; bcdee3el) ( 64T GRADABLE POLYMER SCAFFCOLD FI ELD OF THE | NVENTI ON 14
May ZOOZMB'“‘HMWQ% invention relates to the use of a biodegradabl e

pol yrer ti ssue engineering applications. Mre pgfitagpber |y,

t he present ©¥&éMtion relates to a novel nacroporous polyner scaffold
having a high |level of interconnectivity between macropores. BACKGROUND OF

THE | N\/Elmlm,l mmulr eat nentgo GMHBLESP?MQF Sg:ﬂﬁéf?bm“ ons and

di seases require Inplantation of grafts. I's well known that
aut ografts ameboat | ografts are theFEAMDEOF THEHINVENTIONwWever, due to the

limted I d i sks. of .di 1 SSi | i

ericount ered w th 1 hSEPiseRrt o PRiRARe AR 3% B P BEen wi del
used as i npl antssaffdl fopltissws emgiseermg\dpplications. Mtvegravtiotiiaslyt thegoesendf t hese

bi omateri al s, chani ca{ m

as smat ches (stress shi el dj .and appear ance of
wear debrPs |egale{1”§orbw?ée%‘ %D ﬂ‘ﬁr}a?"?:?é’f 8‘1'%%‘?32‘“%'?5(’859@3%‘59? QQEFE’Y&' %he
i mpl ants (VW0 é@iteRbrneckidifitbetwien afRfogdirest! ., 1988). A new approach, defined
as Tissue Engineering (TE), has recently raised a 20 25 | ot of interest.

Ti ssue engi neering involves the devel opment of a new generation of

bi onateriafs capable of speci fdgck8ReLAGD CEPHENVERTONOI cal tissues to
in

yield functional tissue equivalents. The underlying concept is that cells
can be isol ated fr ofdone preatreents fanipunes geneticoaiformations ancidideasesiftdnont o a

ffold . necific bj ' bi ol ogi cal
Soar 1ol 48" SP2bfuk aRRRRSH bidha L MRLFRIAI gt 1050 SRELIGHGHLLS' 00 o2
t he sane pati ethe sajedtimplanisnhasewerr dyd wctbedimited seppip andteriskaofidisyadeens are

ful f tiss | . t t ' | im.ted ilabilit
of donor _or gang aBIMRE & rrec e teglE LT st Bt b S Retallhar
nat ural repl acaawnilso been aitely adddeas ifptarts.adnplidatidrisah viveayera ebséged

delivery vehicle for biologically active ieties fro owm h factors
genes axd dr ug¥th-pme q@?ﬂ?%&"?'ﬁﬂ F'?'sa%WgBW"E% "EW@‘@H]?Q §S%§lﬁ'@'ﬁ§ig\)/e)

appl i cat hons Wahd apgatfhhdeSoftvied? AeBrid Rladad ol biropify, BStedpstokiB dr BskéaReigMENt

of 14 May 2002 health care systens. The_application of tissue engineering
to the growt h afoupddke impiante (WVepst abs1 A Jedesenptabt B Peni ¢ stem cel | s,

seeding them and alAquh@oldiE défimeddsonsd @Wa&,ﬁgg&ggy?g reRRHf fafbadld T O-

The newly obtained tiss can then be used as “an au gradabl e
pol yest er s- - i nigpaf intarestafispus gridinearingdniis\toe Heviigpmentof @ risucgengsadivnas
scaffolds for t} Nai i : ALt fen CAl. l at | ons, for
exanpl e: chondtr)t)l(?:@'!tﬁgtse%? g’sﬁggé%’ﬁqgg%c'ﬁ§ml€—érrgé€qgwtglb?alé%gflﬁ'%s%%qgfy % oned.
Mater. Res. 27fuhttidrn tidsR@Bquiviaismis. dbwetesle(ipisg desaept isdbati@libgavbe iseiated  al .
in the Journal ,of Bignedi cal . Res. 29, - 96 9 d_nost
recently, bonefrﬂ@rar% 8 Pﬁ%‘?ﬁ%f‘|°§ﬁ?3‘%”’%@8@?.g%‘i%"s%@}%%s%ﬁg‘gé%‘e%f‘?d frﬁmt he
J. Bi orer. Mat a sPecific ﬁGmaHiaB&foﬂtﬁ%?scafﬂldlldl‘&hdvlqgieﬁl campositencellet IaS'TfEndh
Materials, 7, 223-234, 1997). Specific par.o struct yr t hese
pol yesters wer Eonsidptar B¢ %ﬂﬁeﬁt@@é@é‘d{‘w ﬁQ@qdéf‘toﬁﬁ%\é%? ,paﬁ?fgrspgﬁ'ﬁ on as

mar r ow der i veda ¢&dlhdenient iBSLR. Sehid SRR sYBtehidasie uBOIIPIHS ofdahUiREUE RplacBRIRAt
ingrowh only occurred within the outer edge of 3- wBol ymeric scaffold

(1shaug & ai . Wheigghere isp lipnited aypilabildy,pf donor praags of waelsp i 3Aine easssdedol ds

prepared in thgsg i ELARFRad¥GIdRe hRRAS FRhEerhéhts are available. The scaffold itself
may act as a delivery vehicle for biologically active moieties from growth factors,
genes and drugs. This revolutionary approach to surgery has extensive

applications with benefits to both patient well-being and the advancement of
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allow for the cell growth required to render tissue suitable for

i npl antation or for use as an autograft. 20 SUVMARY OF THE I NVENTION It has
now been found that polyner scaffolds characterized by nacropores in the
mllinmeter size range with interconnections as seen in trabecul ar 2 , are
particularly useful for tissue engineering as they aIIom1ceIﬂ4ﬂ@aY §8§m¢h
which is crucial for the devel opnent of three-di nensional tissue. Such

pol yner scaf hedltiscarasystems. epared usi ng a novel process which conbi nes the
t echni ques of phase-inversion and particul ate-leaching. Accordingly, in one
aspect of the present invention, there is provided a macroporous pol yner

scaffold conpri si T‘?e Wegﬁﬁ | of wé@@rnggﬁﬁgqgg @lﬁg\w@ldfsbo,%aitgaﬁé)gﬁ

wal I s consisting o opor ous pol yner~stru | ni"ng nacr opor es

ar e i nt er coningclves Hayvasting msteagediqstesngellsygeeding theop and wallopdngs thpendg s

ext endi ng. t hr ou sai d m croporous .pol. struts so.that macropgres, on
cither siie WPwaRPHioR & PERIaUE Baitmeme hrl ob@inel s AT AirFoes
comuni cat i oflsdd8UAN RAddtafll BREHSHrSdSIE 'EUhresharsYIFE bafticuldr . p@idbtiBGooPor es
havi ng a nmean di aneter in a range fromabout 0.5 to about 3.5 mm and said

macr opor ous @eelige)s-aver been histdh@saseaifalds fgr dissug enginaeripgupfsexeral

asent i ai 1y ATRHE e BeBLRLOHS P sERER? ShBHrckMteX B By By rrgede = "
m cropor ous gbirytierJ. f Bidrhed eMaternReSRRT A1013; s 988), Hepatsryted @iscduseebeg¢d by
macr opor ous passageways) mcroporolus assageways extendlgggcéﬁrou h said

m cropor'@us RywMaeBey &f @i ”BQ)J‘?WTQE PB}?S!"@é - Bes.res ! %f"g ShaR@n
M croporous @g%n‘(ﬁ%%pm Bne Srrbﬂ.—d{??ﬁ@li@eﬁé‘géé)ﬁ'%éé?ﬁﬁﬂ%;{ I%@%@ g{ 4FIh the J.

m cr opor ous stru sai d nmacropores havi ng aneter 1'n the
range from aBounted).Mat iRexb @6t 17-28, M897sandl Hole eb @by duSejis anddateyials, 7,
connecti ng re Vi an dianeter in ar e fromabout 200 ~. m
to about Zﬁféfﬁggm@rgggn ﬁ’%c%'_cgﬁbr BBWungﬁ{é’é%e?é §E\R0l¥e anV§anet er
| ess than abgiuha?QP AR sedibas Wit BEIRY HRANVEE WALY Bone Gt ol dehiaud N8
porosity of at |east 15 50% In another aspect of the present invention,
there i s1%r owetedulturpd aetheseoporeys tstiestureés goenaringrawtbr ouly qusuredrwitvaf f ol d
Wit m er oPoR @S uBOLAgEELr S bimERE SOk (BhSLG 3PP S, Sy 8T Supra).

Thus, the polymeric scaffolds prepared in these instances were inadequate to

allow for the cell growth required to render tissue suitable for implantation or for
use as an autogratt.
20
SUMMARY OF THE INVENTION
It has now been found that polymer scaffolds characterized by
macropores in the millimeter size range with interconnections as seen in
trabecular bone, are particularly useful for tissue engineering as they allow cell
25 ingrowth which is crucial for the development of three-dimensional tissue. Such
polymer scaffolds can be prepared using a novel process which combines the
techniques of phase-inversion and particulate-leaching.
Accordingly, in one aspect of the present invention, there is provided a
macroporous polymer scaffold comprising essentially hon-membraneous pore
30 walls, said pore walls consisting of microporous polymer struts defining
macropores which are interconnected by macroporous passageways,
imicroporous passageways extending through said microporous polymer struts
so that macropores on either side of a given microporous polymer strut are in
2



m xing liquid polymer with particles to forma m xture of the liquid

pol ymer 20 and particles; subnmerging the mxture in a non-solvent for the
liquid polyner to precipitate said |iquid polyner producing a solidified

m xture; and subnerging the solidified mxture into a sol vent,  that

di ssol ves the particles for a tinme sufficient to dissolve t hd4May 28925 to
obtain sai d macroporous 25 polyner scaffold with m croporous polynmer struts
def i ni ng i nt edronwnsatied thnatigh said givehrmigrapdieus pelyser strit, tdaid maceopdres

there is proyided a macrpporpus pol yner. scaffo {th_m croporous polyner
Struts defi (RS & BRERIHABEES mEctANgE s otk 0 Dl Adut-a SRGY ARdRAY et
with particl ﬁ@cidbo?&ié@@ymkéﬁfﬁ)l@haﬁﬂgta%'brlsiitggflﬁt Rakys®, and particles,

subnerging the m'xture in a non-solvent for t i quid polymer to
preci pitate the | Mgig dasticulary, thereriedurovidedsal macropesous polymer aeaffold

particleda Soriiring estd el ot el shat harh Shigcighs Sl bohaBing oo
to obtain sapfimREFETEAs PYRyNRS Stitls d6friihg ehatropdres WHIEHARY iBtFcHMacd] byt r ut s
defining interconnected macropores. In another aspect of the invention

there i s proViagedPOsOY BaIsAgENaYSgMiRIPPQIOUs Passageways peendisgwbrough said
di stribution,.1i r ' | c pal v . f ol Lth a
t rabecul ar rr%]rld[g %@85‘% §(§y®|eg§%ﬁ"rt1§)(r)$ élﬁal é%gféwést@{m%ﬁﬂ[?hg'gé\:/gfage&vg%
macr opor e si microporobs pebyaidratat aroimaonsmagication tHrepgh sdid givervmitrogpreus
macr opor ous pol yner scaffol d cog‘gefi Si

ng essentially non menbraneous pore
wal s, sHl d PRy@ehalvt sgigapsiopipsiha 'Q:?dﬂ%%d@"%wﬁéheéﬁ'?gﬁ OB ng

Macr opor es WhisCly suti 315 FhrORERCHRE r%sc asdewa écbo?iﬁéél?@ep‘?a)bﬁo
m Cr opor ous passageways extenaﬁﬁg tﬁ?p\gug Eaig%ym CIyOpOI‘ ous po yrrerposr(te?uts
so that nacrlopingsa oean diaeetsi ohe aofangedromnabout r2ifopputo pbbyt@mnst and ar e
I n communi catbon_t hrough said given m croporous polynmer strut, said

rilﬁ’f

macr opor es h¥OPHY SRAITARAURKRE EPSTAINAYSTRYVG A cﬁﬁ%‘ﬁ_ﬁerd?@ fhgnahawt 3.5

I S e LR R Y S

ti ssue cH | s50BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the present

| nvention are des&rénboetﬁeri Qsp%rcteg} t?\g pdrgééar;tlin\\/gnttign, there is provided a process for
synthesizing a macroporous polymer scaffold with microporous polymer struts
defining interconnected macropores, comprising the steps of:

mixing liquid polymer with particles to form a mixture of the liquid polymer

20 and particles;

submerging the mixture in a non-solvent for the liquid polymer to
precipitate said liquid polymer producing a solidified mixture; and

submerging the solidified mixture into a solvent that dissolves the
particles for a time sufficient to dissolve the particles to obtain said macroporous

25 polymer scaffold with microporous polymer struts defining interconnected
macropores.

