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WD 2008/ 069761 PCT/ SG2007/ 000415 1 MANUFACTURI NG
THREE- DI MENSI ONAL SCAFFOLDS USI NG CRYOGENI C

WEROSQEYPI NG CROSS- REFERENCE TO RELATED APPL| BAIVSGRS7/800415
[001] This application clains the benefit of priority

MESEIRGEF ORI AR APRNE N RINAT scRYER DS Yo ERocrNIC
i ncorporated by referaROTOTYPENGNtirety for all
purposes. FIELD OF THE | NVENTI ON 10 [002] The present
invention refers to a nmethod of fabricating a three
di Mens! ORROSSIA FRRINCE TRPRELLATED! RPPEICATIOR | NG
havi ng a controlTed mcro- and macroporous structure

[001si nThiy ymlieatian plathothephengfit Fhpriprtyseint)S ipredsivhanapplication No.

alsg refers to _scaffaql bt ai hed by t .met hod of
60/ e85y ElsbriDeceisn DoV in e sortar o st bpitib R b asEporated by
fefdhcel tGitd NM gegg\m}ggﬁ& scaffolds are artificial
e est(r:echt usr eslr:%gpabl 0 Sse,:upporti ng a. three-dinensional
tissue formation. Scaffolds are supposed to resenble
t he connective tissue | r matrix.
Thus, scaffolds al ¥ H?bﬁgﬁi@ﬁmt m gration
[foognd ahavhiege®fingitlon Adels Byathanbs ¢Ff rdntitapeh! k@ dimensional
matri x conponents and bi ol ogi cal nolecules specific to
scaffthé switabbufor Bigsueaanginesting baving p corteqtedimicy ang prasyeporous structure
. those objec .a ffold. i . r oVj | .
using PSRy PaimPenlR prde 4f GatoY ARogREER afoRR abtained by the

methdDstaBE pebakit inentio bAPRY theiggsadat i on rate to match
the rate of neotissue formation and it shoul d provide
a sufficient mechanical integrity to maintain the

predesigned ti rﬁ%cm 1 uld al so
be nontoxic to %QK?Q%?S il.ﬁg |ocon'§g}i®§6e) and _
[00%houlSdaffolslk tatev edtificiah sEuduntes wapdblecef supporimiguadihmeg-dimensional tissue
enhanced_cel | adhesi on, 25 gr.qwt m gration, and
formfioRo SEREPIAT GBS FPRRSFO o (RECTIIAe Xhe Rgect 4I5Sy i oy pyracellular
matfi®d&¥us, Pscafo1dd Odilowt Q84 lcell NRtacRAEAOImigfatiBAr £ndS igffving @MNcells and
I nportant aspect for tissue engineering scaffolds. It

synthegis b extraskbinlar imatniry pempenentst andi kiglogivat meldcnles specifefethe tissue

rrgb G B oAty Bl AR peiond el RERhaR ieh porosity
and’y b o Eﬁfwﬁﬁ@ adligh Bin€fertd, bifleginpatsili(yc propee deigradaion rate to match
ro

[ | asts, vascul ar snooth rmuscl e cel Jé"{sf and . .
the gte of\aeatisiug rfoapaticiepnchit shopld Biovids $§piigient mechanical integrity to

LA P P B 38 e s

biodoziglatible@nd shoyld Jusitivelydintetadt. with cells inch@iirg effiapsedecell adhesion,

ol e @eten i prey AvishBa (e P01 bR, Papial s p30-
2

40)‘V\D 2008/ 069761 PCT/ SG2007/ 000415

[004] The control of pore size is an important aspect for tissue engineering scaffolds. It
has been shown in numerous studies that different pore sizes have different interactions for
different cell types. One example to illustrate is a study done on the response of three cell
types (canine dermal fibroblasts, vascular smooth muscle cells, and microvascular epithelial
cells) to porous poly(L-lactic acid) scaffolds with four pore size distribution (<38, 38-63, 63-
106, and 106-150 pm) (Zeltinger, J., Sherwood, J.K. et al., 2001, Tissue Engineering, vol.7,
1n0.5, p.557-572). Vascular smooth muscle cells displayed higher cell proliferation and
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extracellular matrix synthesis for |arger pore sizes
(106-150 m). Wiile, endothelial cells show a
w@e@BesErce for pores |ess than 38m form ng aPCT/SG2007/000415
connected multicellular limng. [005] In addition, it
r S
extel SR M iR RE by pRR0GAE, (X BOSEF WL, endothelil cells
shovap pfefetanca)fos pofesilesetifanBuue farslihg gromtcated mﬂaltweihﬂae lining,

egeper ize 5.ra 380.t0.405 m
1005] gl BGH it P GeRESsneRieaRtEn i ndeSizes s epiohr different
tlssugr&iéﬁ‘keﬁﬂgJ é?ﬂcﬁﬁ&fs F&def?e%gvé BelB & with 84 tiBAW BEBRration, a pore size
formation. Therefore, is inmportant for scaffold

rangg ajfr38@ato| 4@5 um;isnxequ@gi fQj‘ dhenduorries gné rog@pblasts 186 to 200 um for
ﬁbro&aﬂaﬁf iﬁﬂﬁggp &od‘ 11%17« Bt %Lf{))l%{l)ag% i]%er{ef:gr f is \anortant for scaffold

fabriebigd g tochmihentd B¢ abliefth af€itd tHrbs 8ingerid@bN@ED) Beaffolds of a range of
|1cations. 10 [006] The creation of such scaffolds,

contwllzﬂ neashp ek meroraoresjiiesde allpw sygopigdina for diffsrent tissue engineering
applp‘}i Qses, has been one of the major challenges in

I'SSueé engi neering. Fabrication techniques nust
[006@r ovilie drédtiea bieyLa:IhsScaffoIdepWﬂthl confiidx vecmen e dbi Cisardregeneration

nposition (nmto cm size, orientatjon_and
PUDORRST BREDHERESH the WJ%&P@?ngﬁ%lncthS&% enangeging; Fagisation techniques
mus’r R/fﬁ@ttﬁre%gHM§ 8?‘5019{0 ? i % ?Jllc?%@lh%é/s&%i{ g‘%xglgto cm), (b) size

xture an por05|ty grr
onenétmmnn Md\ﬁurﬁcadhemﬂﬁsy Sﬁporﬁs wwd cha@6dls fqn. tis8@ dgjowth@@]dreds of pm)

o PG s o3RI B, LS. . A

Sc1ﬁﬁﬂh%ﬂ5 @3h &) particul ate | eaching, fiber bonding,

solvenf casti'ng, nmenbrane. |am nation, nelt nolding,
[007gas Mq:tmsqgff@ld@l uprideasdmpEp s andi f@ht)lssummnefrnngmmes are fabricated

by Cgltg ; h 8?3& e%h(%(#s (;n h%g%ll {erigtch}nhe ng l?él}fdgn éol%glg%ragéng, membrane

lamihgiog endoH®IdThE " @St fotifingl@8 , phiase sepaliion). H®weaRdtheRCmethods are
Qre size, geonetry and connectivity in different
limifedy iy ghaiy theHetpicaly oBeRehn FGRTRES viEith WIS apacerarchitectures and

homé%g us ﬁlorog'tﬁﬁﬂ.ﬁes Ke: tﬁe ?‘ﬁ&o %nd mfgxggére dibs %‘é@metry and connectivity

I neering, si nc
in ddfeadrit dhytss af dlesaqaﬁ‘okiechmm bes mllammtroﬂexi (%amgnﬂ ﬁLeong, -F. et al,,

2008 S hnben ol LR S st R e supposed t
repmenﬁ%ﬁsrﬁy& &M&ﬁﬁpﬁ@u@ ke Bbfe, FRARagY sktihfah& re%Hhabé’é{ &tSch do not
are 25 structured dependlng on their special

norrmedu}ydta\fgra C@mpl@té Ihomogersons st balt eregn@dm oildifferenh kyers which are

ent..l ayer artifi ds .al s eed to
stru rgg %{gge%db%ké tﬁ%wec;(al ﬁ%}%@f‘ ﬂ FOREES W g)ﬁ(lf}l atg growing in these
diffepdnt Ui, Cartihitiah sefRVdsdglso ﬁé’écb/tooggvﬁi%eﬁicﬁlzﬁc difplex stra€ure and not
or one specific texture. [008 pi d prototypl ng )é@FiP)
gxgpre

onlyjagstychuse whichpeetides guy 0@%@@@1 rPOrh&Z ¢ SORS SPESIFH

ont [
oo i BBOHH 549 A% <528 808P b Sy of compus
contful de dnglesh@aridCADIpid @b bienakéN efvahtiaed idilﬁensmnal demgns from
virtual horlzontal t wo- di nensj onal cross-sections an

compifghaideddesian €AR). drpsiormsthemointq i yirdal; ahorgzsa@wq;ﬁl@lenswnal
cross- Q%/zﬁf)n cffhe[‘l ag& ch léms se&gﬁ ih E)'h?ﬁceﬁ' &:‘SIOHQ?A er after the next
nodel 1s e

I IS onal ayers e
untilnthel thregrdim dnsiodeldmb del s ﬁmsh&c‘s Theyeatn®- dmmnhynai mﬁyers can be made and

entlally Li u,
bonc%gﬂt‘guprgy@uﬁ nla ) l%){qu,y ogmseql@nh&llf}i g&ml ég y . Sm Leu M.C., 2002,
Computers in Industry, vol.48, p.181-197).
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WD 2008/ 069761 PCT/ SG2007/ 000415 3 [009] However,
comonly used RP net hods such as Fused Deposition
wor@eeatgl (FDV) and Sel ective Laser Sinteri ngp@¢BE&®007/000415
require el evated processing tenperatures and this
i . g ¢ ] o
1009} o'y e S hpitbly ks kP EAGAS uch SR E G ERAGHAbdts FDM)
and Seib¢tareal asbr Sinferingt (SAB) regRR0 2]eviMat] ero@bsnStangpec@udndnd this limits
.Engineering C 5 vol.20,. p.35-42 scribe a rapi
thein PRI g pronees TP RSB G BB GO B D HGe PATEOREhod
[0107S QRGS TeY. WHitard, F.9AM dieIPEIRDY Mated1€RicAcS @hd tEi¥eering C,
is dispensed into a nedium and subsequent reaction

vol.20apsSést2) KlesasibleLnt tapid protosydinglimethodragmpeistigrbippletting. This method is
.di spensed path. The drogel..scaffol d .obtajned was

carrig RRERS S Pera 0B, whEEY i ar f i Dbcudb A dutid subsequent

reactdPcduResl@RGoRiti®aRo RElidiSy Sat RehiMits idpehsedtReINTHY ﬂ%'&hé gel scaffold

spaci ng the di spensed sol ution path. However, surface
obtaingd ryasrsypesayently fraeen #nst fregreeiried dMacrapores afsdG0hie 1000 um can be

0 I £ SKi: e
creatgg ?‘?gié gﬁﬁs[ 8@10%&@§ zt?y %S:ﬂ:%ﬁ% zglrl]% %1%%11&& Ecgﬁtl&i ’Z%B)?, However, surface
micrbpdreityatvas adt ehiserved @t alh /s the 26agalatiod Proddesaduallg ferms a skin at the
systemterned nmulti-nozzle deposition manufacturing:
surfaCRDM) which is used to fabricate tissue engineered
caf f e rd ' : :
(011520, YahoT- pRbnBRaTet o (2635, AUHELREPARRS 18167 $10623.2608) describe o
systethi S@raredeshultiinezzlo depoaitivar mbhnufectering (DM twidEh undeed & fabricate

. C. The caffol d S suybseguent free ried.t
tissug GPEPRCTN SPHTLUT B DREE Qg B0 b state (LE) pariits pave been added

to PLEAPR &bR&R: anH"@isﬁ&ﬁécPPr%%&%ﬁ%@Fa%rE $n?ROtheft QR Wider 0 °C. The
whil e the m cropores are about gm The scaffolds :

scaffolst wian sebsequantly Seeens driehtsr elsfainf anr iatetenmnoeted porous giructure at room

i bes, th f f
ey i T B bR b G WS ot 5 o

The ¥dafolisabeitdiedoniprizz efcdperel befndoM driRdtatibheezi ng
t enper at ures an sol vents can be used to cont

r ol )
[012hor obiSt 9-39RS 74 Bedessribes the cpapdrctare. qhscaffnlds by easting polymer
' the: di i 1 CLO €Sieh S

soluff] b Shids WECH £ Tt Boily ol FEE WL TSR Bhneratures and
solvénteem hguselltb Aostelf forddty okl darhéter efitnigrop@ss. tThesabflggite orientate

sizes from5{0 to 100 can, be . obtai.ned. However, . .
the A RRERRBHOTE NAIT) COBioIaIrR By At B8 ¢ ety dradiont during
freezSHTEMST O NRA SR JrOdiffSreRD p¥bokities YpSRMiZRITHRCS® to 100 pm) can be

features. This nethod does also not allow fabrication
obtaiged.sldawéardfor thiawnethodiitfwidrendiffivult topweate diree dimaerisinmgl scaffolds

