43,

44,

45,

46,

The method of claim 24, 25 or 26, wherein the inserts comprise securing
structures that inhibit movement of the inserts relative to adjacent vertebrae when

deployed in the intervertebral space.

The method of claim 41, wherein the securing structures are selected from the
group consisting of ridges, bumps, cylinders, pyramids, blocks, valleys, dimples,
holes, and grids.

The method of claim 24, 25 or 26, further comprising using a fastener to connect

inserts to one another.
The method of claim 43, wherein the fastener is selected from the group
consisting of screws, rivets, biscuits, rabbets, dowels, and extensible structures

that lock around a set of inserts.

The method of claim 43, wherein at least a portion of the inserts comprise

predrilled holes, slots, or notches sized to accommodate the fastener.

The method of claim 24, 25 or 26, further comprising inserting a pedicle screw

that prevents relative motion of the vertebrae adjacent to the inserts.
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