In another aspect of the invention there is provided a macroporous
polymer scaffold with microporous polymer struts defining interconnected
macropores formed by mixing liquid polymer with particles to form a mixture of

30 the liquid polymer and particles, submerging the mixture in a non-solvent for the
liquid polymer to precipitate the liquid polymer to produce a solidified mixture,

and submerging the solidified mixture into a solvent that dissolves the particles



20 reference to the acconpanyi ng drawi ngs and conputer digitized

m crographs, in which: FIG 1 is a diagrammatic representation of a portion
of a polymer pore systemillustrating different conponents as defined
hereinafter; FIG 2 is a light mcrograph of the bone trabecglzﬁ inpége
neck of the 25 fenora showi ng the isotropic and ani sotropic A EY? i fied
| i ght m crograph from Tobin W J., in J. Bone Jt Surg 37A(1 ) 57-72, 1955);
FI G 3A is afdriagirhe sufficient &pdissblve tipe bartielesito obtain rsdichmacreponouspolymes ent

i nvention (fiel idth=1.8 cm; FIG 3B.s light mcrograph of a 20p, m
section of |t HEATRH Yilh MSiapOras PSLSHe deRaing e AR BAg ORRIES. 7l . 3
s a scanning el eg} aasing} 246t 8PheOhvdrBRRER MHbAdE] aldiBoe MBoviAg f ol d
of FIG 3A; 4 14 May 200Z FIG 4A 1s a chart illustrating the

st r ess/ st r entigsues withepartasive distributien, incatiireediimehsionsuimactapstdousopalymer

conpressiye te t .arate of 1 9% defaornation per, second: Fl 4B i g a
chart 111t P wift, S hbgeuds MAsPORBRY dbnd Rt ioRt Binsh2 S et 200
mechani cal pae@ageinescrepoRAiXTRIthe eaaffail dsomdrising/Hendep®diil us of the first
elastic region is referred to Y, and the Youna?‘foﬁdul us of the second

el astic region i sPryiding & Masroporesy Polynaen §C Lempiiging essentiallyrinanogr aph

Q05 g1 i pLEREbENE BRfe B $68 el wals BRI, OF rlc BRI ERMIELh o
the pore wal stratsr Wifinlrgy Ofmadropodds olklichr emar adterédrhegtedoNbe Ninidirogsroas 0. 2
glm PLGA 75:25 in DVBO, Figure 7A is a scanni ng el ectron m crograph of

PLGA 75| 1% sPa$sagenayshmigrRBaroysi Ragspasways extending thielohpsaild migroReyors gur e
7B is a scanghpther! SAlS b That AHPRNLral & @nlr! dde S25T GVER microporous

polymer strut are in communication through said given microporous polymer
strut, said macropores having a mean diameter in the range from about 0.5 to
about 3.5 mm, and said macroporous polymer scaffold having a porosity of at
15 least 50%;
seeding the polymer scaffold with tissue cells; and
culturing said tissue cells.
BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the present invention are described in greater detail with
20 reference to the accompanying drawings and computer digitized micrographs, in
which:
FIG. 1 is a diagrammatic representation of a portion of a polymer pore
system illustrating different components as defined hereinafter;
FIG. 2 is a light micrograph of the bone trabeculae in the neck of the
25 femora showing the isotropic and anisotropic areas (Modified light micrograph
from Tobin W. J., in J. Bone Jt Surg 37A(1) 57-72, 1955);
FIG. 3A is a light micrograph of a polymer in accordance with the present
invention (field width=1.8 cm);
FIG. 3B is a light micrograph of a 20um section of the polymer scaffold of
30 FIG. 3A (field width=3.5 mm);
FIG. 3C is a scanning electron micrograph of the pore walls of the
polymer scaffold of FIG. 3A,



obtai ned using particles ranging from0.54 t 0.8 nm Figure 7Cis a

scanni ng el ectron m crograph of PLGA 75125 scaffol ds obtai ned using
particles ranging from0.8 to 2.0 mm Figure 8 is a scanning el ectron

m crograph of a PLGA 75/25 nmenbrane 1 5 prepared in absence of, particles;
Figure 9A is a scanning electron mcrograph of a PLGA 75125 faMay 2082 ned
at Tmx = 11 C, and Tnonsolvent = 0C, Figure 9B is a scanning el ectron

m crograph of a PEG@ 2Ali85a fobarh ibisteatingdthet stiessistreng#o Cunendf Theopslymernt =
0C, 20, Figure is a scanning. electron m crograph of PLGA 75125 foam
obt i ned at PRRTOIES WhGe SUBMIGIsha SoURFosive 580 aER dalB.of Tk cetormaation Retg
electron m cgggé,ﬁ:,;h of leaflet CaP coating a PLGA 75125 scaffold; Figure 11
is a confocal mcrograph of a Dex+ scaffold cultured for 42 days 25 (field
width = 1.8 nm); FiGQu4Risia chart dlustratingtine effectiof palymer tongdentration ogr aph of a
Dex+ scaffold stained with tetracycline. (Field wwdth = 2.0 cm); Figure 13
is a light mcrograph of an osteocal cin i mmunol abel ed scaffold. (Field
width = 1.1 cm; 14 May 2002 Figure 14 is a light mcrograph of a

haemat oxyl i n and eosin stained Dex+cultured scaffold section. (Field width
= 0.8 cnm; Figure 15 is a light mcrograph of a haematoxylin and eosin
stained Dex cultured scaffold section. (Field wwdth = 0.6 cn); s Figure 16A
is a scanning electron mcrograph of a prior art PLGA 75125 . nenbranous
scaffold created with particles less than 0.35 mm Figure 16B is a scanning
el ectron mcrograph of a prior art PLGA 75/25 menbranous scaffold created
wth particles ranging in size from0.54 to 0.8 nm Figure 16Cis a

scanni ng el ectron mcrograph of a prior art PLGA 75125 10 nenbranous
scaffold created with particles ranging in size from0.8 to 2.0 mm Figure
16D is a scanning el ectron m crograph of PLGA 75125 Internedi ate scaffold
created with particles less than 0.35 nmm
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Figure 16E is a scanning electron m crograph of PLGA 75325 Internedi ate
scaffold created with particles ranging in size fromO0.54 to 0.8 mm 15
Figure 16F is a scanning el ectron mcrograph of PLGA 75125 lathay2@i2at e
scaffold created with particles ranging in size from0.8 to 2.0 mm Figure
16G is a scanning electron m crograph of PLGA 75125 Bone-Ilike scaffold

created W th pahddhahral ﬂr@ﬁémééﬂaﬂpcﬂyrﬂér Sﬁ&ﬁoﬁsg‘ﬂne&Y&w Medulus obtheifirgy el ect ron
m crograph of PLGA 75125 Bane-|ike 2

f ol Sﬂ Wi th cI es
rangi ng in si z&astigRegion s {e(ger@cgto,%ﬂangﬁge PY0e °98F ?&%&F%‘a '&| ectron
m crograph of Rbé&w#h 755,5?9'§,e@qge,~| i ke scaffold created with particles ranging
insize from0.8 to 2. DETAI LED DESCRI PTI ON G: THE | NVENTI ON 25 Fi gure
1is a diagrammti thgelrﬁ %!ﬁeﬁﬁ%ﬁﬁnﬂ}g alecteonipiciaasPiLe! the peteal steuchye gf ¢
showi ng {¥0 MBGLARAK SFedaRlibol RBREEHalibh Bt 606 /Al PEGA 75:28 ITBRISHO! OUS

i nt er connecti on macropores are al so connected to the sur'rounding
macr opores by m cr opigurai8 ispscangingsgiectian rsisragsart ofdhe pereaualhstuchise pba) .

These and severg 5ﬁ&& ? Ag%gee&g@bg%sﬂcéd? gwﬁofg.%tfg[]agpﬂen 7325 HDNRSHY Ter

scaffold pr oducs accor resent invenfion are
defi ned herebel ow. Btgafémma deanining eieetrognnid:rmaml Qfé?llG/baﬁﬁﬁacands ti ssue

engi neeri ng or l.at ed .a cat vice has preferably a porous
nor phol ogy to 5’5’? cg Qigarbgleﬁ SF@“'\ Qbﬁnﬂ%Speci fic case, the scaffold has
an open- pere nor phoFiaye 7B/4Cd 6emniR) sledtets mictdyraph bicPLIEA Y626 ssafidifiol d)

delinated by polynmer walls. The nac cally have a dianeter
between 0.5 an®® gang)eqﬁ:ﬁm%grgclﬁ,arq@mgdgq ﬁe@i%s/é)bm'g t hat delineate

macropores. \Wien t hejgppd YOB a Sédritirty I8EFOrAMIcReYrasPbIP LB GERS, schffolydli ch
m croporous inter connectl ons separate struts from each ot her i n t he sane

bundl e, the st obtainaduying parécigs fanging rom -8itr4-A8&Mas "l anel lar". Wen the
struts are isot rOIOI ?l ufPs R0 sdnfRgRIBG ASmRRSEr Ao FEGX ﬁ%%ﬁ%n@r om

each ot her by nost| nacroporous I'nt erconnections, the pare wall 1s defined
as "strutislike' prermedhnri ahsehtenof patticles;r ut - 1 i ke pore wall structures exhi bit

nanopor es when sect Rten M £ LORIH LA GHERANIPGLA BOGATRIALE! | o

m cropores or mcro ageways ound I"ame por e
wal | s. Each st robtaimed dtafmik =kt °af apd Tporsolvent sé)3&; at ed from each ot her by

el ongated, parallel E@g tr uct ures %gcli%gnlﬂ;‘f%ga{&sa ag 7%/275%?1]‘“ t hese

pores is |less than e oveéera
i nterconnecti vidpsaigdd éthﬁmacafzbm:obhd Tvmhsolventoti8°C;i nt er connect i ons:

passageways between | anellar arr ore. 20 geen pol yrer
struts. fhey contri bgHE %ﬁﬁ%ﬁ%@%‘?&fbﬂ?&?ﬂﬁ%@ﬁﬁ ?&fon?‘ﬁ’t °A®cr opores,
and range in sigpgaihet dermix 2000, ;ﬁfdﬂTncﬁ\%BNeNaﬂW es: Voids found in the

bul k of the polyner. Cross-sections of bulk %gm mat er.i I) ei ther from

pore wal |l struts or Fisure1Qisia Sqaé.’ﬁ@gl%?"t@ﬂr"ﬁ'&fqgf Oé‘iﬁﬁebp? (C9akNgeR PLGA
concavities thalg By slly- ™y not) perforate the entire polynmer 25 bul k

material . These nanopore$ may result fromt rafpped non-sol vent within the
Figure 11 is a confocal micrograph of a Dex+ scaffold cultured for 42 days

25 (field width = 1.8 mm);
Figure 12 is a UV-light illuminated light micrograph of a Dex+ scaffold
stained with tetracycline. (Field width = 2.0 cm);
’ Figure 13 is a light micrograph of an osteocalcin immunolabeled scaffold.

(Field width = 1.1 cm);




bul k of the polyner, or from autocatal ytic degradation of the bulk of the

pol ymer. Nanopores are distributed in the walls of the scaffold. They only
contribute to the overall interconnectivity of the nacroporesy (L ey go
t hrough the entire bulk material . 14 May 2002 Int erconnect| ons e flow
passageways connecting the macropores with each other. The interconnections

compr i se the. MRCr OPRIANS1) B PAHPIHIG6AEBAS! GRABTAASIYMY Bha oblif iHifdODOr OUS

i nt erconnections (pa agevvays nanopores that perforate the entire
bul k material dixtaeituradseafioldsettion.(Fiskkwidth mEdhembn provi des a macr opor ous
pol ymer scaffold co i Macd, res
have a dianeter in %@rﬁaﬁgeﬂgﬁi W@Bgﬁgﬂ%a H&Eﬁfa?&&@r?%h%%é%i sons cg@g’?seen i b
trabecul ar boneultlied scaffelt sbetpy. (Field hidtpad §.6em)scaf fol ds (al so referred to

as foam structures)  disc ed herein is b sed on_ th f tr one.

Tr abecul aP bone hasﬂ%’é%@ﬁ%s‘ia&nﬁ'@ Sleqt, dT"ic{:ozglr?Rp ?‘Ihaegrh%ﬁnaﬂﬁc?#\%y@bte in”
bone ( as deSCFr?élﬁHraEMuR@@h@fﬁl Ld&@eat?ﬂvﬁhrﬁarﬁé’és}lfgsﬁﬁnmwmm ;The speci fIdC open
pore geonetry of trabecul ar bone favora af f ect or

resorption, and is %wéfee?%ﬁ*@%?ca@awa.%%c?é’ﬁ'awm ?rﬂprﬂ@c%&?é&% of
bone tissue enghdiRBranBas séé?ﬁﬂ&ﬁeatbb@wtﬁ@ﬂr@lbﬂfan?mgl|ld€|aé frdARd.6aktslofsamnbone
ti ssue engi neering should also allow fast bone fornmation and resorptl on.

The norphol ogy of bbigere 186k s seRaningeieHONINISrararRtt Py aft RBR175(%9 creat e
the new pgl ynmery, HRs&dran e of

t he trabegul ae o g%?\lgb%%%{gﬁﬁﬂrgé\@?r@ﬁatomg g{n lﬁsng:ﬁgnﬁﬂi gh%g;tg'tnﬁ{s f ound
and) to a | esser exFigurg 16 isthecangingafieation misragsaph oL GATHI28 ImBriediaERC
Critical Revie I ), 179222) 1984} descri bed
t he trabecul ae ?kﬂgﬁte%ggwﬁé%ﬁg%%%gﬁ e?n%?’g'ﬁht errupted wails and
struts". The voi ds Figurs1é@iswessanhing dlecﬂ:tmecmﬂcmrapfeofd%ﬂ@@a&zﬁannemmamces".
The directions of e tra ul ae are irre ul. ar V&g | obal

organi zati on of°® ?W%JQ‘PF% Wﬁh @@8%"!'}%1‘9 % n%?'[’@g 9i s‘?[ﬂ and fol | ows
the 25 fasces acti ngigare wreuslaos”cenmﬁgemtmhmerdgrmmm 76R5 ontermedisen
direction are ani sotropic whereas areas where ecul are di sposed
random y are i $68WQJdiceeated with-pajticlgs H3NgIRgN; %555?! (supra) as well
as Martin (supra) degerd b@@'.stat@cmrr@%:éwdﬁfmIoP@ra;stabﬁ@m%mr%nenmehe
femora in great detarl. Table 1.1 indicates 14 May 2002 different

porosi ties and scaffold craated withiparticles lassithani085 MMi t ehouse and Dyson for all
areas of the fenora r panen) i

t rabecui ae wi dt h. SFEPE'?E%%%M 0S| f’m@ %Jﬁ”ﬁﬁ%@y ?dhr abeg/?zg&\?\néd%hﬁqm

() Medi ab71. 5 scaffol® @rezted with mclas earmlirmn(;me fere §.9430t0.8 mm; and

0. 053l ntertrochantegi c_argche L2 ~ r4 :
Intertrochantric ar }9859851&5&5 %Q%W%éeép?ﬁ[@%ﬂgrgﬁgé?“lléragcjﬁgjnst gé%%m%e t
1.00.31 t 0. 02fscaffdlé cedatedwitly partitles raxigirguinsizelfoone Olthe 2@ emm. nvesti gated for
trabecul ar width, porosity) anisotropy, and general patterns like
connectivity and star 15 volune. Light and scanning el ectron m crographs
publ i shed on trabecul ar bopeTANEI-BESCRIPTICNIOFTEHE INVENTION del i neated by
trabecul ae (i.e. pores) range fromone to several mlljneters in size and
are inteR8onnect ed WouFe hisi adiagramynatis rePESsERiRIPD Rf a gorion &f gpolymar scateldr .
When the use o B\K}ﬁ ehBERH RPN oD VAR S4B othé' Y Mabpopiigsent 20 -
invention is for )9S|o I ogl a appl1cations, the polyner scaffold is
preferably pr epraewdnhecilnnaﬁ}e twiognacrpperes [age plspyeeBRECtdthto the skrounding

"bi oconpati bl e" ch
are mot toxic (EATE Bt RO ShRisaDe R e e B S BORUARI TRl

of suitabl e polapdseserahsthedermolydd indbé degcription p{ tmmwmr@oamlgmdmp
(PLGA) of varying ratios, polystyrene, 25 poly(glycolide)) poly(acryiate)s,.
pol y(net hyl nethacrylate), poly(hydroxyethyl nethacrylate), polyvinyl

al cohol ), poly(carbonate)) pol yethyl ene-co$vinyl acetate), poly(anhydride),
pol y(et hyl ene), poly(propyl ene), poiy(hydroxybutyrate),

pol y(hydroxyval erate), poly(urethane)s, poly(ether urethane), polyester
uret hane)) poly(arylate), poly(imde), poly(anhydride-co-im de},

pol y(am noaci ds)