...and si.z within a scaffold. .[013].Since.there .is.a
with JfoBliFeEmAo buPore TRin, Pifiod dosi st b eich of scaffolds
havif@PEifRednt Hiérdpre driehiali6hs ARt Svithi€a k@dRld.ed to
rovi de such scaffolds. 30 SUMWARY OF THE | NVENTI ON

[013f014§3in|cﬁ there israsderaanslder sqafleldsrihexingta ¢ompex pueror end macrostructure
' ted t et rl.GatknNg a three
furthgxil ﬁﬁgﬁigﬁ%ﬁrgﬁe%a ftgﬁgovgcgel {uggrgééa é‘?sr']t I Sssue-engi neeri ng
having a controlled m croporous and nacroporous

structure using cryogenic prototyping conprising:

J SUK’II\%ARY O% THE I\{\PVEI% TIOE{P J
[014] In a first aspect the present invention is directed to a method of fabricating a three
dimensional scaffold suitable for tissue-engineering having a controlled microporous and

macroporous structure using cryogenic prototyping comprising:
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WD 2008/ 069761 PCT/ S&007/ 000415 4 a) dispensing a
first polymer solution in one direction into a

WO easneon chanber to forma first |ane; wherkCTSGH007/000415

first polymer solution conprises a first polynmer and a

IR er%%%z? Blst po t151t11%1 51‘?@&1&% 9&%‘9%%5%1{53 hgmber to form a
irs eratar "ow t he reez
porﬁrﬁttlamfe the first soI vent b) di spenS| ng a second

pol ymer solutjon into the.reaction c to f

D et e P S S R8T Bt sotvent
COUPIR&8inathS %mn Rﬂhhfﬁ%xf h&8 fsSRAPRFhtuOVNER s alBr below the
wherein the second pol ymer solution i's di spensed such
that'ﬁﬁ@ﬂﬁﬁmmﬁwfﬁ st splveatir anged next to the first

ne in.th nient ati r.st
afRgetife € SRR MR Srbih Mo 'S i hERGrAR form o sccond
V\:hﬁ{ne; n the reaction chanber has a second tenperature,
wherein the second tenperature is the sane or
di f f eviieinithe seqomd olymer soBkiRsr canuréseas seernyl pefyiner pad a second
at org, vERt: bel ow t he freezing point of the second
soIven% dnd c) dispensing further polyner solutions
into \tfllibftelhe(hetslemndqbtﬂjm’ﬁef sdlytidre ﬁteaispétgeditsﬁﬂs tI&} théBgtond lane is
to formfurther lanes in a first plane;
r epeaﬁrtaﬁgr%t% do the firgf laye mthe same pripataen Fsa‘i]i‘é dirstdang and being in
next wheg some of the lanes in the
next(%kg%gwgPe |h§t%%?g%bﬁﬁﬁgﬁ the -l anes of 20 the
fir Sth}tﬂrainetheel)eactiameahdmt@r dtaspa dcdnd femiperaure, wherein the second

three di me SI 0 scaf f conpri Si di fferent anes
of  IGHRS © 6% e SETPREPIL Bp (st GEP S boRE ARt s at or

any OJelo%trﬁﬂanr&)zm% Potht of (1 RedndRIvenplasi ons are
di spensed such t macr opor es of the controlled

Oaradtspmsmgj@lrté\mr n@mr:e seivtgonsripte e reaxsion )chawhevbniepeniing steps a)
sol ve he three {Teln5| onal scaffold so

ob?él %%%efkmg R %ct the present

d) nlf@ﬁiﬁr@bwj@ Aitd e &6kni ﬁ;rmemﬁhbsnﬂl Hiext phamecating a

t hree di nensional scaffold suitable for

ti 5suBhesrigiah ket segerdthalgnes iadhe et plaesreinontacwith the lanes of

MACT QROFAYS) ructure using cryogenic prototyping
conpri si ng. Eﬁ% di spensing multiple threads or drops of

ey fapestingpstéry dpto foodut those-dintensianal saafifold comphismigatifferent planes of
to for ane; _wherein the first polymer

sol s @ﬁmgéh%?ﬂ}%&gyrgeqqo MO, yrer and a first

sol veereinHeng oF &R £eRCd) @R ﬁd??xﬁ&e§olﬁ%saarg'cﬁ§ensed such that

tenperature which is at” or "bel
macropores of the controlled macroporous structure are created;

f) removing the solvents from the three-dimensional scaffold so obtained.

[015] In another aspect, the present invention is directed to a method of fabricating a
three dimensional scaffold suitable for tissue-engineering having a controlled micro- and

macroporous structure using cryogenic prototyping comprising:

a) dispensing multiple threads or drops of a first polymer solution into a reaction
chamber to form a first plane;
wherein the first polymer solution comprises a first polymer and a first solvent;
wherein the reaction chamber has a first temperature which is at or below the

freezing point of the first solvent;
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freezing point of the first solvent; W 2008/ 069761
PCT/ S&007/ 000415 5 b) dispensing nmultiple threads or
waele@p®6wbl a second pol yner solution into the rPesSGENT000415
chanber to forma second plane; wherein the second
o . r . .
e O o £ SOA AT scArfiato the reaction
dr chambardo forncasecand phanesh t he deposited threads or

drops _pof the first ane but..are laterally shifted in

ang” v 65 sayes PAEREL PN i EatoB gl o 2 second
formgmvdnpe first plane when they are dispensed into

the reaction chanber; wherein the reaction chanber

has avheesribe seqppdthicadeor dieps armin ¢ratach gdidthe rigposited threads or
t enpe i ry di fr i

| emmci bk S A0 o U AR et o

poi ntthedad$ bedoes Githis@thecist plane dhemp dregiang dispérsed iro the reaction
t hr eads %r drops of a third polyner solution into the

r eact$8MbeEhanber to forma third plane; wherein the
t hir i i hi A d
b CHASHATH ALy RIS SR AN IR e scon

ar e itemperatwae is the sdme bediftepas iftoedtheHirgtadmpenture polosg @b it is at or
the second plane but are laterall hifted in any

dir eclf"ﬁ%‘ﬁ ﬂWPJ‘%‘?fZF’&HS’é@tOflﬂbe sep %?é%“é’g’i ted threads or
?Lg&%e&fin% RRufip1E ShreRdLHE VR it Dedir@pBlydies RBNARE ik fhe reaction

reacti on chan‘oer in the sane direction as the
f i chamipdrdm&grm svthéndailanet he reacti on chanber has a third

t enper at ur wierein the.third 20 te rature i s the .
o SR e P PSR PP PRt DR SabAg and o Fd solvent
t enpefBRdreinethdSthird @NM@Gad@Sot Hrops =8¢ i lcoMatiowith e dep@bd Ghreads or
point of the third solvent; d) dispensing further

t hr eadrepHef Bhespepndiplas Buisre gty gﬂﬁeq HY @yt digection with respect to
t.j f 1] . ‘
G+ opcnEe ORI Bired d or iR ot i ST SRtk SRE A AMed into the

scaf feheljonZhamber iaithe sdnee diecctiopas thedirsttplaret ur e of the

scaffo]d js defined by controlling wjthin one plane .
The VAT 8 reion o S ERS B S niEPPPREC, feEgy the third

or drt@ﬂ@eﬁa&r@%ﬁleostaﬂﬁer or AIRRFSE Brobh e ikt ARPEOSTond temperature as
structure of the scaffold is defined by controlling

the loegpeitas atroe belowt the fircezing pomt ofdwettaird sdieent;
T R T T S —
t hEger dhiiRaSplandl b Gapdling. stbfy18] té re)aobbiain @sPette-dimensional
the present 1nvention is directed to the use of a
meserd®ldiccor di ng
wherein the macroporous structure of the scaffold is defined by controlling within one
plane the distance of at least some of the multiple threads or drops to each other;
wherein the microporous structure of the scaffold is defined by controlling the
temperature of the reaction chamber when dispensing the polymer solutions into the
reaction chamber; and
e) removing the solvent of the three-dimensional scaffold.
[016] In another aspect, the present invention is directed to the use of a method according
to the present invention for the manufacture of scaffolds for tissue engineering.
[017] In still another aspect, the present invention is directed to a scaffold obtained by a

method according to the present invention.
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to the present invention for the manufacture of

scaffolds for tissue engineering. [017] In still
wa@pwslherr6anspect, the present invention is direRPtENGL007/000415

scaffol d obtained by a netdod according to the

present invention. WO 2008/ 069761 PCT/ SG2007/ 000415 6

BRI EF DESCRI PTI ON OF THE DRAW NGS [018] The invention

will be bettBRIEEdHESERIﬂH@NiOFEﬂ:HEﬂR:@WﬂNG&e

etai| ed descripfio when. consj de i n conjuncti,. ..
(011 1 TOR TSRO P e 85 B SO ARG it GRtFGPS dsscrption
heﬁir WfdgRd e H}?hﬂﬁon[@i}tﬁ]thg | 1tbn- ﬁmftﬁ%"‘@xﬁnp‘i@ 8RR ithE accompanymg
ustration of the main principles of the cryogenic
dravpngst,myvbwhg process which is based on phase separati on

d .
10199 " T8 of REOBF g ey B0t Bp o g BUEHERS e cmvosentc
protétyBing éﬁ&ée@mh%g)ased %ﬁ';ﬂﬁsé&éﬁéraﬁ&@b&b%@@ﬁ@lyﬁfer hAEsolvent to form

cool ed reaction chanber "15 and deposit the pol yner
the migrepdremn Th@ fqegintgmpe |os Pings tlﬁ@rq)smsiﬁé poqerding e theqrogriammed CAD
demgmﬁ Quet, tﬂe su tIo tF 68? uerafc é%lil G elSr e%c& 891’: t o@orfyr%r solution

ISt |ng

19 dohfeistag the l{ﬁ)lynﬁ)éiaﬁlﬁ the @arvahﬂ Ql'ponb@in‘tm WlﬂDihE@Efaed‘l df the reaction
sol vent takes place and the solvent starts to form

chargheysthg Srsh ane( of nelypr entution riesytarting tter frpezee iiny, phase separation
. r Y
AFISBEETAN, I, GEOPYEREhd NELEEY Shk S B, crstals 12

(trarisparent cones)s pdiee froering) phesy segalayiot ﬁ&cdﬁpleue@ &h&ltl&: amy$thls have been
e mcro S n p the feedin

comaﬁ&iyffe ped &gdegwengo rvaﬁ!hm@fre %F SBRTS, ARV Scctipied by the

crys?a@ Hztll'l e ot HQ tﬁﬁ?oﬁokéssqn lafi& ¢ ‘Qfeﬁ' tﬁe FedBAE bRl ¥6 1s depositing a

fted manner above  the first Af ter  cont act
flll’thﬂl‘ tlzmet ﬁ@dmmollgmm tthet finst fane or ih ardeterablyshifted manner above

the ﬁ]g? Al IA%{] iy (;i)rr\ %s\ﬁgli’ zlie? ﬁgge%legr ya%tgfaotf 3.‘16 & ml%tieoﬁ]}e}gg %eparation takes
placs hag &rystals ‘ﬁ&h‘ﬁﬁ'ﬁﬁldth’é%h&:ﬁﬁﬁ Qirﬁhs‘pbﬂeht bnes)I by feg ttRe dbaﬁred shape is
freeze drgy to obtain the ready-to-use scaffold

obtajrgdthe $qg OECWHflzﬂ gojgtedtia f@gm@r&@dﬁ@t@m@éﬁ%%@mse scaffold 18.
In the@g%%lﬁ N3 Qﬂé ?ﬁaqﬁé Q&%]s 15' regen’? Hl% gk&' tal

appar at'us use Tanuf act ure t he
[02(ﬁcaf ﬂT(i)gdS ﬁoweradld@tal Qphiotugzrapht bﬁdh@fappdtretuprménm manufacture the

scaf%qll%ee |9 15% Elg?tg{: dgetﬁqtﬁvﬁégglsqggsgg‘? tirlg%ﬁgéllglt 1g0][26/'t Isl%r\]zvsoa schematic
illusErai APEPinG s&ﬁ@ﬁ?{?&aﬂs WHeCluiptnenf @R Oa 6985&HE clﬁe[n;i’d'& 1 which is

an external er at ed CI rcuI ator (Jul abo F83-H
coolh by coolent fomwrani @tezsalabﬁ“@etamedmmﬂmrrﬂ uhbo E BBd{IL)aﬂhn girculator is

ooe 3h i RAERE HhSiel A iR e e 48 200 gy s0 .
HovR®e %ﬂﬁ&h&eéq@mﬁaﬁ%&np&aﬂme% can R dé@%adaow Eﬁe@erpbﬁ@s The coolant

circulator is run t hough the cryogeni c chanber via the

front s ¢1f@‘14§¢qo€sfun theughythercryegenist ¢hambies vm thsesnodig pipes 4. Polymer

sl AT RS DL, 0 UG R I s o

nozAe {Ihmagteti cﬂ@ﬁcﬁ@@fz%ﬂsﬁ&@)e MvaRashs Sh@ﬁ@astdiﬂd@@ which is computer
controlled to nove in a rammed pat h. The nount ed

contpplled| te meNeein 3 ﬁrqgﬁqgnmeglpgﬂlz ,ng,ounted nozzle moves in the x and z axis
while the chamber moves in the y axis. The on and off control of dispensing and the