14 May 2002 and pol y(phosphazene). Bi odegradabl e, aliphatic polyesters such
as polyiactic acid, and polyners derived therefrom represent a

particul arly useful class of polynmers in applications of theqp 2
scaffolds, which relate to cell transplantation due to the fact that they
have al ready been approved for human s clinical use. In this regard, a

preferred pol yngr s scaffold is PLGA particularly blends

conpri si ng mrre?ctcﬂ'fgﬁ'{%@éf%ﬁrleﬁfrﬁﬂmfeé‘h?? aée)déflﬁ‘éﬂ h%gqui% 85: 15 and PLGA

75|: 25. Sui t abl eScmffpld: dgwtemesigrwd asraecmwmmtf?mgéeggmeméﬁ ?r\/r%TaYclacWi th

pol ymer conposition and struycture. Fo anpl e i 0 radabl e pol yner
scaffolds are @pgﬁﬁtlggﬁ.eﬁy%ge\(ﬁeehqs,prg{e(%g\f7pp L\?i’??’Bﬁg'BBY f-be FeARiZEdBY or i n
vivo cel | - transelisinhaur epbcifiEitaséBheé setoldTRas &POYEN-bERMEphBldRPOr Ls or
scaffolds to allow cell growh to occur in vitro prior to inplantation in

vi vo. TheBscaf MPAKICPORS Ridsvithin the oglviner seaffqld.delipated bywmolymertwalei Floe
pre- seeded wi tnddtbbdies hybicaf RaiDliafiididr SRRudal 6.5 ol 3% kgut pri ot cel

seedi ng), bi odegradabl e i)ol ymer matrices in accordance with the ~5 present
i nvention are pare walls:polwneisueigithatsielingate masvaneres. Wherethediotyemesi stinis
tissue and nmay j SStrddi r ; | i i bon

cartil age, para on?@F&Hp@sEﬂ@%é%&'F?ﬁ&s' gér}tsg{' l"?{‘?e'gé"b'ﬁess?“gﬁ%s%‘iaﬁﬁ“r“ ans,
such as |iver dionpeacisether iptheesame bungie, fthe atructuteenfdloe poieswalkis dbfihddea®r esent

pol yrner af f olud i e .Of cr s gt |east 50% of which
have a d?grret ergvlde? Ianrlt"n%th Eéﬁfea%@s%rg '%.’tg’ odge‘g{fﬂF‘i‘a"é’“F’ fé‘draéﬁ tative
of dt hat foun ]gl isapalmatedfmmnacrr athechiy mbsﬂb,(macrfoBbmhle ﬁr&bicﬁnnédli@nﬂ&ﬁé %FHh w8l have
a dianeter of at ast 1.0 , and nos refer , the macropores have a
di amet er bet meé%degﬁ'(?atasf’tﬂ’t%a Bgé?@'ehﬁﬁpa'\drﬁ?%‘g@f%/??fﬁ wall strusturescexdilit ous
structure, thenaaeddres dhes sédtpegharacterized 25 by a high level of

i nt er connect i vih&%owm ch enhances both penetration of the scaffold by cells
and nutrient fMGOPRIOEYIS BteraonBedinBs (Al=o called pisionetasi g meickporaus| east 0. 35
M provi ge an pasisedAls); VEIRY FSRBF HmdiBr bbYe wlsYERdh St fiféﬁenbw&ch s

i mportant to encourage’tissue growth throughout the sca £0 1. €.

t hr eedi mensi on&PlyIes i aepgrated fiom each ather py 2lxpgatedepanalieipooe stuciures called

del i neat ed by : t ipbit a lamellar
Struct ar o, Tot SOR SRSk Ufihess otk 1Bl filn B8 AP MBAo s et ko, )
mm and pr ef er hslgveral igteseoneectivitpof thesaeff@d8 nm  The degree of

i nt erconnect i vj i e r lls is dependen upon ot her factors, of

the processi ng%’f’r‘fg@‘[&d?gg@%ﬁg%ﬂﬂ?'i Pﬁsﬁgg%gﬁﬁ%ﬁ@&ﬁ?re%’[ﬁy§ 9 8%&hat each

nacroporz i s i wafld, awbetwiser pofiivisr ettutel Theyecatithitd mostly toxHetsercohnd@ivilBPr i Ng

macr opores vi a,both macr o-Em%nd m Cr Qpor qQus i Ebgr connections. Scaffolds with

different pore t f Ent-“Y0'"pr ocessi ng
thEPRCropoTgE I angm INAiarcRptupeR 2 PYIR aRel 20

t enper at ures UNaAGpdrEs:VdiddBLNP MARE bLR\GP IS PolyrASY, Or6sY-sdcBioh€aLBliing Process
are described in the present docunment. The porosity of the polynmer scaffold

is at |east atPyMeyeatesial, sgberiam apne wallstrds erspase wall frraelias stregturesat ed

usi ng Northern il i ] ! : evel of
greater than 58§§$Itl'%§ﬁ?%vei 8?1 ﬂ%éo%%{sﬁagpﬁmﬁgoﬁpéeiﬂégtﬁé?ag%’l FS;alotr%)(srﬁe'lscaffoI d
al so com i but buk matenad. These nagendres may uesuitfram depped ranssoliverd within the

assagenays) v S HemoREEh (i BRfCatehiE HelRdatafof e bIR RS PRERRY S

scaffol d and fNandparesalealistaisuted i the walls pf the sesaffiuldf Theybriiycontdbute g thst h. 1 n
this regard, t vel of por.osi i s preferabl reafer n aphout . 75%
Wi e the st OgRIPEredtne RS BE it marBhRE uAEh o G uan PR RO 5506

The features ohatenal. present scaffold make it particularly suitable for use
in tissue engi neering and nore notably, cell transplantation, because it

provi des a
7



bi oconpati bl e scaffold that cells can colonize in a three-di nensi onal

manner via the interconnected nacroporous network of the scaffold. This is
significant when 25 considering the transplantation of any celhg tjmtz yield
ti ssues, especially those requiring neoangi ogenesi s such as bone t| ssue. .
I\/breover) when used for cell transplantation) the scaffold is

bi odegr adabl e) t j I el I
growth may be slr{é??c?‘g‘%é%ﬂ% #/In%? OQ'{ Rge@é‘égwgﬁ?%ﬁeo t':h%erh ﬁo@&{g&ﬁ@&iﬁ

2002 It will beatherdéhelmm(toblyeatlbnseomprisemﬂelma¢r0p¢r9ualfﬁercmrtecum pr esent

pol ymer scaff ol rder ; I roperties
for use as a sc @? %89’5 IS%SD@‘ '11@?0 'ﬂ rc&ﬁggwgg%%\%&v%i éég‘IS‘I‘g )
effecting the stampbmsebatwmras tIsermcretbuﬂcona'eahllddfaed gbowt. h woul d al so be
suitable%o nDdifijﬁcﬂpres Bl ner. 5 scaffold Such nodi ':tions
function to enhance 'BPEERNLYIVE %%%B'ﬁgﬁeaﬁd"?ﬂewaasP?%W%i%ﬂﬁﬁ surface
nodi fi cations vddmprisingl ra8&Bpores|ant trfe oaREdtidohe. Mampmslhno@asananﬁ&t@ntuﬂltﬁ@
pepti des, car bohégra‘t es and I sacchari des, or treat ment.

b
Addi ti onal 1y, efiynegtas dasesh s Gapesiir bopp- e

delivery of acthy h%??%ﬂi@?olﬁ%ﬁ‘scﬁﬁolﬂé%l% Peferréd @dYohACdtRicfure§t ¢, t hat
enhance cel lul ar function resent polymer scaffold can be made using a

novel process vﬁﬁ%@ﬁeém'ﬂé%bﬁdtﬂ?%@?w raheseiar RNSret hodol ogy with phase
| nversi ongmet hodol ngabécma%oh@hgg Bher® bffvn e ﬁ%Ia%Iué‘éIl mf& BB achfe bl d 1 s
ol e ter m

prepared as a liquid p use erein) mer 1n a l1quid
medi um i ncl udedn hone (]asﬂes@bpdlbyrﬁqdanffv'ﬁdnmeb@ P8+36 1P B’@I spepific topen

nothar P72 PSEbbffleff of fabdEElariOfie PoRIdy Eiiddie bofll ARGl SHiTLXSRSH "

anot her 1iquid, pol'ymer-so Ion orne
polymer in a scdndemthen'efofe)ofmomsmmbmmtesre‘stun ltmcon@ewgt oﬁbbneamsugengxhaérlmg.

useful to prepar mer |U.t| on ¢ e used. for r pose,

i ncl udi ng di met" ‘fﬁegu S éfa' Sr‘”réﬁﬂ? A ROneisgHe 889'"%?&93?‘85@@5%,

chl orof orgy 20 amﬁtf@a%onbmmmn a%dbaﬁ@rpﬁm Jh@&ﬁ@gﬁolbgy bBsdeqfab@Bulae has
chloroform n-h n hexane and n-pent one of skill in the art

ept ane,
will appreciatédh g"ﬁf?r'ie é?’f"@f’@)‘é@cm%?'\i@ﬁf%at%m?rﬂ%pmg sGalfoldstrustusgs v used to
prepare the soldidddBd$Rréls Not to adversely affect cellular growth. The
concentration of the polynmer in the polyner solution will vary with the

characteristics of Theamhiteattre oklag t'tabeﬁlﬁkéof benesdepends gn thssanatemicisitai d
| th t
polymer is ?%rf%g%"leﬁéle%él‘@r{& l?omﬂﬁi[}%dsog cg? l&%e%«é‘rﬁpwﬂ{épﬁeeoﬁhéga%éﬁtConnec hon

with the parti rocess ticle avin
di anet er 28or r espondMagtirt BBt(ImeCﬂ@sCDntsd/ ﬂe\ams erBlomedhvel Enginespipget0(Bn 1’r79e

BT ool Olda2i e Ykl USRS Yoo LBt B,
have a di anet ewalis agd strtus!’. THeavoids foundbatweemtbe tmb&@a@bﬁallemmml cles
have a di anmet erspgées eI‘he |rec%ons op t?'ne%ra%emae are irregular; however, a giobal
organization of the trabecular geometry is sometimes visible and follows the
25 forces acting on the bone. Areas where trabeculae follow a given direction are
anisotropic whereas areas where trabeculae are disposed randomly are isotropic
(cf. Figure 2).
Whitehouse and Dyson (supra) as well as Martin (supra) described the

porosity of the trabeculae bone in the femora in great detail. Table 1.1 indicates



Exanpl es of suitable particles for adm xture with the polynmer include
pol ysacchari des (such as glucose)) organic and inorganic salts, proteins
and 5 l'ipids of an appropriate size which can be dissolved ianMayszOiogent

ot her than a solvent for the polyner (i.e.
amount of particles adm xed with the polyner solution wll

t he char act eri Sg4
the particles %ft/egé%t

a pol yner

Berdfost 1o clieF it B Firk Iy MR

non-sol vent). The

yiner

again vary with

8GRl BPASh sCe

part.i cul at e polajimeeasofithefemotahe pol yner is subjected to a phase inversion

step in which it
achi eved by subnerging the particul ate pol yner

non-sol vent, a sol vEablei N1:Ferfibrdl baibeelikibone porosity add-trabesulad wigihy mer
non- sol vent i nglude—for-exanple. vwater) alcoholr—l.4 digxane—and anilj

15 In order to
pol ymer m xtur
Preferably the
for exanple, f
used and the p
surtaces. Wen
m xture i s coo
freezing tenpe
| ess t hafm0OC c

obt ai nAgasol i d pol \

PBfositg s valdibanie) a

is converted froma liquid to a solid. This step is
m xture in a pol yner

Darabeube Width aRey
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”

Tarm - beptaced—11m—

Megiald pol yner can

rotd—durTng-the

be sThBit$9ed arou

1das¢€ I TIV

hd t A23:0.06Q ul at es

ne.
he

'by,

' th
ggélﬁng t he pol yner

Lnversian. nroc
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p
hgg

Lmultankou

TE@{?S%%%% e
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is
er

Blertrobivaritelio/ siehes O

vent gg g B0, for

eXanphe.: 6.0 pol yme
to— 2 C—whteh——5-

- Y -
cu U a UThpctr at ul

- ldenias off DVSO.  Coo
h intertroohdrdricigrsbies A

e
F TCSS5 Uliall Ul cyua

er t8pearhbBures, s

consequence of usin

T T S
lch &18 £M08Aat ur eg
g | ow tenperatures

;

it he
of

(for

~

exanpl e, -20C pf, -80C) _durrng thi § stage.of, Lhe procESS I5.1Ne supbsequant
formati on of a hﬁ?%ﬁar‘)gl?ﬁt? ld 28 wi tg(?g irﬂbf erent [ nh&rpi@pi Exam)l e

4), like a t hi cker skin structure) which may be renoved prior to use as a

ffold f h - g ' b [ (N
2ddi tion 1o cool | ng orRa IR aRebuH B basEReRTNERIORS 1 (ARERAT L ot o

m xture may bewi;ﬁb,ct’)cfbsity, ariaotpdpy, gedl baterahpqtienty likesiongectivitg asd star 13 14

May 2002, Fol | owi,ng _conversion: of the pol r.omxtufe fromligui o solid
phase, t#’; pol i/’?rlgﬁml gngéﬁg?%gqaéwlr{goe%gf%%ﬁfo&r@aqsgggﬁﬂ{efoq {ﬁat%r?i”%rb?% of
the process) theiqatd thaethe MatroWepacst dalineatpdbyitatbadliee @@l pores) rang€ from

sol vent which functions to di §sol,ve, t he gar,t'tegl es dj spe seoi thro,ugl?out t he
pol yer but do88 fRotevEradBIinEleRdn paf e Are Plstrannealsi halesrapanditem at o
sol vents wi | 1) aphrokO8!B36 ond epEmdtepn the nature of the particles and the
pol ymer. Exanples of appropriate particulate solvents include water,

al cohol ) 1-4 di oxan?hgndheHse phibe trahecylagpradaced ef Rtyrerfopaing tha prasent
sol vent n be; i 1 T M0z 2t O !

scaf f ol dg@?Home{?\graﬁﬁt g\fet)lieghn‘gg'roﬁg% éaﬁéi{cﬁﬁ%neshg’réammﬁ%g?’%ﬁérﬁgayr eezi ng
poi nt of 10 t hereparad feernany binsowpatibigmeiymes. dhaderm ‘igeompagiblet asriés ugedr e of

h | ’ 5 f ] Vi
0P B Al BB YAt U Bk S5 =0

particul at e soblmentellse¢omelonizertberebn Hetamepes afsuitable Poiymbrd 5Chide appl i ed when
th ticul at | yent i t d_ t | is. PLGA 75: 25 Th I
®subrer ged | FOTRREBA APBUFaIE <SR verlie) BT vaTine 8is PRy Fopr i ar e

i s subrerged i
toI al | owzsco][r]PI Fﬂﬂg«éﬁéc&ﬁdﬁ)ﬂ?(bl@(@cmaté)_bppmrte'tw lemtlcﬁw)gﬁteﬁmmﬂiymbw_t trd1e
ol ynmer scaffo nera .a perjod of at |east oyrs is required to
gbt ;i n conpl et @eﬁ!ﬁqﬁ"ﬁﬁ)'zﬁ’Pg)(‘ﬂ?ﬂg&h?ﬁ'cﬂ?'ﬁ(?ﬁrpﬂ%a%ﬂoP9W@?h3§%'};ﬁ'f‘?5}"8¥'qvx{ni le a
peri od of jat | 8astitef hohuitydiisepbaltfihe)! PoIfbRyichs), BEkkyBiiatd)on!

di ssolution of the parti
poly(hydroxyvalerate), poly(urethane)s, poly(ether urethane), poly(ester

urethane), poly(arylate), poly(imide), poly(anhydride-co-imide), poly(aminoacids)

9



20 desirable to i Mmerse the polynmer in fresh solvent at frequent intervals

during the dissolution period, for exanple at approximtely 8-9 hour

intervals or by the use of a circulating solvent bath. The p QﬁﬁJ SI on
a

and particul ate-leaching processes may occur in one step wth a'so

that is .sinmultaneously, a polyner: non-solvent and a particul ate 25

| t. | bl till d., . The
ol ymer  scaf f of 410 BODEnRERH2APE, PlobEbisdRplet BiepuC ERVE s Rhn S o
appropriate paramaujmt ;ﬁolﬁhé&deﬂv«?mmerﬁifdmdemdem%pj]ﬁCtﬁaNWﬁefmmur@édrI gd
rior to use or disinfected in alg % et hano rinsed an
(F:)ondi ti oned i n RAYPERALAY WP'F%?“B é“’é&ﬂg WP('I)C feaegiceiter scaffol d

i's not requi redtréﬁplérﬂat.orﬂdhel\{ayhef&?thhmmsiIhat:@awéa)y Been dppe@edfaphumat or ed

dry in a dessi cat or to prevent npisture retentigon and possi bl e d%g'riadatl on

of “the poPymer.ClinfRal peRdB s [R0gEk Pralelar PRYERISPRHSE as sealfald s Pi
scaffol d havi ngo4Hb@uay s:@aa@earﬁ;sﬁsﬁ«g hSre BBA 50% my(btqatwe) sb{ér?ééjPLéApo' ymer

scaffold having an 5 i'nterconnect macr opor ous net wor k
significant advéfifageddiLGméSgbesent two- stage process is that |t provi des

anpl i fied means for ﬁ%%feoa#hggloh@?orqﬁé Pow Qﬂi’ca‘ﬂ%ldwﬁn \r/{rgwnt'h g%&n‘?é?' yher

scaffold. I n other wor oCess cul ate
| eachi ng and ptm&posntmmd)styucmrevﬁur@hampleebiodegratheImwmmlsogfyoldﬂ atehe

ol ymer af f ol I cr t n..be
gl tgr ed d E)I’I ng %"&aﬁ% f°ﬁggf'g§' ??WEFIY;}EY@B%@@&%&'% %ﬂ@opfﬁﬁé@ %%ﬂ\}:,éﬁét"a tag?'age of
thfa process angn? mtagtceeh rrma,dsff éwethan'rascsup@bassrseafmmt tdlﬂbvlwcblll'g:jdv:‘th tand, to
t )
't er conneot | orXRUF IRVITBASHA TEPIRBEGEN T A% A TEAT S SR AR Pageed Bréctve of
the phase invergiva, withBut iy p}é-sbe@ed)mﬁeeusnwebah@@pmoh@(vatﬁ&r\mﬁmout
altering a nunber of variables including tenperature,

non- sol vent andPfisBiceiierpedinglc bingegradahie pq’txrr@rm%ﬂqeiswaacg%%nca V&P'MS‘Pphol ogy
can be cogtrol 'ﬁ'r@g ﬁrlﬁ\fé?ﬁlaﬁla)’e %art?&nlé e?tﬂ'?ér tﬂPbRﬂ\ﬂh BMré&aRTEYshal @Leo‘c

human trabecul ar bone. Tn another aspect of present 1 nvention, met hod
for culturing cand mayde used dethgigrewibiof sganneptivedissues, lmecmnse@arulage; ZI ng the

pol yrer scaf Tol Shrdfsial iSfle 2 AV &) deryd1Es0h'la SMLESBEROSELEL: g gPOr OUs

structure of t resen nmer sca 'S espeC|a y Sul or tissue
engi neeri ng) arinj'easttttslsuq bone ti ssue engineeri ng, an intriguing alternative

to currently available b repaiy ther LS his re d, ..bone
mar r ow- deri ved cel | é@'@ﬁ? t&ﬁgrlaﬁ " ?/ﬂ“ﬁ? PgégP?% lgnﬁr scgﬁa{dd? Hbedpfﬁ§?’ﬁ’§
E:onvgnt [ cmgl dwedfhﬁda-opmg@hleaémc?e b’f whigh Wwavé a cﬁdrmaer withif kind ta)nlge ofB.5tee art
as descri'bed ip_Mani at opoui os ef a e Res 254) 317-330,
1938 Cel I s arho SWBdRERTBOERET ARG AAPatEurd B S Berag ebgrUar Rhfder
sui tabl e gr owt hpreedidblyl fh@ﬁnacTJS!fbr@élhé\}é@draﬁ’fe@erfcﬂ‘ét Wab1.0®sthaamPiospri ate to
establish the growth thereof. As set out above, cells of various types can
be grown thr Ougn@tﬁrat@lméhgmacropores have a diameter between about 1.0 mm and 3.5 mm.
In addition to its macroporous structure, the scaffold is also characterized
25 by a high level of interconnectivity which enhances both penetration of the
scaffold by cells and nutrient flow to cells. Macroporous interconnections of at
least 0.35 mm provide an “open cell” environment in the polymer scaffold, which
is important to encourage tissue growth throughout the scaffold, i.e. three-

dimensional tissue growth.
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14 May 2002 present polynmer scaffold. However, the polyner scaffold of the
present invention is particularly suited for the growth of osteogenic
cells, especially cells that el aborate bone matrix. For tisguansnzio2eeri ng,
the cells nmay be of any origin. The cells are advantageously of human
origin. The present nmethod of growng cells in a three dinensional polyner

scaffold according i 10 ,s&ﬁg%dq &qg% i r
exanpl e) to penet ra@eirﬁ%r%\@%te @@F%%ﬁ to ela %t e %gg\atﬁ%)}r?&qjgguri ng
the in vitro strwgexhibit allameltar agictaraliTotal iticktriesa of thetpioee walisistnorgeeatér t he

pol ymer scaff ol riicul arl t St th

depth of the a\}e?rgggoﬁg)cé Wbﬁé‘dﬁﬁé?ab&ﬁg%%ﬁ%h%ﬁa?l}&g?hse%%tT%Sgﬁilr'ﬁ?, gfas a
resul t, bone o imetconrectivitpiw thkipore walls isaiepehdert asponyotinerdactorsc of the

ul trasoni € electric field or electronic neans. Enbodinents of the present

i nventi on®are PERESPRAICREEES-0| | owi ng speci fic exanpl es which are

exenpl ary only and AGuptiSing@and @nekpecbsd Asultiisthbi &gth iaopdre islin-floRr epar ati on
of a PLGA 75:25 Pol yner, Scaffold t5 A PL 72: 25@@0] émer scaffaold in

accor dance wit 180 W%@EM“W%VEW‘F%'W&?%P PEIpRRPTNG MAFrNARS vig both

(obt ai ned frompRidréd SHH AR SEIrYEEintdr8rinectigd. N9 an i nherent viscosity of
0.87 dLIg. One m of 0.1 glm of PLGA 75:25 in DVM5O was m xed with 2 g of
gl ucose crystal s (p&faifddewih differem giorgwell stiveurgs ehtainedatdifferet an al uni num

of the P& 75 AL BRI b abinss Bsif i ST noge Inbtalon peclle 1egPRG 51 .

bl ocks wer e t henodessarsdesdribedin theepresgrddosimenty of ddHZO at 0C, which is a
non-sol vent for the . i e i ferred to
To0" somert~ The br SRR EoRElker e e g Pl Suet o SRR ot AR e
ddHzO was changeaffalggpobrainga] ad gstitvatey uSingdNorther Belipebiraagednalysd $aftvire Wwer e
then 25 renoved fromth ter, vacuumgdri f 2 t 0.01 and
stored at 4C i @ng p&%jgf@iya%'eﬁﬂdéﬂrﬁﬁr ﬁ?%ﬂf/‘l'%ﬁleé’.ep ‘gadﬂ?%tﬁ'@é%ﬁgf'?@d

usi ng t hgsaboveoiitriseafsld aRddohtrbfes1BItRe tdph dell! AaturanBeérgée tesulting in
macroporous structure of 2 mmthick polynmer scaffold sections was observed

at | ow magni fi @Ei”?f@ﬁ”'(quG§Mﬂj’"dna?r9E@E?Ei(8iNinﬁi’E?&%chgp%'ﬁ@ﬁm in 16

14 May 2002 5 HQsdaneaRySpwiiitidaefnedAhe Mighl infirbdritetiet inatlirk Bftralpresent

i nterconnected nacropores ranging in size fromabout 0.8 - 1.5 nm was
observed t hr ougp@fald and furthiey eBhanpesfitsdititity asrseatiolddpoeaiiarewthi b thisgegand pt i ¢

i chopor as.  Tha aiel pRRITY e ter ol Bt AR 2R A SR B Cobeadi ng

medi um (B0| es pAsF8Red lexalbfpordsityiegdreaterahan ghat86%at - 20C. A serial set of

Canl )| Sect one. wEvS eatiEb e IRt EAPREAR MR BRD s T e

di ssecting m crisqueoge)iretding @admeste riotahly, e Bansplantsticn) bechuseat frovidessgct i on

that identifies, the porous onents of the scaffold, the macropores) the
macr opor ous in chmg@@?is%fgﬁ? §5@599%ﬂ/§3'°'§ﬁ%|"‘t?1@' 'fﬂ‘mﬁpg%s"_‘a'g)“er vi

i nt erconnect i offe inRASSHHBEIRARAcropordas YiBRVork bf thefschffld.i Tiis isasigiificant @higs ) was
observed on the outer surface of the Pol yner scaffold. The |mag{es wer e

converted®to . FPRsiderinadbe fapspipntptional 3 eelipdatyIgk issHetaspEciRvEnRER t her n
Ecl i pse i mage ?ébﬂir)fﬁ @ﬁ%@éfgﬁ?ﬁé‘sis it asshorl fssBAMGFEIVRR whefRIded WeretiSed t o

neasure the pore wa area, perineter, dianeter etc.) for each
scanned sect i otrangiiantatien, sherecatioidis bieslpgranabis wadegiadation &f whichreanbgénber of

bl “uni 15 1o o EASEEY HE 031 Sy PR SRERMERENNA FUCoRTER et T O

ment i oned magnséaffodd.i on of the scanned inages to determ ne the pixel/mm
rati o. Macropore size was determ ned by manually drawing a fine with a
software tool on the digitized i mage of the polyner scaffold section from
one pore wall to the adjacent pore wall. The characteristics of the
resulting polynmer scaffold as determ ned using the Northern Eclipse inage
anal ysis software were as follows: Macropore Size



Macr oporous i nterconnections Pore wall thickness M cropores Porosity
1.79+1-0.42 mm :r0.37+/-0.15 mm 0. 29+1-0. 13 mm 0. 10+/-0. 05 mm 86. 7+/ - 2. 43%
14 May 2002 The porosity of the polymer matrices was al so es$4 Mayt2882by
mercury porosinmetry (Quantachrone Autoscan 60). A solid penetronmeter with 5
cnB cell stemvolume was used for sanples in the range of 0.015 to 0.020 g.

The val ues of void Mwlnm@uﬂt%rﬁo(s@bfmo@b%@si&.n ﬁ{%&%@ttﬁsfmerpvegemwwne

vol ume. The porosH%/ 5 was cal cul fromt nercury I Nt rusi on voﬁnuma to
be 89.6% The [S6rifald mpydstmenifiastiniesderdo enbanas:furibenitsypperties fontgeaanal ysi s

softvare (= 57%ga RHRSh B VR RNt ay dRkud 1s HORAS A o

by mercury porosrne |ve € nercu 1S U0t
accurate when ana;bq:tfongelpdﬂr;gnwﬂhmﬂd albdbe\suﬁablpdn modifatietreseng pelytrer t han

~ 75 um JThe p e Sis _usin

scanni ng gl ect %S%W c@%@&ﬂé&(a%@ ceﬁﬁ?ﬁgdg%@%@f %S&Eﬂddﬁ@ﬁd%t a
thicknﬁss 012 al@qmmrrmw,ehryac% modifdedioae with edHayeal ealcmm;lshcgphateundler argon

at nosphere (Pol aron Instru Scanni.ng el ectron

i cr ogr aphs mePéot?%S!&‘r?”BrPfa el—'ﬂst Bﬁ‘?mtldeﬁ‘s‘i%k%ﬂw%r dob gd Wyéﬁ@@ﬁﬁqeg% PBRY vol t age.
The di aneter Ofacidhﬁsélirem%r@mﬁcﬁﬁbnw 1§ poliymBE Scafldgal Bervoll dieséQeiraphs
to be about 1 to t hough a cl ear separation between each macropore

was not al ways foBE%F—‘@'é’&N ‘Pfla\?g‘t’? molecylep nechasyPreising. praveh &astrreatedhat ruct ure

of thesepol ymaphssaf deflidSfundtish, M croporous nature of the pore walls, as
observed under the optical mcroscope, was confirmed by SEM as shown I n

Figure 3C. 20 The pbhemiesertnolvimarscaiald farhamass using asoeel prasesshishs. A
pol ymer ScaffOICmef?\eE @gn&enra{el cmniwetﬂbﬁsrogyﬂr% @gqhmm nﬁ%@ﬂl\oﬂofaﬁ{f,gm of

1.5 cmwas prepared este usihg an ani cal tester
mechani cal expeniinitialstepniheesgirotdbpotgdenseaiioldis ardnaredas adhyidipalymer. Aest i ng

hi k
"oad col | ( SencaedRERln i S86misk AEFIANG Modflch Fieksd (R bdiiher  £.1
The defl egt i onfarmedty regitingad polymes tonlispuiclfoed biyyheatilirCtd ltsnmaltlhg puint,isithere

the Toad col I BRESCRECTYSH LT "°H%§‘Sﬁ5§e%”ﬁa?ﬁqubge“?§§lvr§g st apBeRy O

st orage oscill uﬁx:r)gp)(5}'1e(mmbuh@L in Msdﬁfenﬂté?&:)m a'ﬁm@nmrgoajtlsnwm)&ecme‘swgemmany into

a 16-channel, %ge u‘ to p?&?arg po?ymer%o u?on (::é‘n Qé used for]thls pu¥pose including
dimethylisulfoxide (DMSO), methylene chloride, ethyl acetate, chloroform,

20 acetone, benzene, 2-butanone, carbon tetrachloride, chioroform, n-heptane, n-
hexane and n-pentane. As one of skill in the art will appreciate, non-cytotoxic
solvents such as DMSO are preferably used to prepare the solution so as not to
adversely affect cellular growth. The concentration of the polymer in the polymer
solution will vary with the characteristics of the polymer used to make the scaffold.