I'

dispensing pressure is controlled by the dispenser 2 (Musashi Super >x dispenser). The
dispenser is also computer controlled to control the dispensing of polymer. MuCAD software
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whil e the chanber noves in the y axis. The on and off
control of dispensing and the dispensing pressure is

weowsioal7bed by the di spenser 2 (Misashi Super PXI/SG2007/000415
di spenser). The dispenser is also conmputer controlled

o4 SO AT 1 s OBty s

to intdifaced ivstheths dispansihgtumét. X, y, z table, this is the

o] S IRt of e e b
fabrj%ﬁ%asatt ga?CES o anrf&Efnlﬁ%%dH xﬂ”(ﬁpﬂgn’@&%iﬁﬁﬂ&mor(r X)250 %) 25 °C at

ricated at -45 C at nHgni fication x45
magtifaatiomtf, qu)c-aﬁ i°6 at magﬁﬁcm)n X259, @) at °C st magpifiedtwarxddnand (f) -5

°C ol AR A0 R 75 u® Be S el g 45 °C he

mlcr%g@ﬂaihﬁ? IsGheti® 3ot toddmols bieRR JePparbtedpolinRBPeropk Ukeseparated from
out -45 C the mcroporous structure I's not

eachcether dheo @ggh@uthetsﬁlgec@éﬁgngerétup@(syﬁ@pg d”r@@@d g) ke more continuous the

micrtsoﬁﬁxg)g?tgt% f{%)g Oéne_s 1§ g raIso ‘5VIS1 t%ﬁ mfcpoe%%ﬁ{s oct{tﬁg Sross section

profil8©f chitésan Redfeilds PBFOEEK ab@t) OMB,S(b) ={0) (c)1-206dnﬂC(d§6 ITSJVG, however at
SEM m crographs of the cross section 10 profile of
magpificpbempl 508 f ol ds fabricated at (a) -45, (b) -30, (c)

[022] 0.22?n g 4(&11)%%%6%%?% %Sﬁﬁea?v S aetgélgﬁebgr&eﬁm&%) “45°C, () -

30 °Qy (h:)eS@Pﬁ‘,ganﬂE(d))e‘? %(1‘3 uSieslanto Fap. 3; Fig @ ddhnstrai®® tiyt a(stywer rate of
-20.C gg}i %mlar to Fig. 3, Filﬁ" 4 tion chamb

cooligmb o [ SEPRETS SBrSE e o RoH fgon pocgreaction chamber,

w111|r9§4‘:f5r’tr in! BRRE :?@réé r&d%ﬁfe%h?éé?ﬁro@l%éﬁ@@éh ael diﬂ%fenﬁ abptisit@ilanes. The

and reaction chanb result in larger pores
dottethtingrinrtbe SﬁtvégmcarogrenhSo@‘IEIeeﬁ IStHiecedlat therlama mtﬁ’éfmgs efedjfferent lanes

te SEM m crogr ap fo Fi
of gTee prelinpsa i) ARl e FeBe oo SRR S| o e iffernt
sectiohs REtNETBEa oD bitd MORS intMbeiRARdt Aaempatieebascboabyg -30 °C to
very poor at -45 C, the different sections of the
-5°Gcaffold are nore interconnected at tenperatures
et 0423
[023? anwglggl‘l .hatﬁ‘é ! ﬁlg Qeeg%lgétqgej Ir?gl eftu g’r%greh 43]s (iéé)ggl:tetﬁeﬁ @Hﬂ"e maintained
at a \ohitdie temaperatate B Subkequentdy, tthe pollyerep eairabej cepldd to a lower temperature

bsequent |y, the polynmer can b cool 9.,
T2 1?% o 8PS Polpanes PBItn S ése%f& @ rdg’f‘ ; hﬁ%‘ﬁent&e temperature
grad‘ij&@ Qgillt 64 d%réﬁt %R IBat & the ﬁi‘@ﬁ%ﬁs 14dee ThRREEIA W @ifferent rate of

gradient wll be different wth that of the previous
coolirgnfor 1ate lsamdshmb s whichdinfther a@aates nes with déiderentgicrepore sizes. By
n.turn crea

contyifipe i poe Song fud PolysB g v SR aLbir of the tiree-

dim&sidiAPsdafB]d) ufffdﬂgntobﬁtr@lrémo dRRRSdtie®an Ob oBtdidedrwifiiin the same
parts of the three- di mensional scaffold, different

constizmgt.-r ol | ed micro architecture can be obta| ned within

he con t le.H. Q. [
o0 A A ek I BRI s s
in FRNOW se¢dhdRh@e of@olyhé‘r%@ﬁﬁx@nhﬁd@o@ﬁem|a)%ﬁdnﬁ@inpéﬂaﬁme hlsove a first
tposl ted at a second tenperature above a first
lane of polymer solution which has been deposited at another temperature T1. The arrow
indicates the direction of movement of the feeding pipe 16. The opaque cones 13 indicate the
frozen solvent crystals in the first lane whereas the opaque cones in the second lane 14

indicate the solvent crystals just forming. 15 indicate the surface of the reaction chamber.



10

15

20

25

30

30 |l ane of pol ynmer solution which has been deposited

at another tenperature Ti. The arrow indicates the
walzoososdizon of nmovenent of the feeding pipe 16.PdTEG2007/000415

opaque cones 13 indicate th®e frozen solvent crystals

' f e .
1023g oo i BT K AR LB UkeCRIERE 18 diferature radient
whidlowill Bg credfed ibatiieoatthe pheicusrlimcadothe tuewly de;msﬂcdnlane (indicated by

chanmber. WO 2008/ 069761 PCT/S 007/ 4
an spfigjarrqw). fihg SEM giriuengxt tofheys af g 1 e §she dangsical picture
of aosfc?ffglﬁ ih %ﬁ:ﬂa{ ﬁ{eual?ecﬁﬁ %‘f%?}‘ haﬂ@ 'Jh'us % #i@68d6 orientation is
t revi ous ane an e newWy deposited | ane
indi¢dtediby atselid lalyowa’tﬂhe; big ubrasalidvdrrowEhie ]?EEI\Z‘]OMQQ indécateethe direction of

crysigl S50 SEIFROPcloe MAFPRH O dF SPOR gl HRpERes Tl hend 8. o

Fig. a?”&hcf f‘l‘éSZJf @%ﬂ[?lé’tﬁfh‘? 12864 %tp'ﬁdearbnl Sp DfieBéH 6@EEH different planes
arr ow. big non-solid arrows in Fig. 24 also

wheremd il ﬁt& 8tand Hig. r%‘bfnghn pisture)the danes agg piaead i rediphoriepdation next to
s _of the enbodinents illustrated in Fig.

t |lan
eaChY(’tg gﬂ §aﬁne;§%e 7 and Fig. 24 (left picture) the

[024]aneFigdr @ dhodsed AN sba}ﬂol@fd& h wathh éfternal dhdrinelserMo fabricate this
| anes” whereas in Fig. Fig. 24 (right plcture)[
scaffé, thaféd dessgrpisabier into ﬂéﬁﬁeéﬁ (Fég. iSeghi Dicpreh ixge deposited plane by

0
plan%,_l\lblghe 3 FS? 5 |a§ h tg&&te& %{Tﬁ ?H bt pl!]igﬁui'e r{clr%ee: Pght ﬁcﬁp@&sﬁg 9 one can
see @ rat tabiesdnld 6f t}SaCRﬁésOB(OB i hq;lﬁ%[hréeﬁtlegnphed telfomc&paces/gaps 301
into 4 layers (Fig. 9 right pict

t d
- whigh dgier fopm’the apreroneresig heepidolgs %fgwras‘?’ﬁ'a'fﬁewg Qﬁs fogjs sgrtion of a

scaffSli ¢KD REG W)a th% olgﬁx% r {en@e Pés@ﬁth'& &ifff cifcled: DYe &'\&position path,

can see t SONe o the lanes 302 in a
tempd:ratmee egra&henns eY]i‘llTrﬂ; AT fand nA"E@"E&: as¢ gaqaecd3 0N T1Whi AR3T4 are the

| ater formthe, macropores i affold. Figur.
tempergtice gladic 'fsg:begwgeéxcltaﬁ nc?egpmﬁo& 3 g@ Gk 7 0 Wagee A djfﬂ‘grent planes.
AT R thhBe PREMIMBRediRNqR dx8)r83BO LM Wid &e@bi’cfbh&ﬁ/er Bl$pace (internal

to deposition path, tenperature gradients AT1T2,

chagpdT40 amdhia REEEPLy @hege S 0@ CCONEIER WA RISy 118 2 ﬁ)}p@e The temperature
graci,} 'mlgatg Wit 1sgc!L%qé i on?a%‘i W?tg'}]f’l% g&gﬁl ﬁa@g%bglhé)(b fsact angle 90°). As

zcoordinates in anes
seerl i tHRESERL Ri@bgrdpliss ahd ﬁﬁmbpomwa&) oﬁmtemen kteendisection of temperature

el EE L0 v SEBIRE P R QP d0enehy o ot channels
shobyfi R ElcP ()Utre %eggﬁgﬁ@ﬁqa&@ngoﬂo{]@&m(c%ﬁw ts is due to the

conta r I'ane beside (contact angle
[0270) . HAg. 115 e]mws thet ﬁ&cSEMchmb@gEmphlSlrurt log micconspesigs for chitosan

iented in th ectjon of .t erat ure
scaf G B Emerafiet ROt ROV Sk VD Waksech Cljfosan/acetic acid
soldtﬁhQﬁﬂ%athe chefiee bhandtt® wepé €9,n24, sbandels oC.shexbé Bbserved that with
10 represent the nacroporous structure. [027

1nc1i¢a51®dmheh tengfefatute anfl dehesating Afle lqyeqralom @zemare oL’ta ined. Pore sizes

o SRS 67 Sl R SR8 B p By e e

temﬁ&'ah@é%aﬁéﬁcﬂ‘sltﬁ 3@ dAt 30 et ithe ml&bgoﬁefﬁzd ﬁ;aﬂiduo 60 um whereas the
anber were -5, -25, -30 and -45 It can be

mlcm;oecr gigg at hA3 °G iSHAboih 73 ciBi hhe @reraiR Poteefipe i tsagirgh from SEM
decr aS|n T

micfERER P, L preh ML AROLE SRERCFiSR] Rt RPEISMERRLY, E0L). 5

med2btenicnachrdyakien Grigmstengol Mecredrapiizeger temperature sample. The average and

standard deviation is then calculated, the standard deviation (SD) bar can be seen in the

graph. For -45 °C, SD= 4.3, -30 °C, SD=3.2, -25 °C, SD= 1.1, -5 °C, SD=8.6.
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tenperatures from-45to -5C. At -30 C the mcropore
size is about 60 m whereas the 30 m cropore size at

WO 28869761 about 73 m The average pore size i SPAERG0B000415
from SEM m crographs using the provided software

[0283M | /i BYV ok Imlér%%a% n‘g cro#ggcétlon le OF;f PLA scaffolds

asurenments are taken 3°nunbers of mcrog p
fabricetepat () uft asdiipl-€0 “That magniBeptionnd x580.dhdar be seen that at the same

R IS T L G 15 o
comfPardd to Mtdsan SbdFroRds2 ThisZan Be aBlbutéd 2o waker Gavieba Belfer 1064t heat of

12008/ 069761 PCT/ SG2007/ 000415 9 [028] Fig. 13 shows
fusigE(A3di @ﬂiﬂ@ raamglp@fedcmo@gxag@c(ﬂﬂb kIfkebfA$ svatsr g A higher latent heat,

Y I L TR A—

will tsiecd lopgercthasiier whefme E:Edtigé &o @014(5 stede, asPdoﬁlrﬁﬁe’iif foodifgane. This will
have smal | er nicropores (- as onpared to

resultip hestrmataorr elolasger croﬁra},s anﬁvq&%r biged Salyre ayStemy ks shows that tho
kd/ k
o B AI0 LS, Mgl S TR, 0 )

[0291] at eﬁig Ndahows I8N niieigrdphs of BLAembsisicaﬁ‘efdoﬂhbnd:etted (a) with needle
e sane chanb

. es to oI|d st ate.

dlan% qB)sz m@@ £31 0.6 wpapy a&rawécarleﬁ geb apd & Wl&h negdlegiamgter 0.2 mm
0 t i

and EAR09 S0 Aol BB BABOPRAE I Lol PURRF o(HHeNd having o grid

pattmtaerknbwsenl tbeoplwnart ssestionmexaipls oW, Kivang, Zheet al., 2003, supra).