25 The liquid polymer is then admixed with particles of an appropriate size in
connection with the particulate leaching phase of the process. Particles having a
diameter corresponding to the desired diameter of the macropores in the polymer

scaffold are suitable, specifically particles having a diameter in the range of 0.5-
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converter in an accelerated Apple Ile conputer. The rate of data
acquisition for these experinents was 430 pairs of data p0|1gf§!\ﬁ?#ﬁ?c§02second
Conpressi on of the polyner scaffold occurred at a rate of O

shown in Figure 4A, A plot of conpression strength vs. percent deformation
of the polyner scaffold showed two noduli. The Young's nodulus for the

Second el ast | &1 Ao RufeBly s paryitERate d Bedlersdghier vl fn 5"

Ef fect of Pol yamdmdstpesfertably, therpaticiéhavees disewiéraf hebreanct. 0 mad Ploemef. f ect  of

PLGA 75: 25 trat t f th | t |
Coalf ol d vas. SeBS HSUIRTIR e RRE AR S Hd HofPyhoRBb R | n Bl o 1.
Three di ffererpbnyeaéﬁreﬁaéewu@n%s@iu&b@oﬁg&n%ddnn&yﬁmc(salt%r@érﬁk and- 1 g/ m

and 0.2 glrﬂ) were used to nake polyner matrices while all other conditions
were mai hit ai néﬂ'déé’ﬁéf‘é‘ﬁﬁ’m&s‘a@&"&‘i"hlélﬂlcﬁﬂ bedigsplved in a galventgthertbamal yrer

scaf fol ds. preRBResk: 1P flimdry B bohbRAoRssdl, TheaRfourfopliiraisd r uct ure

was found on each regardl €ss of the Starting concentration of PLGA 75:25 in
DMSO. The rrecﬁ'ém'XQﬂW'ﬂ'rfbpmwnw sefution wilkagain vy dvith tb@P??féPfeﬁéthfQilﬂws wer e

assessed and %nyn{ér uH fdax’hﬁge 'ﬁhgégtgcgﬁb' gA significant decrease in

Young' s nodul us "was o serve nmer scaffold 20 prepared using the
PLGA i n DVSO of 0. OSogthd paMnlesaha\heann mb&lghlymkéd)Wdh\mmhqmiﬁmlymeHm th a

indor 1%t *niaTbe AP PR p REREIVBER o RleldntTicn BhaRveRRN

det ect ed bet wagsp ih nehidhhit eeoﬁ%wmrromeaf iR tdsa soNdeThib istiptis atisieascippe.
However, when ogmerved under the SEM the scaffolds 2s created with
0. 05g1ml PLGASHRAMBIgRS bR mepiquie RelyBepmiguie A Rolmeidlon-sofvent A aveit im rmore

i Cropor ous i MHRIHARB s@HeTg@w_&L%@ﬁmla SUER palymer Ran-sbhesEIneL&a 6 e dnidie 0. 2
ewer

g/m PLGA in DVBO ere m croporous porous i nterconnections were
seen (see Fi gWatergyicond, 1-4 dipxere apd@ilipRanple 3 - Effect of the Particles

on Polymgr Scaff ol g o$BéH6tdgfa€?n IQ%Il@BEIﬁ%r OufiR M pariCith HaBeSheuct ure of

both varying the anount and size of %ucose particles adn xed with the
PLGA pol yrer mwn@emxtmerm %placﬁd ipvsmold duriagithgpharsuinYersien stgpucose

particles (0.% poI yner
sol ution, nai nt al ni “‘%{‘fa ﬁﬁ@ con ?%ﬁgﬁgésoe%escr ﬂéﬁﬂwlégsn%l f
constant. Theerdhplet fresﬁzmgajhemdimenmtxwiatelsewl Tizgreby; afofrodld lsmsqdmlcbgy was
al so assessed us| n the fol I oOW_n Lev | y d sting

i eves. Wi (LR QR eksion oS4 bt PR ford 3y oyt LSS, ViR o2
cr YStalso (0I 5ﬂ1€1ﬂimyrﬁéély§:ﬂ\2§nt whmmse Cl?r&xahi)leamb ﬁc)lyrgéumo&ﬁgdugmﬁed'@a(o 8 a g
nm < crystal size < The resul tj ner scaffolds were opserved by
li ght nicr osc?ﬁSﬁ}pe'Wé?ﬂng; mai‘i‘g‘)rte'ﬁ‘é'""‘pt8l13?rr(g'r‘}3's’8'¥ tf'ﬁ?feﬁf'f‘ﬂ t?rﬂ%erﬁé"l“? Ptul at es,

it was seen t pMsd todidmbmparaiatssueh deaeibetdate of lelss han°C d@hHido bd he

pol ynmer solution was not fully imrersed in the {)artl cul ate bed. Thi s | ayer

of pol ymer soM$Rd-dhcanssarense 051“5@9 oy teraperatuses iTenexample. gty arr§0SC)
Structure. o BUA tuiddobr (8 Bes? BRUIGRRR (FHEASES £ BHBRLkattl 0

solution densities of particulates ) m ) npletely infiltrated

t he pol 3Arer smtmaucbﬁfere@t merphologe (¢f&Exampiad). Qt%mﬂmﬂ@r@@ﬁtsavﬁ@aﬁ avhich
distribution g RGLARILESridl th8U s UcarBRITEF ARAQGiInins SRR growth, as

described in Example 1. In addition to cooling, other methods of stabilizing the
polvmer-particulate mixturé may be used, for example gellation (increasing
viscosity).



The size of the macropores was directly proportional to the size of the

particles used, e.g. macropore size were ~ 0.33mm when particles < 0.35 nm
20 were used (cf..Figure 7A), and - 0.75mm when particles rangjyg, &EQ&O 54
to 0.8 mMm were used (cf. Figure 7B). Finally for particles bigger n-0.8
mm the observed macropores were ~ 1.4 mm (cf Figure 7C). Wien no particles

were nmxed to the pebjdifhg %ﬁ@réi@ﬁ Bith‘éppolﬁrﬁ@r Utk FroRBliul t678id Phass itié €
was a hol l ow cylinder conposed of a thick skin contalning mcropores, as

illustrated in my"ﬁf@ﬁ‘@l@ﬁted'tﬂ earywlﬁted%@mw I éy%msp@dthwomt%e
structure resu'rgb riig i sEQWB ﬁﬁ%&%}b&@ﬁl@% wn%?%.cgﬁﬁﬁ%h

Effect O The CeSSI ng errpera ures mer Sc tructure 30 The
ef fects of t hr glissalveftee particiemdispelsed, thrcmcoatmep@oﬁ)er@ut degssnaiissglve thd 4

St uctur o8 wer BonpicLeh ARG Rbdifuat CyfEHes wil bS8 Bthe o g

Tm X = -80C. Smtdrebﬂme(ﬁarmleednd\md'pcnylﬁen Exathples c:iladpmpﬁ‘amrpmﬂimute— oC

wer e skinless and sha 0 ructure. n _Fi qure The
MACr Opor es Si zégf‘j’g m‘ﬁ”%%(ﬂﬁ% eqjc&%d ‘é dixpge god| aﬁ&f‘%%ﬁ/{e %f"et‘g%ﬁé 2.

mm The pore w@bh&uldwgcgy@a%amb@rmefl?ﬁthbumnﬁmreefem theaesulting polymer

i nt erconnecti ons rovi di ng a genera re o structure

scaffol ds. The sgﬁfgfﬁﬁd dr'%e\@gtfaﬁg%ap?raw%m%enef%@%mtwegb&‘eo'ﬁa%%"}samat ki n
structurgg For tﬁerrpamcmat%%mehﬁaﬁ@ﬂ{eo@awﬁamm@nﬁmtwofm@ﬁwes %aftﬁat' ds

obtai ned at higher Tmx and their sizes were estinmated
The pore wal | s fepeymanssafiald degs notmasler breorsHEsYS wnﬁ@@he@ﬁﬁ@thﬂthmgow

Tor e I o1 OPOT OuSivbA BREAPE! IR eEmPONpErRRkie ddveifikrRbRgyog: (hat the

nacropore si ze decrea with | ower ferences 1 n nacropore
si zes were par betvdearabput Bifbandiab’ Gistapplied when e partiewlatgtsotveat iswatet andll C

and Tm X = -20 fferences in macropore size were observed
bet ween scaffol% s%ﬁ@gggﬂdgg%gngmx = -20C and Tmx = -80C. Wiite the
macr opor @ssi zes di nirhe pblqdmewistsiubﬁimgfed irethetpantivutate solbentiier aroamowatl Jf tiees o
changed as described abov ces, i.n_Tplx may haye aff ed the rate
of pol ymer pre@PRiOPHREIA aﬁgw&omgtgg&sglutlpﬂg%%gﬁﬁ@Sgﬁ ‘? g/a
structure. D ftgy w¥m$r&aﬁoldeeen6€é3§, a peFod BHat06ast e MU @@ecﬁiulédlt@dbtamt h a
constant 20 T,' -20C. fn this case, the mai i fference between afl
scaffol ds was Ch®pleteparicylale dissaitignaadhe paiymer ?Q%% ile aperiod @F phieagter

and nore conpl gy tﬁgfsqs\b?éfbﬁed‘hﬁb?d”é'tB'eQB@dtteTéfﬂciéﬁ‘t‘dr&‘oﬂuti%h%ﬂr%fbérml@s and
conpact pore walls, conparable to polyner struts delineating each

nmacr opor €0 Fi gdpsisabiBtainineres Sironelymer i ffe%'rsalﬁenﬁa?fmeabmt@gvﬁ dyfig the
scaffold str !JCPlé%Gtﬁué’ﬁ péridl, %r’ex%N@IeDQt Moﬂ%télf@%dr‘ﬁé%als%’? _?W?é use

structural differences were seen t ween scaffol ds created ~0~~wWwe~, =
0C and T~~, s~, ebacirculairg saientbathi. f f er ences were seen between scaffol ds

I L Y T L
SL r uL -l1ike ]|coor ﬁtep@Mth mlmtm:ss|mmfansogsly e pdlymerhon-solvénidmd 2 paRiciiate
thic ness (6] t he

re wal | s of d te ifferent T~~~, ~e~~ was
esti mat e by SERIVET: Ions.ex@niple,da Eftd Stiled %%F%&ﬁg‘fz?g WaEHE%st i mat ed at
0.29 mm) whereas atTHe oi§@isracatiord %QQmoK/B@fr%hitﬁe@farﬂch%t@@él@eﬂ&@éllo%r}l@é
0.10 mm and no significant differences coul d be peasured between T~0"~went

20C and 40C. appropHateparfcsiaie disselutian PaIeHand gan Be ARy vaskadried nEier o

menti oned abovgsdBF Gisinfected in alcohol (such as 70% ethanol), rinsed and conditioned in

culture medium for subsequent use. If the polymer scaffold is not required for
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sectioned, and pore size and pore wall thickness were measured. Their

porosity was al so estinmated using the Northern Eclipse img al ysiks
software. The followi ng results were obtained: 10 15 20 Teng‘%?'{étytﬁ@b

Pol ymer sol ution CTenperature of non- solvent C)Pore size t std dev.

(mm Pore wall thic ess st.d dev. Porosit 1.71 .

£ 0. 220. 28f 0. 16§B’"25? Sysert '%é?ﬂ'aﬁlgs ﬁ"d;qdhégﬁ%i/%af %1”6‘1“‘ moisture

t 0. 430. 16t 0. 05Pekehiich St PEKRIbIF BegradalorSittRe b3FMert 2. 43RT2. 210. 430. 10t 0. 0585
.7t 0. 97401. 96t 0. 410, 12t 0. 0493. 1 t 2. 451102. 020. 540. 11

t 0. 0593. 4t 2. 07RT2. 41h@Pessgnt argeess ayantageeugy yiglds B pelymer scaffold haying,o. 08

[95. 6t1. 7 ExanphRue chgl%éfécri%ﬁ@s 'Xﬁg'u{ béﬁibulﬁf‘ yfa(ldsPé’bMWer %ﬁf&l@hgvnﬂyﬁnom ai ned

scaffol ds as describ were further surface 25, nodified by
aci d/ baseStr eam#erﬁpnnesmd a@@wmecptsgmeﬁweh Appthetsipaifi gaﬁt;adaelptnae ef theposi ti on.

The procedures fﬁfd’&%@eﬁﬁ%ﬁ thatl it &\U%rde ﬁpe t FneTaF\E ace {rolY‘ﬁ%thephy

devel oped to e nce sur and" to c e sur
The scaffol ds WmmWfahﬂwsultmgsmmqlsceﬁnldem pthterr wosdp theapretess acid (0. 1

et ) on P SBIGH B ELElaR0R0 o PR RSB, BB ot o1 o
Under SEM t hetimabfgbioﬂfgytaf tad mlymbt $caffvida et exampledmacropofe dkdNagH f or 24
B e U MU TAR ECRE TR T AT G R T s
inversion stage of the process and are governed by particulate size and
distribution, and, to a lesser extend by the scaffold processing temperatures. in
addition, interconnection formation and size can be influenced by varying the rate
of the phase inversion. The rate of the phase inversion can be altered altering a
15 number of variables including temperature, type of polymer non-solvent and
polymer concentration. Thus the final scaffold morphology can be controlled.
Preferably, the resultant morphology resembles that of human trabecular bone.
in another aspect of the present invention, a method for culturing cells for
three-dimensional growth is provided utilizing the polymer scaffold described
20 herein. The novel interconnected macroporous structure of the present polymer
scaffold is especially suitable for tissue engineering, and notably bone tissue
engineering, an intriguing alternative to currently available bone repair therapies.
In this regard, bone marrow-derived cell seeding of the polymer scaffold is
performed using conventional methods, which are well known to those of skill in
25 the art (as described in Maniatopoulos et al, in Cell Tissue Res 254, 317-330,
1988). Cells are seeded onto the polymer scaffold and cultured under suitable
growth conditions. The cultures are fed with media appropriate to establish the
growth thereof.
As set out above, cells of various types can be grown throughout the

15



14 May 2002 on the polynmer surtaces. The scaffolds were maintained in 0.1 %
collagen for 1 h, 5h, 8h and 24h. A cal ci um phosphate deposition experi nent
was tested to enhance cell adhesion on the surface of the scaﬂfngygeoz These
were maintained for 1 week in 5 fully suppl enented nmedi um (as described in
Exanpl e 6) at 37C. The cal ci um phosphate crystals on the surface of the
scaf fol ds were piesant ;icﬁ;eﬂelmcaf!old Howseersthai poilymger déaﬁblbe:ftr@ﬁedaﬁmj&ham

experinments were conduc ich the scaffolds were di 1.5 nmv
NabrPOa for o Baiayanes BriPe SRuhst SriBhashi Sl shac BEl Par
saturated Ca2+ Shbdtfaité)ﬁoﬁé/mbﬂlxghbr tiskbe enginbémig] she\elis maebe ebwmgih ameer