Fi qlr ZB’% gtgtscnasomlu ce the

lguﬁ? ClIpe PHUCIUe SPPBR i F1802D29] Fig. 14 shows

[030PEM migkr o5 andFigd. 2-A WBS M sheké of d:pt@hiésfgﬁt @fj‘a(b%)ar design for

with needle dianeter 0.3 nmm and

esopigat] fivoimt pesincDEmdl Mg, 1Gh Rusod Geislapiatenoph 2f e chitosan
scaf%ﬂcgo%ﬁ'lgh PSa faBH}:ateci \xngQgAf)'d% tglqoéhﬁdnﬁ}%?%}@oq%gsé s%cfho% chitosan

oW a sca avi ng-a gri rn a
scaffoldst shewing Orteraslt mé&ea:ﬁaﬁnelexamlﬁﬂani‘éﬂjpordélty 2 ohthis anffold (c) at

et. al é?OS%}b@z(udS f{qures 14 a_and b reflect the
magaificaqn 9 ¢ preguifisgon qEx 1093} Fig. 4 Se themagrgpores (grooves
and Elﬁﬁﬁels)zgarﬁbég&nbwﬁliaﬁ"éf?e oﬁﬁgrﬂﬁﬁ' 41 douEH Byl Qéagfé)?(ﬁ b@thdicated in

for esophageal tissue neering an
Fig. Ebadli 4 ¢ highphmaggirﬁapﬂnom(xmﬂer i16d) ame cm:mefthd: mlc;tfopEnogs structure
l15a.fabri.c CAD de31 of .
(ndigp B RS ol Bo o v omieR Bie Rt 5P aTyrigr threads which

form @660 &6 ARl pore’ 0.8 T0cGheR9h @Fdsh Ee&én‘?ﬁusttﬁhﬁg the dispension path
scaffold, (c) at mmgnification of x35 and (d)

for arpegiiaT ofdhe sesifold whirhos similartagthe 25w mar&edn;adh@ pf@taeagle in Fig. 29b.

[0311?{)8%}@6&” d%ﬁﬁsd R %osg]g g?x]?g?tbﬁgc?? ok aP é%e"’s”ﬁf RN scaffold

fabnEatgd Hha4s5 AC, @a)hatgbay Iragai fdedilol oY (mlﬁoDaflégandliﬁl)tosan scaffold
can see the m croporous structure (indicate

fabﬂé%éﬁiq@il 2r'G ()15 T 41445 Saschioayands) ot D Griiv é@ed;p_g) The dotted lines
show gﬁe Ef%hydfe ellt Hi%ﬁ@ﬁﬁ)nv\@ ?shthe]c é%E‘l ﬁr qB {%ﬁs %ﬁé&?otroethe scaffold

C sShows a cross sec ratin
surfad:e,s pe rwamplepaiﬂlsorﬁa) of ahe eelld Ommhf hzi\melrﬁi(ttazitéd) |1ﬁtoV\ﬂhb odeaffold. Cell

simlar to rked in the rectangle in Fig
infiltsgion 98 %o gprg) thy achiliss %PWEYFF fircihe geabid wih est pore size
S
(mlclgp%%égggeat %Dggﬁ éﬁiig%l ¥(§ gztgg Idzg anﬂ qb%VE %lggt%ﬁ% aﬁ% Tt%an also be
obsenwidt thatathe sacl§ faod dligned in the channels of the scaffolds This data shows that
micropore size and orientation of the scaffolds can be used to influence cell infiltration and

orientation.
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fabricated at -5 C, (c) at Day 3 after seeding and (d)

at Day 6 after seeding. The dotted lines show the
wae®@aoasecel | infiltration. S is the scaffol d, PADSGHO7/000415

cells attached to the scaffield surface, 11 exanples

0829 47" 580 bl 18 ALY L8R Bt e e, on
(a) ss as‘cﬁﬁd)ldSwhivhvvﬁm@vs célhﬂart Ingiltgatvhl addl bWoﬁhchﬂ]ﬂzg&l’s wﬁhm (b) C45
(m cropore siz ¢ and

scafpldS: s%xowaxgereﬁmlw P’éﬁ%&%@@%’éﬁaﬂgv althes aﬁ?%lé SBéface (&) dapite of C5
scaffaﬁg%g}ggg? th]t%lt v&sgﬁa%{aiaéelﬁr aftl i amgsme ol a5 whied is highly

ta m cropore size
vascalad awd celhflat Adintakdn &thﬁagnﬁxfatloh o$ x40 fb&Eus&}ﬂitstsbow that at 4 weeks,

B, CELL bRIELLY R Lo O CORLSBNAL 000 s

caffolcg ht1 FhGEEAS RS wthinie s'%bﬁbmectzs iﬂd‘i’&?esoélo% rehﬁnbﬁesawlthm the
4 weeks, on (a) C5 scaffold which shows cellular

scaffoid aid thet armw datglad) witl (Baghiomisthe élgckcaesm phthe( Q.apsm esurroundmg the

st GO S5 PR 506 FEbA i 0Pt} Bl bf 814 Ho1d tong
the aél?gsm pbies fwmﬁe yase 8r nﬁmltml hué@rsc@msaﬁs]) cERRRY |b% dbkerved for

scaffold which is hi 5 vascul ar and cel |l ul ar.

the G} rscaffﬁm Bleodreapilidries gen gﬁ sesi laaﬁbmtlnm&leorael?ﬁmtthe sqablpld (with red
I
blooﬁ E:glté éfe]\%@ e%osfhtlé% %ﬁ&eﬂ@di@i #41% lrl Zé ? I%%{Hgﬁﬁ%tll)op 1%restncted to

about 1200 C;.alﬁ €oni te susiaaé 60thd, scélfold ndd cladre sveeehd lovidt dapillatibe observed
scaffold, C2 indicates_bl god caa*fkewrl es withint
n@@

withiny: thersgpidoldn §histran herabrigd dp dhe & ﬁawsﬂ%q%é)ththe scaffolds, it
can %e KR &fis g{_) oggee(r:@ﬁé Wi 5E0HOMRAd{sNguE g)gttélc Fbd Qsl:lﬂllar infiltration

can d to have 1nfiltrat the wh
vasculansdftms:ﬁthﬁsdaffeldscaffol d along 10 the al i gned pores

053] o P T B o e P 2 AR L 0% xptans
at 4 GRdRks,| & | (a?5053 aéurked s@ch sHdhisl doliabéd aeﬁdamwgmmh tﬂ)ec45 scaffolds
scaffold (wWith red blood cells). However, for th

c45
shovsing SewE dgount of pallagep Hepasis.| Collagenavsicapyude PHFF) i@ scaffold (@) C45
st B2 PF s PO R R B A e P i g or oo,

indissitdshhdsdalifelds G2f ihdicakes Blvood capillals iatlid ¢cdpwiledhe arrbvdabeled with C3
di fference in _pore sizes of the scaffaq

shovgke theerickingss of Hae |capa%¢ spePEding éheoﬁcag“@?%rﬁn Cﬁu&ﬁwates collagen
dep%ﬁéci H tHeDdca ci %ngr] h%i %&p&l&lg%{slﬁgsn\sd{@gﬁ QakBRL IFRR tﬁé C5 scaffold

sca fo m cr ogr a
(Figuode Ms an'is dbsam/hd oitret svBagesdiss He;dmﬁed)fthmnghwtt ﬁle st¢aftplds. The

oSS 2 s ot e ot

As BFRENE49T RN gg%ﬂréj@ Sisbifie tiaBld SO8NRIEEN ‘éé‘iﬁ)%ki'o%sé}%d within the
(c) C5 scaffol C45° 20 scaffold which is al so

scaffoldyfbiuy nodsioubesh abendeate wh asompardd dertbe t Gk exeaffold. Higher cellular

t 00.,. S di cat th fold
infI TR o 48C LRG58 TR Ot PG TRt RGE deRertgg g seen from
Figuk&PE8(©Cand (dh), 168 cadupuastor BethtsahEsas SBowhlibhel 6i@idsdsl of collagen and
surroundlng the scaffold and C4 indicates col | agen

are}uéﬁmﬂhdar in the scaffold and in the capsul e

[0341[;;; B! Ig. Is%osvh? gﬁf/ 121 dg ?%r%:hsg g{ﬁ{% a1f1% ﬁ{e%g)k?)é%}gﬂs %'Ig%veeks, on

S 0
(a) Chreeuffblautvhidhestasaf telluds: infitgation and blood capillaries within, (b) C45

scaffolds showing restriction of cellular infiltration at the scaffold surface, (c) capsule of C5

scaffold which is vascular and cellular and (d) capsule of C45 scaffold which is vascular and
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25 m crograph al so shows that the collagen is

deposited along the aligned pores of the scaffold. As
WO 0080686 1CAS5 scaffold (Figure 18b), sone traceBCD$G2007/000415

col l agen can be observed within the scaffold but not

cellu.;ﬁr}g%gﬁgl%ee b# nf%ﬂﬁfcaﬁ‘ n )%g)t%lr gﬁncilgatés{qtﬁ g’%%‘fo?@f(?]? n]q C1:ates cells within

the doaffuld; €I thdicatss ﬂheq)o@mlohaﬁelﬂobxis |cm@11aieqssomthmdtheﬁs&aﬁeldnand in the
from_ Figures 18(c¢c) . nd ( ), the capsules_for bot ‘
capsyle gl ha SroMolaLeks ave o thigkhess glefhedagsy q%éﬂ%?‘aldmg the -

scaﬂ%}cﬂ ufaf Hﬂfﬂ{rgﬁ 1} &agl otﬂ:lg'ed %Igoﬁé}fb‘{}@tﬂe sgﬁ‘ftfolH‘aﬁfn%gﬁélﬂl%ed pores
0 S es o (a)

st al ne [ ants at 8 weeks,
of thescsifalfif(Figl 18h). Hloah oamllarmb Icail a}smhwfouselrvad it® havgmplermeated though

ST S O T e -

also %ﬁ\[(fha{%ﬁmef €200 ARY Uchﬁl tat SRplasedfaf @l Wedl &hsdeh mqﬁ%weal@(b) C45
and cellular and (d) capsule of C45 scaffol d whic

scaffpldscalsarshawdsiindap @0 lexsmf‘dmammm@@owmm% to the surface of the

sca; oﬁc{j{ﬁ’élg\iarrgél%ﬂn Erérggie 39@ (ﬁb&l ca 'ﬁ‘la(t) é eixc?agjgule tﬁhickness of the C45

scaffolt ?‘S@f 8} Bas GRol dedicagdde Masoen’ @Oﬁidht(ﬁﬂe @faiyl @06hls more collagen
capillaries within the scaffold and in the capsule

depcaﬁ@nt ineCarseafiplinpe cempaiet o 634% (iRs 20hat 8 Hyedkpewhichfis similar to
resuft!‘?bt?@@& Aﬁwg&roundl ng the scaffold. Cellular

i on can be observed throughout the scaffold

[0353l ongigd. M Blsugpeddpo rlnﬁstﬁtd)ﬁletlheanmﬁf b]latéreﬂ]%d sjuftécﬁ’aand “laterally
Bl ood capillaries can alsq b

IR Sl R
shiftgd iy dgeqtionu dor thissedimensipry! goa thregfacpﬂrgmg o claim
Fig. 91( Q%x(?v@st. th‘ég'é}rgp RR&IY Sﬁdﬁiﬁréﬁ? s&'ffohds Mﬁéﬁ' Hh@y p(ﬁ'ﬁ:ger lanes dispensed

ul ar so muc I nner (- t han
in dfffqnémrnlmesan a4p«m‘e¢as to a&:hs@her Whldﬁl Jgda‘@rafl]@( dhyftedC®g. 21 c-h) and

o BB PR o oS o Al o ot ot
whidhHk @8t Ritek@%y) shifte® (Adnl &) 3(91(ng1 aldndit. ‘@@’Slﬁdﬂ:@t‘és tﬁbadlrectlon seen
the capsul e thickness of the CAS5 10 scaffolds

in a fuec-dinzapsigael waeee it pnidlygrated iy therpogrdinae gysham miaﬂ@an@dle of Fig.
21. fgr'a%o F‘?lglee 528 Q/Pe%' (gﬂ Q%ﬁé@olﬁ)}f}%ﬁgg ];quélj.%lﬁg‘?oc?glp@fo%dews of a

8 wee
scaffold Ul Thais Otih@ralBd s}ﬁfted?’ weeks thaf @36 Jthifehd .or Zitolb of Spd)ﬂ)jan&esblution is

stagéq?gi !gf!a Fr}eépaetc’gmt z;]r{%é]gp?’atﬂrl gcgg)r é]lfoplaagbﬁ{ﬁa{lralt%o%% tf P c. other words a
f f.act
thre%*cglleﬁog dﬁ@r&&%olﬁ%ﬁlsi‘ﬁgi \Agﬁetu%gQP afty sweeﬁldqcrlca@fyddlf&tl&‘i’ in another

ayered structure of
planeli Widr tat¢raly ahfftwldd‘élnv;hlycmrdrtm»f; pm Ingmat thadrtbe thhescb@mshfdp can be

st T ST R P S Ty B S e
The %hﬁ&qﬂ?&ﬁh@ﬁbwﬁﬁ& thre R VAI if |F1g'ir2@ ffaus%r}gfb&e@ Fifl A gand h. Fig. 21

position relative to each other  which is not
h illhsirtates 4he yeating péﬁle(pmse ¥l zfm:ye(ﬁyec'(@n”gwhmcqnmg&jlg 21h with Fig.

21 £op BTG 4 T ¢ R Pao S opa NP oBerg pERLPL lfrsopect o the

threddR & HlARI 18 10Polfi t1%@ac21t13 {5119 b2bweéent 10 1€and" 1 25 THE scheme in Fig.
views on a scaffold whereas 21 f to h are top

21 dvig @@gemondmgst@ éhff sthgmeTiREg. 21 gt BYith I'apysdirectien” it A greqnt that one

thread LS.
threasa? ger % él i] ?lh 0t pgﬁ? Qttagéerpcf) gﬁ‘rfél tt : eg%ér(ﬂﬁreg? %)npané)gher plane, e.g.
threddslofplanatiad, bit dahGlsoe Gaggdereddhh@l oty direetion as for example threads
of plane 111 and 112 in Fig. 21 h. The structure of Fig. 21 b is reflected in Fig. 14 aand b
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thread or drop of polyner solution is displaced to any
side and in any direction in another plane. Wth

wo a0806d7by shifted "in any direction” is nmeantPCHaG2001@00415
thread or drop can be 25 stiaggered (overlaps) in any

.direction with respect .t o_anot.her.thr r .
which s Hrilk e B A bur g it ich TRRS B e pg. v Xione
Z., egiﬂ\,/,qoo'g,rbughg, 21 f also refers to Fig. 21 g and h.

Fig. 21 illustrates the neanin% of the phrase "in, | )
[036hny Hig-@atshews asisital pbaaraphglm gitosan seaffpldrafier gf.eezezqumg- This
. t Ben. :
sty L0 BB (R, Byt g Sl fobfnd o
fabriphta Niered-Himemidnairesafiohiseds 4 kdnpls tdbplangtrbettweeiabridatdd yndispensing

.112. The sche in Fig. 30,21 d.is corresponding to .
a single pgbméﬁrqaggfl& calir DAy ﬁle--%-fﬁmﬁ%%?&i r%gf'uF‘?K? L obtained by
movgtfgg% tHeNALxiORRA ldgﬂ;@ﬁs%jg a Sirfilarlfafie8fedly GRRPHhE ﬁblké(/i(hfély frozen

gered paral to anot her ‘thread in anot her pl ane,

threzl. (Che phreeatitindd pleaalzned in theitz exis inlthe dinscidarn gt dhe gemperature
in any other direction as for exanple threads of

gradifiihne” 111 and 112 in Fig. 21 h. The structure of Fig.

[O37i1 bF‘l('% 38fdheak el schertd Glustditifg a8 MaciHRB860BI#hde-dimensional
CT/ SG2007/ 000415 12 which shows a sinple grid |

scaffold taecording tonoleimi b Flge Ir srwsmat thresedinfegpionsladigmang of a three-

._Yan, Y, i on .Z. t al. 003, . su ~ i s
dlm%w%b%féicglwg% Sélinugﬁegt %ogyrg%hg%geﬁaslln?rﬁ)at'ﬁg%’%)nlhggfg%n?vg Itge: scaffold is
fabridhie@! The RAEB]N YattibatelVySdiseasihf @bmite$n heesigned path. The polymer

fabricated to validate the ability of the_ cr %genl G

threas} dispanyesd figmpihe perdle and Bozeapyillhea taned lare 1) iSBHARg in between
| 1] i £ 2Dk

e 0t 307 510y LM oL RALAD B0 o

be ipadrdtacttwitent dispmset nen$o exvhl other torefor the gaft @ vsdallyykept at zero.

nmovi ng up the _z axis and dis sin siml ar th e
Nexj the, SFAYTE 3R SEGR° o MErBAGPRRFPOUSI VIFh GITA Chphel dife Spygrure in this
figuROTRR PREGIREIWAT B @ell 90188 clibe bftRedindlé Scalffdld WRBich are incorporated

direction of the tenperature gradient. 10 [037] Fig.

into 28 séropmteraided datign (CAD)r Boésagnadieporemesnales ofF ensoflesign and during

ree: di nensi onal scaf.fold aeccordi | i Fi
the 53 ERiGL P S BEome AL Shcr GERIhD % s S, Dol ddhes 104 arc
defisidRnsiuefiads wikihfited tnwd wWhickiarfoaned apo kasiRof phageeseparaton during
paths to show how the scaffold is fabricated. The
freezingf AG| thei Bolyast | fieszed W)veat <HETIEF rage poryeskrandnthg polymer phase
' t . ' . .
s B 08, 1 e TR, B iy S RIS I ore i o
polyinter heeicaedth bd dblabeds Wil | be termed gaps 102. In order

to create a tenperature adient, the_ la 01 shoul d .
038 | Figdh e 2Henontsiss e o W%O%%F@ﬁfgkﬁ?éf?r&ng o the article
ref he, 93PS a[R0YS Yahley. KeBirafle &L%Ms arliB! the scaffold i
of ?%g ?égﬁoﬁ’g’ EZO’ 3gfsdlln£@iog’ ?%%e a?fracr 0|oro?1teg 103 Which has a. ° -1s
mancfeatured by idispessingipolymer ihmeadaiis a regwar @id Thicsure, with one plane with
threé%%lgge? % eagﬁ:/\an@hlﬂég Jgexil% %fagpbﬁpgﬁ%ﬁls ?rﬁ{h%&a%gssf He ptolgees obtained with is
dispERitibah 18k AREnIGHh b KelDrienfHRSEadReh R WL SENPPichRe of Fig. 25.
of any design and during 20 the fabrication process,

By dispepsipg imiHi$ gridstriiungi theaatyanerithrepdistnogim fll ¢qngact yith the lanes of
ores 104 ar defined as structures within | a

the 't a %Zelnofaﬂﬁ'd %ﬁsa APesd {eng}er gs%raglglﬁﬂarc aalﬁgg pe HEsted for the

dispEiteliblymer lane to form oriented pores. In addition, the frozen polymer lanes are

fused only through the contact points 2001 (circles) and not throughout the whole scaffold as
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freezing. As the polynmer freezes, solvent crystals are
formed and the pol yner phase separates. After, e.g.,

w0 e@emed76r yi ng to renove the sol vent crystal s, P@Er/SG2007/000415
scaffol d with pores in the13polyner |lanes wll be

ALt 26 ot Bhoed op o3 B0 ) BT RLD 00 sl Bognncns as

obtafﬁ@ﬂ NlaYeryog@nQIu&"othymn@hs gen irf 2@6&4 sup2R). According to
his article the scaffold is manufactured hy

[039&1, sp8imiyilbsirgige the srechas qfresaphagys by agl,opdlmltmg example of the
e GRS, AR BARBLAIE I, 1R SUACKOE e s of
esopb@geﬁS tisdueaThe dsomhb@asl is a tdbwpeopan gvipelt bxtemdsr faowd dhe phadynx to the

no, fixed, orientation asseenlnteSEM @ {
stomaply itsyBainJgnelonhelimiosieRtsts RupH @%ﬁrwp R (G Stoppach. Figere
28 b@@v&' oRdw kY 8RS L&1iBRbfIRe Eé&ghaéiﬁnﬁfﬁ@tmﬂ@ﬂhbsttlgferlmei§ the mucosa
the previous frozen As a result, a
dl‘lensrpeﬂlaﬂﬂﬂlagergwfaﬂraeﬁbd sqammmus tepithelomn.cextds tlndnslbmucosa 402 which

dIS ensed pol to.formoriente or es.
contid i o Rt Ds elits Pirory ioatans e g itpe muscle layer
The sBHIEAs RRre0fndkts JTaWdl SladdQF hedcCbL8iffetddd ofihtation. The inner
throughout the whol e scaffold as WO 2008/ 069761
layeP€y Sea0wstiobioers arramgedicimuqurmt@uyivﬁnlai ig theoguterdgya <104, the fibers

creat s n il | t S - .
are RN DonRiaib by refe B9 oBbieting Ssr it opHRBH At engincoring
it isafmpdReRt toMminhigUhe stuan@ cd3he [Osifhhgld gnd Bvidd @t‘idrﬁzﬁio@sfor smooth
the structure of esophagus. In a non-limting exanple

musele cele present invention a three-dinmensional scaffold
has been fabricated to replace parts of 5 esophageal
ti ssue. The esophagus is a tubular organ which extends
fromthe pDﬂTy@LEmmﬂSCRIRTﬁlN] OF THENENVENIAON on

10400 orehmaRy GRS BRasa) S anB A R e edls o5 S fssyes cannot form

new SRRy tﬂ&%sélmel\/méﬁ%nh%rgﬁpéells%ré P&iebE &SBe anchorage-
which is a thi'ck layer of stratified squanous

dep@éﬁmthmd mmumememﬁs: einaroautentsc teh V40P offieh cihclude rtheipgesence of a

suppl%t&%gla ega eg(%ffltg::al La%e ?or %89/% rrusé%é% g r%? gﬁ% %f:ltl I?I%Implantatlon
thergRBibtdre 8dlick \va thé m&pﬁ{enﬂuﬁﬁilﬁbﬁfsuﬁstfaﬁ@rfBﬂboth in vitro and in vivo
orientation. The inner |ayer 403 has nuscle fibers,

tissugr g e redynfhese ﬁtlbsmare; WRiNE n domp ©T Jispes engipesting scaffolds,
prov%%ss fa& 1]:ils'ﬁefo§ ag@ﬁ?afh@fxg %?Qa%ge el A3k Y 1acleSC Biterconnection
or desig or esophageal t1ssue
char@elyi amdespecnﬁc dlﬁfetremtsstnumpm d)ﬁnhffetant paafifodd talyersshatiatowr eell growth to
of the, eso row or fgzl%t ation for snooth

agus. and
pengirats qugh é‘gﬁg g %109@% PN OF THE | NVENTI ON
[041f 040}1‘1153& ﬂoﬁ 'OF-%] fﬁétis%ﬁééeﬁdédt | iAW &8s has been shown to

sol ate ese tissues cannot form new
be dbpmxdﬁntomtathetpcxeslesaﬂdypdrh sirs aif e suppbmngot&mmhmeoslgmi structure of

b d to.b S q
the GA & Fpet FPTE oA FOARCTL e DEr BrTah ekt laee pore
voluhtéeis 9&?}?&8‘%@ a8donBndhtS MRPQIbseEniIR HisliveRla dell nisb s@fficent for tissue

for growth. The success of any cell
repatrr H@@y aetoas bmnaterials are also desirable for the easy diffusion of nutrients to and

v—-qO

illus

waste products from the implant and for vascularization which are major requirements for the
regeneration of highly metabolic organs. The surface area/volume ratio of porous materials
depends on the density and average diameter of the pores. Nevertheless, the diameter of cells

in suspension dictates the minimum pore size, which varies from one cell type to another.
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therapy therefore relies on the devel opnent of
suitabl e substrates for both in vitro and in vivo

wo e@sied7eul ture. Currently, these substrates, PEI/SGI007/000415
formof tissue engineeringiscaffolds, prove |ess than

prdeal for appli.catiqns hecause they suffer froma |ack
10424 sk s Tl ORend TSR (R Eheyio Bl Sy scatfold
on wiHidHigHoss eeltyf ardishipisedto b€ atddell hebdy R frotidata @idre\wné &hdcroporous

rowmh to 25 penetrate such three dinensional )
S’m%&aﬁ spidede for thoseglifigreny) e\ typgsobian exprwle, eglihek acomaplep environment,

st R ol BT BlERg b U hehl 1 FRIGAL Pheiolite DR wanot
to regkndrhie tsaf peribdorgalt ligaseend ian@ redveots  bonity itcwould tef necetsary to seed
peigfiebibin bl eSS ARt AR, BB A RE TR, v
2004, PeREERING ,tx%l.@!f‘,gpéﬁéb?@ﬂ URRSthYr &&hi E(ff/voﬁldqﬁcl dn ABBSial scaffold as

sufficient Tor tissue 30°repair. Hi por ous
repldsemneit ¢o1i akin. afldn at@wistie 9if r thidee differenthdayerss yemdddrinis i dermis and

f nutrjents to and .waste.products fromthe i ant ,
hypodipo by SROGTES, PR RIER & R EROPeeh PuLAterhans” cells
also bRisedth®he HOGHE 85 Rhin® heHaitHol it ds, FREARHIS, RbIRREs ofhh&s, apocrine