SEM and crystals with | eafl et hoI 0 | es. e observe the scaffold
structure. (cf €5 e adygnta I E‘Rf'rqe’ w&ﬁ@é%%mw‘é@w'wcﬂﬁe on

Pol ynmer Sgaf f ol Q$hree5hd?ér§%r?a5 Bﬁn@ehu/mu accrdiRg f&th\éﬁﬁxﬂerﬂbﬁaﬂé@éﬂsé&ea
previ ously described: 2 gl ucose crystals were dispersed in a 0.1 g /mnm

PLGA 75: 25 sol uPstepasnic ﬁélﬁeiqwmmpieom RRNetraiadhe Pemefﬁéaﬁﬁf’&) elehyratem@ne
pol ymer slurry wagid GegRtheln vikG stddte whRlps m%@.vmmﬁfannﬁﬁeﬁ%&ﬁ@g@gd the

gl ucose crystals were extracte fromthe preci pitated mer 1n d
40C. Scaffol ds MV@edsctaé@IctwbmrQ@tdwﬂy@ca meo ayeaph - tlmgme defitk pfithect ed

in 70% EtCH for \Hég%é]amaa %éé( b Bodti nﬂf{/ﬁggﬁ%ﬂ Lﬁé)ra@.tae%shl? b%hgr' e

a- MEM at 37C for passa pri one marrow deri'ved cel s
were seed®d on Makix eiatﬁ:rammfcfaji bisentEnegd py menhahicah nliraseticceledsc fielbed i n
detail el sev\/nerﬁl &E%ﬂ descri bed by Mani at opoul os et al) supra, and Davies et
al., in Cells a g ®Me8Pe, 1.3 25 15,1991 ). Briefly, bone marrow derived

cells were coll ect ecErf\b@dnnbﬁtsfbfftlee“rpreaem‘ inyeRitiog adsldbdcrivad i MESbiwwindt s
(approxi matel y 150@%|E{P£qa fully su Ierren ed

suppl enent ed wi $RECHERXAEIPIES Wigh A WRiRrY @@y Otégg]ﬁgﬁpg/p%&%“"l@’%\/l

~3- gl ycerophaspﬁgg,ﬁpmﬁﬂ PPéﬂé?hf?&h%?a(lﬂ_dAﬂEJZEthl%leFSEhffBIdG) 0.05 ngl
gentam cin and 0.3 ng/nL fungi zone); B M Dexanet hasone (Dex) 23 14 May

2o|02 wasf@dded to th%PI:smm%nolymeeaaaf@m in@ceardates wﬁhm@remtmxannem in

6 aﬁﬁ@i
cgl Itgr\ﬁ/ergrt ryg‘g%‘% gpec{'%n&ggb? %try 0é%ltn I nﬁgﬁ'gﬁnv\ﬁi% @r?é-‘r r(?cl,)ﬂ Tur s ,
in which shggg milrﬁnal’e:ntillscesmymﬁO\Ba'Vrtﬂng@mQ)trepfOvémntmws'ﬁmﬁéb lgmsmxgla(r’ﬁi
Dt ool |5 wer MehTIEuTlERS sh BLlBss EERRTBhE hiRbton B g 0
Z Snﬁ : ng r ZE [ g gcoﬁnrr{g lrggz)i?)lgxnaammwadaTrﬁe)PdGAma;DMS:) mmmamdtécﬂbned;% gred
to the Fa of DOYS Taberages Pihe P A TE25RES0 SRR % rlebed ol roThe Horen

ref eedi ng. “ ~0 TetGAZSes msa!dqleraqmermrﬁ&sem ar5tce W:ﬁbt aurrws?b dv® gligegol ved
in a-MEMto prepare a stock sol ution, of 90

tetracycl i ne- coMbigh i ﬁhQoﬂ'ﬁP|N9”tstb$‘Ieé?W%dTW§(9?’1]?@’@%95 ﬂ'\ﬁdﬁatﬁ"r'éiﬁ%fﬁgad of
a- MEM cont ai ni ng 5% f egﬁé bﬁegg@ &?naﬁﬁédwddﬁponwrah teﬁfsomn@ vRfiih

a-gl ycer ophosphat é°"%?‘h°d' tetracycline. The TFSM was useg forz
| ast ref eedi ng Was changed apA(oxu'aqtewZevew8 ours. The obtamed scaﬁolds were then

25 removed from the water, vacuum-dried for 72 h at 0.01 mm Hg and stored at 4°C
in a desiccator under vacuum until use. Scaffolds obtained using the above
mentioned conditions were then fully analyzed.

The macroporous structure of 2 mm thick polymer scaffold sections was

observed at low magnification (16X) using a dissection microscope as shown in
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~5 cultures were washed in a-MEM (10 tines, ~ 3 mn each), and fixed in

Kar novsky's fixative (2.0% par af or mal dehyde, 2.5% gl utaral dehyde and 0.1 M
sodi um cacodyl ate buffer, pH 7.2-7.4) overnight. A few cul tuq@maw()gzkept
for SEM observations and were dehydrated in a series of graded al cohol
solutions (70% 100/‘%‘4 and freeze-dried at 0.01 nmHg for 2 days. Al other
cul tures were kEBHTg 3A.2p upifarmuligiaibutibyl eftieteohhiected orachipotey 12BgiRglin Sz

confocal observ nf S e, carried out _as fol?oms
sanpl es were pl géo@qu?Ht %stﬁ%m@a%gghéﬁ%égihr?%”i&ﬁ Wﬁcﬁﬁ@ biie er
(obt ai ned fr om BBR{PPOrEsexbibitat etliptivveroep irtediedand Mtkfpo@o@&ﬁa!ﬁqa@&ﬁ I-%bg um

Fl uorescent si ected by optical sectioning in a
MRC- 600 conf ocg@%gggﬁéﬂ'n@e@@&o@ﬁé‘as using the 25 BHS filter. Scaffol d seeded

wi th Dex(t) cells slitwqublymén seaffeliaristithbaRibetided P PBssiRPidk ShbddiLXx: 1 ™

as seen in Fig enc coul d not be observed deeper ng[ hin the
scaf f ol ds becaﬂégd'g]e? ('\@Igﬁ%ﬁggg'ﬁp pectionet fia eoyRpiat al -2MG rosartap setvai 20nmi-

suf ficient. Scethicblsdstlomr(eo%bﬁrdﬁfspfvérescﬁﬁl&@ﬂ%ﬁ giss 3libdy ﬁa ?a&;)

appr oxi mat el y ﬁﬁrgﬂ and ans@ézed confocal m Croscopy O )si des. 24
14 May 2002 FI fidgesyees °Qfsee¢%*dowmaﬁmj"mmn (%é()eamgrae:hmaﬁrignl d. The
fluorescent | abficrosBeparbsd® s&ffRdYU t ffolds
seeded vvlth Dex(+5 cells (gee F|d F'nglgrs osggéecﬁoo%gecg &fﬁ pfes
scaf f ol d "Qeeded@PPIRUDERIMPPNEMIY sepffold| the manrepmrbs ahw arhcropdiusUV | i ght .

A bright fluor on.s the Dex(+) sections
t hr o:Jghout ;J he%%?gné%g’a ? 6?%’@5%%8%9 ?ggﬂ?%/m'cf%é’r@fsdﬁég%&@ﬂdm:ﬁe matri x) as
obger5 ved byI t héP3ssagewaysyrA pslygreathin Vims (il aganhuzyyd)l \?5& @bm%at?ﬁgggtoq'eeot h of
a cm po ed in culture e limtin
fact or |npt h?/;ng gg%ga%&{/\t/ﬁé%? m]ne(ﬁé‘ﬁ%ﬁ%ﬁq{)e}f a96% VREs cyvarted ot TIRMiles hog
:Aﬂcr ﬁam ng the adelpzefd or at%cmbutgﬁnsmg&fé th?\éﬁ@E}E:ﬁbéeﬂﬁ{aﬁééﬁalgBF 8Q§9§£ to

ich cells penetration, o and bone matrix fornation
achi eved | n F h.‘@g %P?)Fré‘? ASUIRMYItgmesy wasdisad tumeasyedie ponewadl sidesl (arbaf or
ost eocal ci n. OpeMmaier iametepeaEoPBadisdafihby BEstion 2tk ks mEll il 5 uer ©

assessed by i munohi st ochem cal net hods using goat anti-ra sPutiRe cin

ant i serum ( Bi off¥gPYse H%ewn?g?teebqrrvéporeswol@huommpnma glidki nal dilution
of 1:6000. The ass abeling with
donkey anti - goat ;@éggﬁn%%u{% éﬁ@%@?%@'ﬁ%@‘!&gﬁ%&e&@.%ﬁ%gy@ 'T‘%%FSJ?M at a
concentration € 'b!La mgdhe AVSieIBT mragnhaﬂtmvmmhmlenédm@bnmuﬁﬁinr@twe géatnnggr

W th

peroxi dage (Ve was used, suppl enente
ni ckel chl.ori d@étb%sgeve t he XEV'%‘FL%%Q% éo"fss'zsen‘%%sd%{ﬁ'm'"ed by
ost eocal ci n-| a@éh@@llyshra\ﬁlhglajlrmemdemlsuﬁwmewanﬁé iitixed m&ge"ﬁﬁhé‘ﬁgg}n@r

| t f 6 I I f th ffol
obt ai ned as o FEROR: sl A8 waliS Inschitacent pare s dine sharastaristioned
vertically at tﬁerasuttingqioimascmm g IdeYdrminkidtuay f al so
observed fromé’%eyéhl Sfjﬂ“@ | cal s t| gns Ar\t ! | ow n@éﬁ?ﬁﬁ?{nﬁélﬁ?ﬁ?ﬁ%} ire

scaffol d secti \WF‘%%? @‘Hsby LM in both Dex+ and Dex- cultures,
cel | cowsrage was foundMabfopegdeize the entire scaff?)l7g /Zé‘érh{ cture.

Haemat oxylin and eosin staining was visible along all "thée opores) on
the outer surfaces as wWMPFroRarqus intrecopneetioss of t hez@8afAmiSmm Fi gures 14
and 15 show | ow nagni fi i + and Dex- cult ns The amount of
matri x el aborated on Degt?@@tureéggv%/as far nmore ab ﬁégﬂta %ﬂﬁ"r‘u"'on Dex+
cultures) as seen at hlléméwpqmgm fication. In Dex+ Guo+A0@Smnenly a few
cel! layers were found {y14 May 2002 |ining theeé)é,;e wal | s and producing
matrix in close app05|t|on o the pore walls, wher i - cultures, the
entire macropore volunes were filled with matrix. Exanple 7 - Seedi ng Human
MarrowCel | s On Pol ymer Scaffold s PLGA 75:25 matrices were prepared as
described in Exanple 1. These scaffolds were disinfected in 70% et hanol for
30 mn prior to being seeded with human bone marrow stromal cells, from
young donors, using protocols and dexamet hasone (dex) containing nedia
described in detail by Parker et al. (J. of Bone Mn. Res., 12(1),

S300: F298, 1997). ~o Exanple 8: Effect O Macropore Size And

I nterconnectivity On Cell Invasion Three different scaffold norphol ogi es
were created: 1 ) scaffolds obtained




by particulate | eaching only) referred to as nenbranous scaffolds form ng
part of the prior art and shown in Figures 16A, 16B and 16C di scussed
briefly below, 2) ~s scaffolds obtained by particul ate | eachd MpyRtd2e

i nversion using | ow processing tenperatures) as described in Exanple 1,
referred to Internmedi ate scaffolds and 3) scaffol ds obtained by particul ate
| eachi ng phase i nverThegorasgty ngthlaip@I;emerpnatdeSSWBg atserqsdmteﬂmsme&mr;descri bed

in Exanple 4, referre one- | d Fromea Q ese three
basi-c processi My ?%W?&g&ﬁ{éa%ﬁ?@%%‘i ﬁ%g 2‘% é‘fdrrﬂﬁﬁeﬁlo '&’ %F@a?@ with
di fferent nmacr apemeokinieewas Géed fBRsarples imtheaingé 6£0.016 te 020 o5 TAk Valuds

structures were obtained. These ni n; structures are il din Figures

strat
16A to 161. MerffVaidoipuras weresalruiated fropy g meycyy) 'HEU%P’b‘.!\?'P'%gul%%\% BONOSHE hi ng

techni quesonly Waschl@fabd kem thY ndr&ay itfusion vdl@n@'t&ﬁ@fegre%l' $hé horoditg- 330,
1993}, see the prior 25 art shown in Figures 16A 16B and 16C. Briefly) a

PLGA 751 25 (Bi rastimgiashysing padiosthervEelipserimpae @nplysis peftwATRAS &7%6)is over
si eved parti cl E‘s%bsfah{@yeq%wg e@l?%étséfw 0% &sInedStred B% gﬁﬂﬁ{rg%r&fr%ét

(size ranging fromO or 3 gl ucose crys Ize ran
from0.8 to 2 rgien tiakthp sleyensy potosimetnt methasia npbaqcusatemd@mar@w@gature to

al I ow chl or of or ﬁd%ﬁ%ﬁ&?%?g? ﬁe{?ﬁé'?m{&‘bg eﬂﬁerﬂﬁ L LGlsg 14 May 2002

wer e di ssol ved i e and~bone-11ke 's Tolds were produced
as descrithbed in ExaFpr@slymeaachfibldayaentspanepmgdtfweam whidd aseartnigar ti cl es

were oreated alRrsBDReReSLEIF gk B ERTBRT oat S ShREE sl TriRkRss Bt Vent
at room tenper aip@ftﬁumﬂ@ry@imnB@rﬁtﬁstﬁ‘eﬁchéﬂfvﬂil’\(ijbld\ﬁﬁ@errzrr@ﬁvsmﬂbs%éﬂé a

pol yner solutiop tenperature at 11 -sol vent at room tenperature.

The obt ai ned sdaPERTHEsHEPetdnG; Hmée%tew" %A)i‘o VELPEC S MIROGFRPIVEB: t o
bei ng seeded WithkertsH A HitaliRt 2506 SEMNAE S kP BcElefliEn sswé deo! the c‘!@n%e%g@)? theed

by confocal mcroscopy, 1o and cell differentiation th rou hout t scaffold
structurd5was dBRATPPGES Was corfirmed usigdbe AEM micrepeaphado be gayutdb@d Pbwu, i n

S o 0 SELDALS el Fadon RipsPasit oo whd bk d0Sose 2
illustrating the very open interconnected structure of these polymer scaffolds.
The microporous nature of the pore walls, as observed under the optical
microscope, was confirmed by SEM, as shown in Figure 3C.

20 The polymer scaffold was mechanically tested as follows. A polymer
scaffold in the form of a cylinder with a diameter and a height of 1.5 cm was
prepared and tested using an Instron Mechanical tester. The mechanical
experiments were performed on a uniaxial servohydraulic testing machine (Instron
Model 1331 load frame with Series 2150 controller). A 1 kg load cell (Sensotec,

25 Model 31/4680) was used for ail compression tests. The deflection of the
actuator was measured by a DC linearly variable differential transformer (LVDT,
intertechnology Model SE 374). Signals from the load cell and the LVDT were
displayed during testing on a digital storage oscilloscope (Gould, Model 1425).

The signals were also input into a 16-channel, 12-bit analog-to-digital (A/D)
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5 caffoldlparticleParticle size~0.35mm 0. 54t 00. 8nmm 0. 8t 02. OmnriVacr opor e

si ze0. 330.581. 10clntercon. Size0.010.09 ~0.9.0 E Cell depth 0.3 0.5_

1. 5Cst eocal ci nSur f aceSurt aceSur f aceMacr opore si ze0. 330. 751. 4dIM4ye2002n.

Si ze0. 070. 150. 45cCei |

dept h0. 31. 5Thr oughout Gst eocal ci nSur f aceSur f aceSur f aceMacr opor e

si ze0. 350. 71. 8cdnverat &#r macceﬁraﬁdmpfblé)lléﬁompﬁﬁﬂ T tdte of data acquisition for

dept hl. 2Thr oughout Thr oughout Clst ﬁca C ~Thr oL hout Thrﬁ out Thr ou&}ﬁ
e

Cel | col oni zat fseSXPEHTeRis WasH soa"ésor}rd ci"é PERHSSEPR

M ni mum i nt er c pBRARE bOAFfdid é@c@fed%taﬁamfamd mm/@r/s)@@mvrsmmgmé 4(2\ A pioofl n
this Exanple, nenbranous scaffolds wth macropor nm wer e not
col oni zed by cEPMBresRionsHengihvs. Pereanidefpmmati O\f\}itet'P"ibﬁ?ﬁr@ﬁaﬁ%’dﬁ'%@d 0. 7

mmvere fally gRidoni 786 V%ngslrﬁoﬂuudsrfop%qlrst%léaﬁc rédibs (rE%ABR 6 YderaY s at es
t hat scaffol ds obtained fpartlcu ate | eachi ng phase inversion techni que
R

al | owed cell cel®h &/b?cau.cﬂndt ¢ hageeond 9Hétl<éfﬁgiqne(r%fera¢d t91%) was Bl ©gyP 16

whereas previo ~5 published scaffold were only col onized by cells
within their superficial pore layer. The foregoing description of the
preferred enbodi nents of the invention has been presented to illustrate the

P Lo es, o Al St Pl CotfeMiaeb et Sqnmbl Lo R St Lo
the invendion be defhdefedrwf RLGATTS: 251eomﬁncrdﬁasremtmwsomrm@swauw dffthé the
following clains and their equivalents. 5 29 14 May 2002 CLA
resulting polymer scaffold was determined using the prétocol outlined | ln detail in
Example 1. Three different concentrations of PLGA 75:25 in DMSO (0.05 g/ml,
0.1 g/ml and 0.2 g/ml) were used to make polymer matrices while all other
conditions were maintained constant as described in Example 1.
15 Each of the polymer scaffolds prepared were cut in half using a razor
blade. A skin structure was found on each regardless of the starting
concentration of PLGA 75:25 in DMSO. The mechanical properties of the 3
different polymer scaffolds were assessed and are illustrated in Figure 4B. A
significant decrease in Young's modulus was observed in the polymer scaffold
20 prepared using the PLGA in DMSO of 0.05mg/ml while the stiffest scaffold was
| obtained with a PLGA 75:25 concentration of 2 mg/ml.
These scaffolds were also observed under light microscopy and SEM. No
differences in structure could be detected between the three polymer scaffoids
under light microscope. However, when observed under the SEM, the scaffolds
25 created with 0.05g/ml PLGA in DMSO exhibited more of a lamellar wall structure
with more microporous interconnections (see Figure 5), than those created with
0.2 g/ml PLGA in DMSO, where fewer microporous porous interconnections were

seen (see Figure 6).
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1. A macroporous polyner scaffold conprising essentially nonnmenbraneous
pore walls, said pore walls consisting of m croporous polyner 5 struts
defining macropores which are interconnected by nacroporous 1gaddse2edsays,

m cropor ous passageways extendi ng through said m croporous polynmer struts
so that macropores on either side of a given m croporous polynmer sturt are
i n communi cat i dExantple BHEffeutdf the/Particles op(ﬂowmeprgﬁeld Struciure sai d

macr opores having a iameter in out .0.5 to 10 ab ut 3.5
nmm -and said macr opaﬂE §%§&Wyrg% %‘P@ Lﬁ%@%@"&é\f'%ﬁ@rafﬁ?w}t@a t 50%
2. A polymer scsidd 6flthe glatosteshrticles hamXed wihethe iPLGFapolyimer wap defimined as
passageways CcoO nect| n%f nacropores have a nean djaneter in_a.range from 15

about 200 ~, mt'® Dtfesingamonats fialiscash PaRidesHOS b9 804 Z NN Geways have

a mean di gnet ersebﬁﬁa‘iel{' E%.@B% ﬁﬂOpMymbr Solutior? PhainBnirgal tPkfcaritptiaged
in claim2 wherein salid m croporous %egr struts separating macropores

have a t hi cknesﬁ?séﬂ'bﬁddﬁ§xﬂmf¢ bcqnﬁﬁﬁt Ple affect of partfiglersize-an ’mﬂ #nah scaftold ned

I wh fi
Iclnalcmall m L i) anogye SO URBILL Goaby MRIROINK TBlowing bib 0t dInaficRE! (sRald

ner sca

cl ai m 5 wher ei resting q@ﬂyeyn\éWR W@IQ#@B&GW&)@%M@I Wéﬂaisd(é)o 3§ mm, @bl ymer
scaffold as def i

pol y(l acti de- coéugf"%% S(]A l%ﬁ‘prﬁ@i{:&&gg%&%Sy % act’ J&O%h%&% éY st%l(s)|(0 ge

8. A poI yiner saamnf<otmstaksizief |2rmnh)ﬁrhea‘eaultm@pblamengcaffqddxweletqbsefvedtbyl east
85% 002 9. A rrersaff | d as.defin in_claiml. wherein
said m croporg/ﬁ-'éhﬁ IWPP% V?ﬁ?rg gtﬁ (5"?1[38 llLﬁIBBr“Q@dtﬂg\P@ﬁg”i%?%lér’{&ss of
Lesz thag 8| 4rm§eegmlat\f$|fsrneaumr5@urds @?ﬂ)a}lﬂaﬂaﬁs@‘fé @I&Iggﬁ)l,bh@pomtsabﬁorand

i odegr adabl e, an orosjty of at st : Macr opor ous
pol ymer scaf f oI"EFSdWST‘ dmiipreeddB g B‘F”'?U'ﬂ@%ﬁ?nﬁgﬁr‘%ﬁBB@E‘%P\“@W sai d
pore wal s consk&lieBGitef pHASE iRREISIBH In B PhafBrandts sthictGre! sifliBEtdTRET e €S
whi ch are interconnected by nmacroporous passageways, mcroporous

passagewd§s extwhedineparticurign arisedal-aiospseiuiien densiilss,afeartiouiaies(i.eo2.Ohat
Macr opor es on ‘:dnrtn@%wﬂe‘?él&mﬂmaat&i fﬁ%’cbog)n?ér%ﬂrtBH%oRRémErresﬂa §ta| F6idl N

comruni cation t sal ven orous polymer strut m cropor es
havi ng a nean d:oatwtadra diatrhutuzmgfemacrromrab@(#loot thistroembranous sfuature.sai d

macr opor ous passage Y in a
range from about 203@3%{2@83?&% %&gﬁm san?'%%‘(é%ﬁgggﬂsal ?ng!:zrgg)g rous
passageways ha\partazlefm&ndde gnmberopbressize ware a06@3mn Ohex partickesi< §850mm

macr opor Qus pol scaf.fal d a r osi of .at |east OfV

ol yror St olMPra Lsa it faatte 1A A2 OF3AE b Becies BREDAdAE 0 e D1
struts separ at infiv@ were USSP (FFifaeTB). Kihalbioepartioles beger tHaaro.abemfthe. 4 20 nm
12. A polyner scaffold as defined in clai n}é’ﬁ V\% r\%s bi oconpati bl e. 13.
A pol yner ~ scaf f9B8Vad MASTRoERS WarecT Adirdcr Gighen' ¢ \Whenag SWergs 14, A
pol ymer scaf f olpgixéptotab 'pB%e'rJDl\ﬁé@sﬁlullan vihe rr@édhﬁd(}ﬂ)lﬁﬁéblﬁﬁfcmré was a

pol y(l acti de- co-ﬂ@zcol i d A pol yner scaff as defined in claim14

wher ei n the polh@ cwmdpr c@a@osm q5@|tppk§lsm|0@@t%0@ny@repweé) as {justrated ino of
75% | actigde anqh@{ %(nggkhﬁ:gogsefy% @')nﬂl%Xﬁ@heﬁ%ﬁﬁ@kﬁu&ﬁre%gblﬂﬁéjfrbﬂ £1aim

14 haV|ng a por oSl
normal phase—inversion process.

Example 4 - Effect Of The Processing Temperatures On Polymer Scaffold
Structure
30 The effects of three different T, (11°C, -20°C and -80°C) at constant

20



31 14 May 2002 17. A polymer scaffold as defined in claim10 wherein said
m croporous polyner struts separating nmacropores have a thickness of |ess

t han about 0.4 mm and wherein said polynmer scaffold is biocpfpayi2bdz and
bi odegradabl e, and has a porosity of at |east 85% 5 18. A polyner scaffold
as defined in claim5, which is bioconpatible. 19. A process for

synt hesi zi ng aTRcr OpPCWerd@LYIER! TWE Aldiv biffevdri Beafcld SPOGtONS vRPé ¥hRIneat r ut s

soiven

defining i nt er connect ed conprising the 10 st of : m xing
li quid pol ymer WMth T, part1q?¢é§d?bwft6frma -30°%G ML Tof = t%a §§%ﬁ AR  and

particles; subrghgf Jhﬁcrﬂn&tﬁm,,m ﬁo"@%?é’!sk{%&s 54 shdiged & Gery@dpBR! YET
to precipitate said Tiquid pol t oduci ng a solidified mxture;, and 15

subner gi ng t he syuetuEE. Asshown in 'Qél’ﬁ ol he WarrpeAtessizas seegwg| axpandsde and
| f d
particlessfor g B?arﬁél{a? gfg@vﬂé tt}t‘a gﬁ.‘?’é%%?TﬁQEoféa\kéllsq{a‘?ﬁeé}?mgz?éﬁr& S

macroporous pol yner sca i CT OpOr ous mer struts I nin
i nt er connect ed nMere MesorResousiotePNNAcioNse proyiding algéneratly mre:omrmtmture\/mer ein

said liquid pmﬂ)@g&#"ﬁ‘g %Mscgfggﬂ%k&gr a_pg%ﬁgﬁ Ié‘boé bBﬂi NI s'g(g)l vent .

21. A process a alm erei s yrrer Sol ven
di met hyl sul f oxistractub FBQT,,,,,A: $200C diws masrapefe snssmet sxhalienthargon Seaffolds21

wherein said p |cIe ne dianeter in.the ra ut 5to
about 3.5 nm ?g drﬂ%(;'@g‘?&Tasa'&gF’FH@&qsr’("%Fﬁsﬂ@a by%ratgﬁbﬁm 2”\? sai d
parti cl egohave pare3WallsBdte draaRl awitH fév.tehanaromgﬁow infhestinebtishstisut ARttt 2. O
mm 24. A process as defined in clains, 19, 21, 22 or 23 wherein said

particles are SMUGRPOTGHS {NteC@RNeCHONS (CIE'Q%‘?ngdW@%Ob%’Yﬁdo‘@éé@eé%anfﬁed in

claims 19, 20, sgt.deroaBEd ¢ih Wr@mﬂ 'ﬁw"é Gﬁff@l%rntcéﬂrﬁﬁa%gor%%s wakticles. 25
A process as defined in clains 19, additionally 5

conpri si ng t he Pattisplagy lmmanybwe@nécaﬁf@l%@@aéﬁd atewpol Ya@ndJeaf tA°8. 26. A
process as def W\%Pea's'}m%la&lﬁ%r%ﬁce%"@cte cBrQGSI é%%s@?veﬁtb%mpégny&%ff?lagaffm d

is nodified using a treatnment se rom group consisting of acid
treat ment$ basereateshatiiont, -2¢°61 arayEn, 08006 \Whie theniacrapotesizgsitimpished 10

OO oo v SR B el Wiy S FBhGo B efdpeitnnd’y 21,75
pol ymer. 15 28Differphcesas S'm,@masihbveﬂaﬁeated theatate aﬁpoiymeepr'ec@ﬂatd)nnan'd ure is
defined i n of alfelor bie ARIRIB SRR VALAHEUPS st abi |1 ved by cool ing it
sufficiently to frepgerdnf®, i X 0CC, 20°C and 0°C) were also studied, with a constant
20 T Of -20°C. In this case, the main difference between all scaffolds was their pore
l wall thickness. Lower T, .savert CaUSEd thicker and more complex pore walls
whereas higher T,..sovent Cr€ated thin and compact pore walls, comparable to
polymer struts delineating each macropore. Figures 9B and 9C show the different
morphologies of the scaffold structures at Tsoven = 0°C and 40°C respectively.
25 Most structural differences were seen between scaffolds created at T, conem = 0°C
and Togneonent
Tonsowent = 20°C or 40°C. While lower T,soven ( 0°C) provided lamellar pore walls

= 20°C. Fewer differences were seen between scaffolds obtained at

(cf Figure 9B), higher T onsoven (40°C) provided strut-like pore wall morphologies
‘(cf Figure 9C).