Surface area/volune ratio of porous materials depends

glandm lyrhphagierisstels andcblaadrengels.dlmes o8 celist thahare ownskin the hypodermis

vert.he s.. the di.aneter, of s, in suspensi .
are QSRR ARG e ellF i B B iR Pl BRR R, o dssue-
engif®@kihgtoffRoplibgeflofifRes or Yate BBEII0 8IS woRldl hS240miR04 ducture as
.14 ([1042] I nsofar certain tissues depend on nore than
illusigpfed sekig. pe, a corresponding scaffold on which

hos I 0 e d r.ayi de. . -
0 B e A R N0 ok TR BeBERCES DR b DR M require
scaffdld fwathent digedsé rhigpe and Foacreparom structetd svhodh arooddys| the structural

environnent, . suych as the perjodontiumrequire the . .
condgis seRyrea s LT el BB G DY el ogRb I s tissue.
[044yant BidvwRvéd uhBORRARY AbEmBALA RRL WERALRbUIY | HBIRAEnEAsture of such

al veol ar bone, it would be necessary to seed
complex iseaffridain Phe patsage peividingadscafoldowith gt eontinmtiousyporous structure

.ascaff gl Bart ol P.M, Xiao. Y. . et al. 2006, .
wit 35 vihute SFSG, Bl mpraltbrops’sBSenyb Fof hsBhats, 18 fippd described by
YanWoylXtdohe 2netadlt (2008] spray alidvd theaganufephRceM®atiofdrwith differing

skin. Skin consists of three different |ayers, . .
macreppgEp Airactuigdiukitle misgoporgisoHiRchire is uibrasnd caningt be varied within
one %gﬂgﬂi. ns k'er atinocytes with nel anocytes and _

anger hans' cells 10 al so present. The derm s contains
[0451 he Thérefore)l thecineantoswpm@tidgl andsthod elfabocsingl antse dimensional
ocr.i pe |.ands, | hati ¢ vessel nd bl ood vessels.
Scaff$_ (g fagiifseehgin® Ehic sarched PRSI hrscrogpis structure
usin%fa?{@ﬁl‘oﬁﬁﬁng@&hﬁﬁﬁﬁ Ge] st ? jgacrophages. Vhen
rying tocreate scaffolds for tissue- engi neering of
ag sdippangigl a fitst polymer sqlations int drer dicdetion o wowhaiohahember to form a

m 'gla structure as illustrated in Fig. 28. 15 [043] "

ThtS; “8&af f ol ds suitable for the replacenent of such

conp hierdih HRHBSt PAGMEF DI iorS@AITrREHa Wed BoBmfhr ¥8d 8 First solvent;

m cro and macroporous structure which provides the

st r uothereih the seagtion shemberghdsr & dirdsytemperatiire fveriends eebt below the

types. whi ch can.he rmally found in this tissue.
[044]%6%%\?8}”, oaﬁieiﬁ}gttsg)g'%}xno nmet hod exi sts . which
- byogdiksendinigOaVssdvnt f it friéesdtiticili o the reaction chamber to form a second

lane;
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conpl ex scaffolds in one passage providing a scaffold
Wi th a continuous porous structure 20 with yet
wQo a008ati7el m cr o and macroporous structure. FOorPERSGEIO®N00415
t he met hod descri bed by Yam, Y., Xiong, Z et al.
(2003 r uf acture of SC af f '
i 11 SRR FhaRopd Bt g PIERe e titef naSh ByGhglid'a second
st ruchWegt;i S uni formand can not be varied W|th| n - one
scaffol d. [045] Therefore, the inventors provid

met houbeseinfthe speqndi pRiymet pladony isndisEensAaISUCIn Hiak Ay fespad lane is
sult aa?%aﬁﬁ%d)ﬁextt ke allé%'l’gﬂgh{]ﬁleﬂl% BB BYERNGtiGh &sgttﬁg HRL&E and being in

m cr o- nmacr opor ous ructure using
pr ot Cﬂommcﬂwlthﬂfa)ﬁﬂsslaﬁ@on pnasifie;r st exanpl e: a)
di spensing a first pol ymer solution in one d|re

i nt o WisrecBiegisactioanpimies hagr gnsgeond; fesperatire; W erel the second
wher ec'eﬁ]lpE gmt. {SRL sf X{T@l"ffe?&llt %hpﬂ\il% e GREMREM ?&ﬁtu@e bd Toak as it is at or

pol ymer a first so erein the reaction
chanttmﬂoxhﬂmfaedzmgqiouﬁaﬁﬁmmbm@dﬁmtzhnds at or bel ow

freez oi.nt of the first solve
Q1 Siserisrrs e teDButeR Solbers s fherrarrion harhe PLIpErte steps @
ChaaPBY tol Brrh AR 1586 AW first plafe; WO 2008/ 069761
PCI/' S 007/ 000415 15 wherein the second pol yner

&orapehidng ﬁqnsm) ite estofore futir b@leglmea next@laaesecond

sol ven rein th e sol utjo

a 8 poneagin TS Aate T BRRR R o bR iy o ance of
to t h@efirdtplankane in the same orientation as the f| rst

| ane and being in 5 contact with the first |ane

Qneepspiing stepdk faeform: hdreedistansiangl seatield Gemprigingatifant planes of
te ond tenperature is the
sa%%%?mg{?fbg r#&#ﬁelt&%%tﬁ% rst tenperature as |ong

as«i twhaeiat inciny bfbteps they 8y eezpoigmposeittiads seelisposwidsuch that
sol vent; and c) _dispensing furt he l.étl ons

|
ot o BASOPURE o A COME S ORGP st 50
n gerﬁaxlnfrl]% tHeQbPehid i dis the! tBRESitnBnRorlal 5SHfold &6btaifidd.

epeat steps a) to c) to formfurther lanes in a
[046dext Fpr arseaffoMhiebrcatechncdoeding te dhis méthodiethe amesmorpw teéructure is

thus pcf girtqgg lbgzy eqngrﬁgg{gn}p%otglﬁlﬁg}a#e tog %1% f‘f‘ﬁcggg Schgmbe d1s%gns1ng the

polyht& eRtiioEtd oM keaztah fRbEbeO MAr gdilerty, chef f&{;ﬁfﬁmﬂal di!ﬁi%ﬁence thus
of 15 lanes forned by the pol yner sol utions

created behyyeenfthe palymet flispensgy intp éhwgtm chagibgr p@i{ghegﬁx@perature within
the r%hgtpo%néx%gxb%fjgﬂ} %&?&t thd'Bd 6P 960%?1@3&1&&% £h8 'f)tofeoélkce fhhich depends on

macr opor ous s ure are
the size of crystals formed from the solvent as illustrated further below. Thus, for the

methods of the present invention, the temperature difference is determined by two
temperatures, the temperature of the polymer solution and the temperature within the reaction
chamber. Both can be controlled to obtain the desired temperature difference. Examples for
the assembly of such a scaffold are given, for example, in Fig. 9, 23 and 29.

[047] In this method it is mentioned that the second polymer solution is dispensed such
that the second lane is arranged next to the first lane “in the same orientation” as the first lane
and being in contact with the first lane on one side. With the “same orientation” is meant that
the second polymer needs to be dispensed in the same layout which does not necessarily
mean that it has to follow the same direction to be in the same orientation as the first lane. For

example, a first lane is started to be dispensed into the reaction chamber at point A and stops
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f) renoving the solvents fromthe three-di nensiona
scaffold so obtained. [046] For a scaffold fabricated

wa@ewsndi7ng to this method, the m croporous strRCL/SGEHOT/800415
20 t hus defi ned by control heng the tenperature of the

ction,chanb n di spensin he . oI r SOl ut.i
st P TG 1S AETIA (L AR 6 SroEh epe P AT B Sy nd soine
towald HRRED R tb Haft at (‘ij'oﬁﬁt]? dnd 8B awhide ppit Vs WingRe fb%ﬂﬂlanes are
Into the reacti on chanber and the tenperature wthin

orierttérbnexs &z edchothuh drdyeare opnsidesdds tede ie Hie sapeoTisntaign i ng

nd thus the pore Siz
B (T e B
JOlmﬁg[Hdﬁ?ﬁemh(?lly 1n}ﬂ&t%urf§<§tf t hg 1?1‘5 met hods 01:j the present
i nvention e tenperature di eren e is, de
[04% wo It anqiber aqxeméengf thés methodthe dree- ’fm‘%lﬁg’nﬁt E‘E@Eﬁs tBtmed by o
smgl%ollaﬂn% P %o@B?EﬁtJBﬁtfoge i NPRCAY é‘ﬁﬁpgﬁdstepo 04b BSntlRBas | '.leﬁ?l@ into the reaction

can ontro tain the desired
chantesimentidtthe ehrdeidirrersiverl sEafuidlieSofmoed. Inhethers werds) th)fsecond and

Fortih g 0 DA Of We RSP eyt Fauh bPisldD st aninuously

W1th§§tclﬁﬂagru{ﬁﬂ!n¥ BEfheSRktiahl E}idr%xgﬂn ?Eeﬁl%ﬁgm&u%ffoﬁpast 1'ﬂ@§tre¢t&?m Figure
econ ane 1s arranged next to the first lane "in
22 camive marivéatatd by onascontieuduisrigne o&paymansolbdom yhich is ConthOUSIY

oSS 5 ] gl Sl B BR8P g pae wit e
lying 86€Sto tRe RRe Gf IRCASK Pldne zlnhﬁvﬁ%'ﬁi‘m' ENnedet vidhi tﬁb pﬁ@@@ls lane at one
not necessarily nean that it has to follow the sanme

side divithout thehdisperising of thefirst dans needsior b ingrugpted: o agqthgrexample, the

For .e e f|r

onl 155 S8 ST pEgbd ShRIENS SHRLASHE R, cvon s e
dire&icRRSF tl‘ﬂ)ilgﬁgﬂgécf)%ﬂ%ﬁ&r $GHticnGe Ot 415 16 at pOI nt B.

Now it is possible to dispense the second | ane_ei q.
[0504t ar dn agother pweet: e quaer@dpypéltlopdmragtegée &t mgthgd g ot%bncatmg a
thre%td?ﬁ&fs%nap%ﬁfbl@ siigh1g %dp GsdRUALHR R Rhviflg SodtRIIBd aficro- and

0 anes are oriented next to each other they are

macmpnsmﬂetrectutwshg drpogenec matotyong eorhpitiSing:. [ 048] A

plane" .refers to.a urfaelnvvh t
ao)r dISpRRng, nHﬂET(’IFaﬁh&}?é S |19 op% rfc %gpt?l Islo 103 Pq 3 reaction
|nchg}ﬁgerstyﬁrﬁp@ﬁm&9fgg} I n anot her exanpl e of thi s
met hod the three-dinensional scaffold is f or ned

si mgl ‘@h¢rameth@ﬁrsrb oblymer selotion FeAPTIES @ﬁirs@mgewé@cﬁratssolvent

a cont nuou o aphe t:L,

t hf ee® eorﬁ%fﬁl scéathfapmltéF hﬁggf%ﬂrs {r)reén pCeP f({ it lls at tOPeoelOW the

t he Sﬂmmoﬁwﬁﬁegowaﬂes are nmade of the f| rst

| ane of polynmer solution which is dispens

o dispeuses mpltime frepdsar drepe pf aperan mlymﬁ@ sqlptigy into the reaction

Ia gg[@ cular scaffold as illustrated
%ﬁang-@%o Cgeﬁco fr?l%l%uf actured by one continuous

I ane wherei teaecad pilimer viudin cempadsesiansesosd yolymer and a second

di spensed in a spiral manner into the reaction

chamb¥Vefhe | ane of the first plane will be | yi ng

next %ﬁek{hefﬁlte%@@ongfthf&@s B?ﬁfox@la?@ﬁl astaddivitn BR de@osﬂed threads or

contact wt revi ous e at one side without

t hat diiopp eﬁﬁnerfgstqﬂarteﬁmtfarer ]ateralb,fmfh@bmsarwahmnon with respect to the

i nterrupted. not.her e 15 | a e
o anotredg ot fisivs SHTEE drotab Rl s o7y, 8 fpfinef o the reaction
i nter guptgepn even when the




10

15

20

25

30

direction of the dispensed pol ynmer solution is
changi ng. [050] In another aspect, the present

w0 poogied7on is directed to a nethod of fabricatP@myS&2007/000415
t hree di nensi onal scaffol d1guitable for

tissue: engi peeri h vi control l.ed m cro- .
matr ofoE s&§t 8¢ nt%ﬁa"aér?ga%%dc%" St n Ivﬂwgrem the second
CONPIiefpB@iure & e sﬂhé PEfigicRgt Wahi fhpfestitbnpadtirois BagRSit is at or
of a first polynmer solution into a reaction chanber

t o f ovekeva the freszing now;of thereeeudsol¥eats i r st pol yner

orURRERE TS kel bf Hop MO Bin ROVt SoRlipn o the reaction

t egpanedrue formha thiirdipdaret or bel ow the freezing p0| nt

of theflrs ol vent: 25 b) dispensin .
t hr eavflersin t mﬂwaerssgk}w?qa CB’&‘B&‘/‘F@ @Hﬁ“ @Pﬁeﬁe riapd g thipsolvent;
re@Ct%H&ellncﬂB@'mﬁ& thRad LEMR §%@Wc@ﬁt§&%ﬂh"ﬁﬂ@ﬁ§%&ﬁ&&‘ ghreads or

second pol'yner solution conprises a second
a secdmps ofSthe wecrind plamehm iare Iateealyeshoftetl trtmlsfati@ctmn with respect to

d nt t d
ar opeeepgried ftestprdrephen e S larier i F6F e Bipgracd into the
any  dich&fohi cﬁﬂm%ltﬂ tﬁ@%&lrécﬁoﬁ Q@thetﬂiétgﬁ% or drops

formng the first plane are di spénsed into
t he rwhertinothe gh@gﬁﬂg@r chambezona;/ @Gglngil temperature, wherein the third

PCT/ SGZOO?/ 000415 th C chanb

has a*URESHIC 1% esragte ?r\l\gl?%(ﬁgp giOW hr?eﬁsEeco‘ﬂ%r SRS temperature as
t enpeoag bs B id & dr Belowaiie fRezifll bbt enthe filiieddlhentf i r st
tenperature as qu??g1 as it is at or below the freezin

doidispersing fsthse thseads o6 Kdyapstof pedympr spbitions intertha jepstion chamber to

A R 81 ApHCAB T, ORISR MY i

thecﬁﬁﬂdd pol ymer sol ution conprises a third polyner

and a h|rd sol vent ; mhereln t reads o

Whepe ‘i‘F EMFFOROBPHSARTRCHTE 19T pfes w@%&i é%’lqeﬁrt&aa@tr& fling within one
ARG Astdrd o PRI sth8BEHE lt‘ﬁulﬁ%l@ tﬂl@ﬁ(ﬁrﬁlcﬂrapsste lehdiestnbm

any direction with respect to deposited threads
wherdimopise ofiictdperduisr strugsranef Whe nscaffeld ds edefinedeby eepntrolling the

|nto reatlo chanb thes di.rectign.as
ﬁ%lfrgtof;tggr{gac bﬁr rcgg‘%elnﬁlgﬁ ge Merh%gutéons into the

Jemt{cgldhgﬂggglr ahdire, wherein the third tenperature is

the same or different fromthe first and/ or second

Ve rnpravingthe salyent @fntbe taeq- ﬂlm@swnaloﬁcaﬁﬁ@lﬂow the freezing
[05 Iﬁ glr ga C){;gffng eg 2r%tﬂé 50 Fﬁa% 8)’ S‘fryilbh q‘%(ﬁ% %%3419%16]}(#! etxgﬁble in Fig. 10.

[052]eactTihese mbtaw@ssaﬂldv@ for]tﬁe ﬁﬁeit t[nfelihé henuficamest faffolds in one passage
repeating steps a) to c) to obtain the

havipg ,d@@nedil TRicHR; aghmacroporous structures.
[053] “Scaffold” or “three-dimensional (3D) scaffold” has the meaning known in the art

;.

of tissue engineering which is described in the first paragraph of the background section.

[054] The controlled creation of micropores in the scaffolds manufactured by the method
of the present invention is based on the principle of phase separation upon freezing of a
solution comprising a polymer dissolved in a solvent. To achieve phase separation between
solvent and polymer the temperature of the reaction chamber is lowered to or below the
freezing point of the solvent. Once a polymer solution having room temperature (normally
between about 20 to about 25 °C) is dispensed into the cooled reaction chamber, the solvent

in the polymer solution will start to separate from the dissolved polymer and form crystals.
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scaffol d; wherein the macroporous structure of the

scaffold is defined by controlling within one plane
wo b@sgessance of at | east sone of the nultipl eP€TI8€@20H%000415

or drops to each other; whasein the m croporous

structure of the scaffold is defined by controlling B}
Thesgecry$d)s iageritenemonesd byt siblimation ; ﬂn&h%mmmem freeze-drying step,

. o Lt N . 4 .

o SARERES, 155 BOLAE S ) il 1 bpidRPbl Wyt oo i
1).t hr ee- di mensi onal scaffold. [051] Exanples for the

R T e -
be ldf@allpshifi@CioWash gfhe§ Pdryifletibn) “Qﬁférﬂ?f:szx.?@e[ﬂa é\%%ng' that Bk thread or

defined m cro and macroporous structu

dropge #tdeseigd with respeesetodineghresitbread of 3pp ss dflhsstatid maBig. 21 c. With

{ hg kno i.nthe art f.ti.ssue engi neerin )
P AR OB 0040 D o ESH e B e Wamre i any
dirdugiok g igh Rekps&iClol Afdther [tBRAN ofN@op UH 4Rt Dlsee At Munering of the
m cropores. in the scaffol ds manufactured by the nethod

thregds ghven je Bige Al Tiakspanpliesnfor Eighas @candrh. Fig 29 ilustpites the meaning of

«8E | ) | NG of 30.s0l uti en .
e BRBSE S 050, LOBSFIER 12 0 811 2 1o i 21 Fand
g layehi ld2eis papperederalivl ivith bapeeed the@dVEN! i AtbtRG! MERY, With “any
. the te eratuLe of the reaction chanber is |owered to
dirggHioR o et i<t isad fbPH PIgRe, e teiond bHd, catreordy be staggered

' ' r rymlly .
pr NGB M A0 ARSI REH 511 R g n any
othewdirestion @adoi exanyfiattveads tHearsbol Veitt Fig. R1tth&igatlyaend b illustrate

em%ogih;lj}tﬁ%t? ?%%ﬁ%tﬁénﬂﬁegéﬁ &%E%%I%@%%grg]@t@g g@%ieg.sﬁlevs%r%cmre of Fig. 21
b isHCTbSHR AOF009 4184 blRhERAEEWSE EBéﬁﬁﬁ'eSgrﬁrﬁatt‘eﬁﬁ%r b ngvlfﬁ%e prior art

b¥ subli mation during, for exanple a freeze-
(seas fos pxampleaVam gl i Kiangs ¥i.cb2l.i 2003heuprad.dnikig. 1hthietidaterally shifted in

P ' ! pi_e th st.als (see FEig.
ey RPRRGUEEANL 5 B e B F SN R G, T v o
constiridtiep eidse pedffuley istifistacts if thechBfati@dravindRext 8 B IBM picture in
. sféfted t,ﬁ)éeach other in any direction. "Laterally _
FigsHi- fig 00 ifpstréestthapositien phdiens obpolyamen polptionstglgtee tajeach other in
diffehbpliSspect to another thread or drop as illustrated
in Fig. 21 c. Wth laterally shifted "in any
[056]j r ecOneomipartanhifaator thah ddflucheestthe stegpeaind dizppfElancreals and thus the

. staggered in.an di rection with respect to _anqther i
micpORER O BRed B ISR PPTIAREE inrHE HearHisw FHRIRST, iyondbe freczing
temb&aRREl In PeN&BL e EiPeradike fin HeSLaARR! dnSHibECLan °

poterne e e et I B Rt et Dart febhgtderdabout 30°C
to appirtad 86°G ar ehopt diQ tocatiooh0 °@h Enandheyamxiamplesitly: teRipetature is between
) 1 9. 2d.far g lnFigs. 21 f and g layer 112 is
aboﬁft ggé‘g?‘%’&t%réf’f %l?%u\s\nbt ﬁ'respect to thread 111 in
[05FNOt IRy exbdpR, Witdhasaf freeding Qoihtodf 01 dC b aﬁ?&gﬁeﬁé"gfessure. Just
one thread in one plane, e.g. thread 112, can hot only
belqyp freezipg; ait dempesatoegsinepr T6= 2416} e gtotwtle afl i¢encrastals He plate-like, with
thicglr@&gs af 18er! &Bgﬁguga}i%hs,bt%nn%ra 5la?<l,sse% 1k1)1 err%tegi% eglﬁagesla&rations, and
plate-like dendritic structures at high supersaturations. For temperatures near T' = —5°C, the
growth is columnar, with stout columns at the lower supersaturations, more slender, often
hollow columns at intermediate supersaturations, and clusters of thin, needle-like crystals at
higher supersaturations. Colder still, near T'= —15°C, the growth again becomes plate-like,

and again one sees increasing structure with increasing supersaturation. Finally, at the lowest
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other direction as for exanple threads 111 and 112 in
Fig. 21 h. Fig. 21 a and b illustrate 15 enbodi nents

wo oottt t he di fferent pol ymer threads are noPCT/SG2007/000415
shifted. The structure of Hbg. 21 b is reflected in

temH;iﬁaggmlihe tgﬁagxgtﬁl? P%chpllr%:gt > I?l?lg@éea P?tﬂ%&g:ﬂ%ﬁr .9 ﬁ\gvt sﬁfp@rs%tst’lrations and
coluPﬁ!n@ Afhigher sulersdturatiofd 08rovitd Rffdeavy Watdr Q{Dz@PcﬁyB@ls produces similar

laterally shifted in any direction” feature is
morpholegies ast e fingtion R temnsrajuiss oSEM Plibiedibe dpppxigenigly Spusdegrees, in

reep MU yop R IR PRI IR A B0 o g et K-
2009 Repoiti€on Pro%@esEl.lrgPh}isQ:s Fcbl@S 11@55489a)st rates the

ositign of drops of qutlons rel t|ve t
[0584 ¢ h Agtiig knpyn t‘dﬁ@?’é?’éﬁkl i art[ el gRet er enhanced

0 t f nce lled th
wheh ?&%t atsg Iagfngb?hhg&t gt Oevh‘%r opor es %Ir[y}% §a?tpélrwv\(/§1rle soni ga © ©
ventﬂlitﬁ)nt efffgut.r Blhis radloive 1Ishgm teametatwres ofiaiohexgmplee? Ahbut achieving the

freezing tenperature H#n general, the tenperature in

same pidect as,ak 3 (SMPERIHBAF -t Hdn be between about 30C 25 to

[059Zb0u§ ncégtﬁ%q%stﬁﬁoé’ft freedind QetRAYLISB &n tﬂe‘“gl@ﬁ’é&"ré‘%{ the surrounding
e tenperature 1s between abou

atmcsspbfbrb thé p@seure @b bie ibr@sed O5ddordased txauppdis formeation ofiaelid crystals

evenogq %%ﬁ tgg?ol%liglr&te%t 0.G at al m) Eher I a?tu erggt%gsrtte ét‘]lﬂe to ease the

phas‘érs@#‘érﬁ‘n&f iRy FBigRbSthe %oﬁ%ﬂtt @ml Yek&isiliMibterminbd B a person skilled
pl ates at | ower supersaturations, thinner plates at

in therﬂfbwhelu lookingsaiphe phaserdiagramsof the golgentnrapixtyee | solvents which is
per saturations. For
Suppfo té]frﬁr s{agseltaﬁ‘l'Efl aé‘tﬁ(g@h%}ﬁ%f‘ growth is columar,