20 30. A process as defined in claim19 wherein said |iquid polyner is

formed by heating a polyner to its nelting point to liquify said polyner.
31. A process as defined in clains 19, 20, 21, 22, 23, 24, 24 Mdp2007, 28,
29 25 or 30 wherein said particles are selected fromthe group consisting

of pol ysacchari des,
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Wit h pervasi vel sy sahent (1G4 (MK eo ﬁtﬁﬁﬁm(wnh QRCLOpQF ous pol yner
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provi di ng5ﬁa MR EEEReFoHS Eoly-reF i%'%fcg?’d G;}?Q'? S+ “ygg 7'33“25‘“ Al |y non

menbr aneous po-@—wa-l-l-e,— ' —zgg_tc g e Y =-8pD0r ous pol yner
struts definin ; —~ ED 43500 Ct © 302 HgrCT PPOrous
passageways, g I > &2 o] mi cr opor ous
pol ymer sgruts BT ' 5+0106€  Of 017+ 06 €Nj M cr opor ous 25
pol ymer strut | ZoUNI cat | (pa ﬂzhr:ﬂu 0.1 781081 V@51 CT opor ous pol yner
strut, said macropores having a nean dianmeter in the range fromabout 0.5

to about 3.5 g{bqle gaig], R rmggwgﬁ?ﬁqwm%p%g%,g having a porosity of

at |l east 50% seeding the po yrrer sca tissue cells; and 30
cul turing said tissTike oetained s&BﬁolAsps@eesmeabmﬁxdmp@ 1 werel faitheratirfaber ei n

sai d ‘macf.opor o %gﬁ%%sn%gaec: K& g ﬁaéen Gepoinds: anrd%n]cﬁnbouhoquw (M Lo

about 2 #m an ase trea men
deposition. The procedures and results were as follows:

Acid/base treatment was developed to enhance surface charge and to
change the surface topography. The scaffolds were maintained in several
concentrations of acetic acid (0.1M, 1M, 5M) for 24h.Scaffolds were aiso

30 maintained in various concentrations of NaOH for 24h to observe surface polymer
chain hydrolysis. Under SEM, the scaffolds treated with 5M acetic acid or 0.1 M
NaOH for 24 hours showed changes in surface topography with appearance of
nanopores

A collagen deposition experiment was designed to enhance cell adhesion
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14 May 2002 wherein the m croporous passageways have a size in a range from
about 50 to about 200 ~,m 39. A process according to clains 37 or 38
wherein said macroporous 5 polynmer scaffold is bioconpatibl eipmdyes2 a
porosity of at |east 85% 40. A process according to clains 37, 38 or 39,
additionally conprising the step of nodifying the surface of the pol ymer
scaffold. 10 4bn themntymsudmr Thagcafioidd eiera raintainet ipi 01 %lvellagenffac th,of

t he pol yner scg g |?ﬂﬁgd|f|ed using a treatnment selected fromthe group
consi sting of & 8 base treatnment, collagen deposition and

cal ci um phosphat e dwnmm@nosﬂ@téaepd&,uwﬂ@ﬁmm@cwadtemgedm ehhandsscall’/, 38,
39, 40 or 41 wherein said tissue cells teoglen C C A process

according to cl38hgsign onthe swiareLfitee ¢ PP 3[%’5‘5V1§l"éedof852"‘f?ﬁf(r"l‘x 20

44. A progess aam@pr&qér@ed:héumhﬂé’as d@sef.sémmsamhdle epata7ee! Tife ai@u@f human
origin. 45. A process accordi ng]to claim44, wherein said tissue cells are

sel ected 25 f rcﬂ'PPPh’éatQPB’ﬁ‘;?'%@h esguriage of thexseaifoldsayere visualized by|Von Kossai | age

tissue cells, denhiah, tissue cells, liver tissue cells and breast tissue
cells. 46. A procesS according tq_clai ms 37, 38, 39, 40, 41, 42, 43, 44 or
45 wherein said cel FurtherCafadepesitinaexperiments weresoaddcted, iy whishdpp beaftoldsons.

Pho. Aog. AL . ao WS PRl L5 B a0 165 ) SRy cefttheand il £

. A& Ah . AD. AquAllibra@&U.nﬁd.éhtMtécBD&?ﬂsblutim olrernight. The scaffolds were then

}xsrhen ] cal ol gal cavl cal eak 6ol el ealeghia ik rsANgal koo ke fg) oo

cal] ca] ca] ca] c
scaffold structure. (cf Figure 10).

Example 6 - Bone Marrow-Derived Cell Culture On Polymer Scaffolds

15 PLGA 75:25 polymer scaffolds were prepared as previously described: 2
g/ml glucose crystals were dispersed in a 0.1 g /ml PLGA 75:25 solution in
dimethylsulfoxide (DMSO, BDH, Toronto, ON). The polymer siurry was frozen at
11°C. The polymer was then precipitated and the glucose crystals were extracted
from the precipitated polymer in ddH,O at 40°C. Scaffolds were dried to constant

20 mass (10 pm Hg, 72h), disinfected in 70% EtOH for 1/2 h, rinsed 3X with a-MEM

| and equilibrated in sterile a-MEM at 37°C for 6 days.
First passage primary bone marrow-derived cells were seeded on 0.25 cm?®
scaffolds using protocols and media described in detail elsewhere (as described
by Maniatopouios et al, supra, and Davies et al., in Cells and Materials, 1:3-

25 15,1981). Briefly, bone marrow-derived cells were collected from both femora of
young adult male Wistar rats (approximately 150 g) into a fully supplemented
medium (FSM): a-MEM supplemented with 15% fetal bovine serum, 50 mg/mL
ascorbic acid, 10 mM B-glycerophosphate and antibiotics (0.1 mg/mL penicillin G,
0.05 mg/mL gentamicin and 0.3 mg/mL fungizone); 10°® M Dexamethasone (Dex)
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Scaffolds were also immunolabeled for osteocalcin. Osteocalcin expression
in both Dex+ and Dex- cultures were assessed by immunohistochemical methods
using a goat anti-rat osteocalcin antiserum (Biomedical Technologies Inc.,
Stoughton MA) at a final dilution of 1:6000. The assay was terminated by second

15 anti-body labeling with donkey anti-goat IgG conjugated to horseradish peroxidase
antiserum, at a concentration of 1:250. A 3,3-diaminobenzidine (DAB) substrate kit
for peroxidase (Vector laboratories, Burlingame CA) was used supplemented with
nickel chloride to develop the staining. Figure 13 shows an osteocalcin-labeled
scaffold seeded with Dex+ celis and maintained in cuiture for 6 weeks.

20 Histological sections of the scaffolds were obtained as following: samples were
embedded in Tissue Tek and sectioned vertically at a 6 mm thickness. Cell
growth within the scaffolds was also observed from the histological sections. At
low magnification, the entire scaffold section could be visualized by LM. in both
Dex+ and Dex- cuitures, cell coverage was found throughout the entire scaffold

25 structure. Haematoxylin and eosin staining was visible along all the macropores,
on the outer surfaces as well as in the middie of the scaffolds. Figures 14 and 15
show low magnification of Dex+ and Dex- cultured foams The amount of matrix
elaborated on Dex- cultures was far more abundant than on Dex+ cultures, as
seen at higher magnification. In Dex+ cultures, only a few cell layers were found
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Polymers) solution in chloroform was cast over sieved particles, either 1) NaCl

(size < 0.35 mm), 2) sucrose crystals (size ranging from 0.54 to 0.8 mm) or 3)
glucose crystals (size ranging from 0.8 to 2 mm). The polymer structures were left
at room temperature to allow chloroform evaporation, after which the particles
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=

é Intercon. Size 0.2 0.35 0.65

Q

- Cell depth 1.2 Throughout Throughout

Osteocalcin Throughout] Throughout Throughout

10

15

Cell colonization of the scaffolds, as reported in Table 2, required a minimum

interconnection size of 0.35 mm and macropore size of 0.7 mm.

In this Example, membranous scaffolds with macropore size of 1.1 mm

were not colonized by cells whereas Bone-like scaffolds with macropore sizes of

0.7 mm were fully colonized by cells. In conclusion, this Example demonstrates

that scaffolds obtained by particulate leaching phase inversion technique allowed

cell colonization throughout the entire scaffold morphology, whereas previously

published scaffold were only colonized by cells within their superficial pore layer.

The foregoing description of the preferred embodiments of the invention

has been presented to illustrate the principles of the invention and not to limit the
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CLAIMS

1. A macroporous polymer scaffold comprising essentially non-

membraneous pore walls, said pore walls consisting of microporous polymer

5 struts defining macropores which are interconnected by macroporous
passageways, microporous passageways extending through said microporous
polymer struts so that macropores on either side of a given microporous
polymer sturt are in communication through said given microporous polymer
strut, said macropores having a mean diameter in a range from about 0.5 to

10 about 3.5 mm, and said macropores polymer scaffold having a porosity of at
least 50%.

2. A polymer scaffold defined in claim 1 wherein said macroporous
passageways connecting macropores have a mean diameter in a range from
15  about 200 um to about 2 mm, and wherein said microporous passageways have

a mean diameter less than about 200 um.

3. A polymer scaffold as defined in claim 2 wherein said microporous

polymer struts separating macropores have a thickness of less than 0.4 mm.

20
4, A polymer scaffold as defined in claim 1, which is biocompatible.
5. A polymer scaffold as defined in claim 1, which is biodegradable.

25 6. A polymer scaffold as defined in claim 5 wherein the polymer is
poly(lactide-co-glycolide).
7. A polymer scaffold as defined in claim 6 wherein the polymer comprises
poly(lactide-co-glycolide) in a ratio of 75% lactide and 25% glycolide.

30
8. A polymer scaffold as defined in claim 5 having a porosity of at least
85%.
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9. A polymer scaffold as defined in claim 1 wherein said microporous
polymer struts separating macropores have a thickness of less than 0.4mm, and
wherein said polymer scaffold is biocompatible and biodegradable, and has a

porosity of at least 85%.

10. A macroporous polymer scaffold comprising essentially non-
membraneous pore walls, said pore walls consisting of microporous polymer
struts defining macropores which are interconnected by macroporous
passageways, microporous passageways extending through said microporous
10 polymer struts so that macropores on either side of a given microporous
polymer sturt are in communication through said given microporous polymer
strut, said micropores having a mean diameter in a range from about 0.5 to
about 3.5 mm, said macroporous passageways connecting macropores having
a mean diameter in a range from about 200 um to about 2mm, sand wherein
15  said microporous passageways have a mean diameter less than about 200 pm,

and said macroporous polymer scaffold having a porosity of at least 50%.

11.  The polymer scaffold as defined in claim 10 wherein said microporous
polymer struts separating macropores have a thickness of less than about 0.4
20 mm.

12. A polymer scaffold as defined in claim 10, which is biocompatible.

13. A polymer scaffold as defined in claim 10, which is biodegradable.

25
14. A polymer scaffold as defined in claim 13 wherein the polymer is
poly(lactide-co-glycolide).

15. A polymer scaffold as defined in claim 14 wherein the polymer comprises
30 poly(lactide-co-glycolide) in a ratio of 75% lactide and 25% glycolide.

16. A polymer scaffold as defined in claim 14 having a porosity of at least

85%.
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17. A polymer scaffold as defined in claim 10 wherein said microporous
polymer struts separating macropores have a thickness of less than about 0.4
mm, and wherein said polymer scaffold is biocompatible and biodegradable, and
has a porosity of at least 85%.

5
18. A polymer scaffold as defined in claim 5, which is biocompatible.
19. A process for synthesizing a macroporous polymer scaffold with
microporous polymer struts defining interconnected macropores, comprising the
10  steps of:
mixing liquid polymer with particles to form a mixture of the liquid polymer
and particles;
submerging the mixture in a non-solvent for the liquid polymer to
precipitate said liquid polymer producing a solidified mixture; and
15 submerging the solidified mixture into a solvent that dissolves the

particles for a time sufficient to dissolve the particles to obtain said macroporous
polymer scaffold with microporous polymer struts defining interconnected
macropores.

20 20. A process as defined in claim 19, wherein said liquid polymer is formed
by dissolving a polymer in a polymer solvent.

21. A process as defined in claim 20, wherein said polymer solvent is
dimethylsulfoxide.

25
22. A process as defined in claims 19, 20 or 21 wherein said particles have a

mean diameter in the range of about 0.5 to about 3.5 mm.

23. A process as defined in claims 19, 20 or 21 wherein said particles have a

30 mean diameter in the range of about 1.0 to about 2.0 mm.

24. A process as defined in claims 19, 20, 21, 22 or 23 wherein said particles
are sugar particles.
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24. A process as defined in claims 19, 20, 21, 22 or 23 wherein said particles
are sugar particles.

25. A process as defined in claims 19, 20, 21, 22, 23 or 24 additionally
5 comprising the step of modifying the surface of the polymer scaffold.

26. A process as defined in claim 25, wherein the surface of the polymer
scaffold is modified using a treatment selected from the group consisting of acid
treatment, base treatment, collagen deposition and calcium phosphate

10  deposition.

27. A process as defined in claims19, 20, 21, 22, 23, 24, 25 or 26 including
stabilizing said mixture prior to precipitating said liquid polymer.

15 28. A process as defined in claim 27 wherein said mixture is stabilized by
cooling it to a suitable temperature.

29. A process as defined in claims 27 or 28 wherein said mixture is stabilized
by cooling it sufficiently to freeze the mixture.

20
30. A process as defined in claim 19 wherein said liquid polymer is formed by
heating a polymer to its melting point to liquify said polymer.

31. A process as defined in claims 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29

25 or 30 wherein said particles are selected from the group consisting of
polysaccharides, organic salts, inorganic salts, proteins, lipids, and combinations
thereof.

32. Aprocess as defined in claim 31, whrein said polysaccharide is glucose.
30

33. A process of claims 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 or

32 wherein said non-solvent for the polymer is selected from the group

consisting of water, alcohol, 1-4 dioxane and aniline.
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y 10% 2#: & ( B6et h :rpamroporous polymer scaffold with microporous polymer struts
defining interconnected macropores formed by mixing liquid polymer with
particles to form a mixture of the liquid polymer and particles, submerging the
10  mixture in a non-solvent for the liquid polymer to precipitate the liquid polymer to
produce a solidified mixture, and submerging the solidified mixture into a solvent
that dissolves the particles for a time sufficient to dissolve the particles to obtain
said macroporous polymer scaffold with microporous polymer struts defining

interconnected macropores.

15
37. A process for growing tissue, with pervasive distribution, in a three
dimensional macroporous polymer scaffold with a trabecular morphology to a
depth of at least 2.5 times the average macropore size in the scaffold,
comprising the steps of:

20 providing a macroporous polymer scaffold comprising essentially non-

membraneous pore walls, said pore walls consisting of microporous polymer
struts defining macropores which are interconnected by macroporous
passageways, microporous passageways extending through said microporous
polymer struts so that macropores on either side of a given microporous
25 polymer strut are in communication through said given microporous polymer
strut, said macropores having a mean diameter in the range from about 0.5 to
about 3.5 mm, and said macroporous polymer scaffold having a porosity of at
least 50%;
seeding the polymer scaffold with tissue cells; and

30 culturing said tissue cells.

38. A process according to claim 37 wherein said macroporous
passageways have a size in a range from about 200 pum to about 2 mm, and
34
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15 42. A process according to claims 37, 38, 39, 40 or 41 wherein said tissue

cells are osteogenic cells.

43. A process according to claim 42, wherein said tissue cells elaborate bone
matrix.

20
44, A process according to claim 43, wherein said tissue cells are of human

origin.
45. A process according to claim 44, wherein said tissue cells are selected
25 from the group consisting of paradontal tissue cells, cartilage tissue cells, dental

tissue cells, liver tissue cells and breast tissue cells.

46. A process according to claims 37, 38, 39, 40, 41, 42, 43, 44 or 45
wherein said cells are maintained for in vitro and in vivo applications.
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