[060M t hhstg@ﬂérab @tl cHinBe ahidt theat Iﬂm/vefyssulaoefes atowing ibdger fhorsmaller the
sl ender, often holl ow coI um [ ntﬁzrredl ate

tempaugBesHETeAts BAyeem e RAVREe g w5} foe Teregan ChipRer (temperature
a g I 1

eriPbaits Sy RN s MRS BLLNE nEOCEP R e csts

grovangj bizgal whemthedeperatuce Babowig5SC compared taweldut -45°C because at -5°C

e YR SRR BRI B S A B8 450

wat Ry RB6H FRfer andlbisuihe Pfstdlfd6 Klop ha%?ﬁleadmé @Ngrow (see Fig. 11).
supersaturations and columms at

[

Thus (krciesweraiae camBot aalnhe hsedfto frehippc wg:@éhar(em_fcﬂ}e eygtalsdug also their
produces simlar norphol ogies as a function of

tenperature, except shifted by approximtely four

[06 l;jegr a88 mitfpotes eiiclgcan bdforied usiag ajpis featiniefcan ba it heange of about

reezi ng poi nt between D20 and H2O (Li bbr echt K G,

1 uwy tpoghou Repdt 08 agﬁutp}%é(p a@baut; 90 PRy s Esexample %)16 size' obtained for
it T g B 0 B B RS AR Sty fSRs from 510
-45 Y dn oneexdmypls, %r ) pfrcbamsmg/mnrmragmwfr-\QS Yyrthaiwe cystals are formed in

34 S%ir:\‘%/@tsgﬁlhf?&\ﬁgﬂ eggrréestqgfprﬁéal l g 1§§1 Blil 3’ i legfaégmge ftée %me taken is
aroulﬂHt65 %@@nﬁf/ g?ﬁ%‘i)oréﬁggs & aB@&t%Oaﬁ’maW}ﬁle a8 PR LY &y&ﬁl formation

i'nce the question of freezing depehds
takealahamt(ﬂ@ stehencisrwh:sh rresults in mer$MrabonﬁVﬁ QU altastix,pateﬁ €C, ice crystal
fom%agig 5 eegf? gt g%f F%%e{i%gtresiﬁtér?gdmo{)or%es?zreegf gb urt %05 rgp ﬁ%wever, such

values are only exemplary and might change depending on the polymer solution, dispensing

size

pressure, needle size, dispensing speed and other factors which will be discussed further

below.



10

15

20

25

30

even at higher tenperatures. Wich pressure and

tenperature is nost suitable to ease the phase
wa@epanedt7son during freezing of the sol vent canP@ESG2007/000415

easily determ ned by a pergon skilled in the art when

| ooki ng at the phase di agram of the solvent or mXxture,
[068} solhepdwniage of the meflpds ysprbbergin is dlssr that thestagielle) sgtting of the

. ' i o ,

o ERE A Ao P2l S B P S o oo o

polyepeoktion ewhtich f fot@ne eplasd \we atiffedest pahysretaresolThing,0the greater the
and t h%eact i on chanber (tenperature, gradient) i

), 1§.
tempgratug isprances twaens gieveiymey jelutien ad fheaicachinm Chaprbih the smaller
the cPttald B ﬁﬁﬁ%ﬁ@g 8811 e Pis B DGRE algg‘%%‘ n{aggfécmﬂng one scaffold

tenmperature i s about -5C conpared to abou .
haviveg: anisrepaites -06 Gliffrenh sizemtdee t6 rthe zieerantt teppefatist dffdrences applied

beryto R rasgol it T <Perperir tHHRos TR yuafod B aeatin chamber
(seb@yerihes §).me to grow (see Fig. 11). Thus, the
te

nperature can not only be used to influence the =
[063hapelt df andtleer adyantagesofishe methods ofiierpresshtzimventpdithatihis possible to

m.cr.opor e i.ch can.be for.med using. this featurg.can .
mafURARCIETRBE i R0 SETPo S 1RRink S sl i micropore
size3D Fi Abioits 9@ e FPEo@MmaMbSurddostedifferent GlRbAhS eemp&@htures which

chitosan scaffol ds range from about 35 to about 90 m
resylisy inpdiblerans imigraperm sizes andsmarplnlogs A slowergats, of podding, ie. lower

: e - e .
tenfBERER Btk ochdlh BEERTIAS: LUURSL Bld feiofln i, st in larger
porpodre] Mordniebiasion ®dtween dlixodiffei@nt depolited [3Perks, THehdotted Mide in the SEM

.taken is_ _around 65 seconds, forning pore sizes of
mickpgaphseof Jig fwis|Rlagad abgheclayer énteﬁ%%é@ a9t fEFeRent| Ranegoof polymer
solRIES SWAROY §10RQr $6GRIR I Rl bSitedpIRRY 31 BhveD Whger time to

75 m Lastly, at -57C, I'ce crystal formation takes
spreddoand 18Rt thequmvisys phswel mbreg résultpy & gimereaintegbatet add continuous

m_ However uch, values are.only exe ary_and m ght
PO HGRTSR I T 5T e COmES AR AT PO Lo € ieqlip gt the pores
looRd ®SekoRitiniGRHcosS tHEplafdsS PO BicNY cHRE Y. Botth BEBEfate of cooling, the

factors which will be discussed further below. WD
miczopyBe0E9 AerlpCmddinyeh domigopges preil Mirscommeetad.dhey are not as

Lhed S, al hat the vari able
Congl eP‘%llﬁﬁaé %g% ﬂ?ﬂ% CH?@%%?%@E?@%? %taﬁg b?'e action
[068F N emadddittona theopesetit Spesnsivn Gudidr foonphised avigs diffdiers aihse intervals

or drops of ol ymer sol ution which forma plane at i
betyperr disagnsinge é}fﬁqrente%l?nemagz thenkeagian agmlese This also provides the

ror IR SLHEE ] LAt BB DARST ol sl BRI B cortin s
fromneachhothet Higropgh esisinig thebeoolitly sateretb hioat héipkbaaingowscropores from
uf act ur i ng one_scaffold havi m clL por es of
t W g’ﬁ

conﬁ?&p@r@nga@i I. fG@ntiops, DOfR S otpogtapt for directing the

celdiak 9169665 (AP BILEn REREH afdR8 (hEBGilch 88 fSRARREHLAES tissue. As
t he pol yner sol utions dispensed into the reaction

for Ematmethe igtsenacdivityioy.conBuuily. bft@es] cdrtaini plaagsotifie can be applied to
ceﬁ%{qlvﬁgﬁig%@ggyﬁee??e gqgﬁrplggéan?fto %Orlll% £ Eigfcir?&tba:lrr?e\% ré%v!/e%rr]l cteggitn planes of

different cell types. For example, in engineering the esophagus, it is important to align the

muscle cells to form a continuous muscle layer. While for the mucosa layer, it is important to
have a dense barrier layer for epithelial cells to attach, proliferate and differentiate. Barrier
planes or layers may also be required in some applications to constrain specific cells to

certain areas of the scaffold.
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10 manufacture scaffolds with continuous m cropores
havi ng the sane or different mcropore sizes. Fig. 4

WG h@smed7he rate of cooling neasured at differ eP€T/SG2007/000415
freezing tenperatures whichl results in different

o5t 9881 LS5 ERLRLS, B8 AU s G comoisin

d1sp8ﬁin\gnﬁﬁess QhridsOst @BFs foRpeid @plabantdethe r¥dckibn lcBsbér drlty after the
'arger “~pores and nore integration between the

lanes)i thfeaderr drops Sorming| ’réiy ePrViorh dlapst eedirprade lien Phate Sgmpration is

comfll S48 B0oaP bl SpRUECER Ak kPR oy

laneé/vthxréa@s &1 @0P5 i1t6ahé B]gmitf&él“hd fwlomg Landf; phshdsed ddops orming the

M AN I O
drop§ %erﬁgg (ﬂ#g\%us ?1%9':1‘1% c@ﬁﬁmst%lg%diéﬁ or %ﬂﬂé? th@fn%’i/io%%’ ®ines, threads or

connec oves Wt wer cooling rate
dropp(fdsmﬁngﬂ@qk&abnslbien@mtﬁromemus across the pI anes (see

Fig. 4 c_and aster .rate aof coqglin the, 2
[0664i cr dpBrber RO aonsn] e Ef FeRlge 16 e &tr'%ﬁ 8HGg femperature

of thel ﬂehét}dnnéh%ﬁfﬁgf‘ BEChISS 1o 416 tRE ?en‘it%"ratél% ofGa8 bl’j}‘ﬂféﬂ%oﬂﬁon which is

ower cooling rate”(see Fig. 4 a and 64] In
norrmll;h iti mnm tehmemtmseistdesmb@dtabcﬂe fChangmg the ﬁgnp@é@res 61thel’ of the
usin ffer |ne int.ervals
reactfs PRAEPRE <116 BRI GOPHE" PELRM B EMarhiby AT cofif which win

infhh OV indeSiciopEre LSS Wl Asthe IfercBiREEABNETthe ﬁﬂélbpd)ﬂ&s
areas wthin one scaffold or purgosely bl ock certain

[0674r eaFuttberf examplescive givearto dlfsiatethe zfq:aémﬁg; of fe ra@fépqiﬁq@f the present
i AT )5S (IS i e
rate b BsYlingturih @ thedpal @t d@oélhen atdiffferdnaareanéf the S@Iffodm ‘The micropore

smeé; ’gq?m%& lly%]j gg%;]’@gg@aflo;lqg rtlf%ge@? lragg %f %qhog]&por g?escnob Gbove: By varying the
rate o?%@&lﬁ&%ﬁ Gierbdt¥e 651&&111]5::{1515? i WIS MRS db@diR different micropore
anes I's can app certain applications
31zemmm ttte damei swpffoldai{n thn 5f @rencaa st sthatrrﬂ;anebél ris deposited first while
en certain pl anes 0 dif el
maigd b a CPE AP REERT 6 g SDSeispiS e pofificr chf BE Sopletio a lower
temﬁgéi‘atﬁ{é 13 b%ﬂﬁe amés&idep&ﬁhhssdl@u&pfsrﬂ@ogmt a4 QplﬁnéTHSQl Hence, the

ayer e for the nucosa | ayer, is inmporta
tempmvlgreagrdéwg@wﬁhlpcp digierang yath thagrof, élpﬁ plmgqopgpla@@ ’Hgs fe(gults in different
e 3 55, BB S0, O e BRGE Sl B0 cropor
size§. OB Lomtidllis® e IfateCoiCeddh& gltduring &hid pbllynﬁ[* dalsosc:tiont dn[édlfferent parts of
scaffol d.. WD 2008/ 069761 PCT/ S&007/ 000415 %l 5& 1 withi
the thirpsdimenaiopalsseliield; different spntiodled maigrogreluisce oyt e obtained within
the s{gﬁ{eh ‘iil ther conprising dispensing | anes, threads
ormng a plane into the reaction chanber
[o68inl y 1af o:eer tthecortwhethe ownesidtm of tte apscrémres, nfet digection of the

tembRBreEBta sl o WorourledoitbbLaR d o Fpecaiech tiggdimensional
sca@&@sﬁgu&%% ?ﬁ&@@ﬁi I%Eé’ssf\k‘fl% F;fosﬁ ﬁo?ﬁﬁér sélbfi®@dscording to a

or drops”i er. The owing | anes,
progrhmnﬁmd&paﬁr Mrlﬂpﬂraﬁeﬂmﬁ]g G, hgempenturp pradent will be created between the

N TN N T R —

depﬁﬁglt%fi oﬁ?ﬁrggdggl(gg}? Ihid leade8 o?ifenﬁﬁbl@ bf tHRErd2eR ¢iyetiss during freezing,

forming orientated pores. The crystals grow in the direction of the temperature gradient (from

cold to warm). As the biopolymer is dispensed, the area in contact with the lanes, threads or
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drops form ng the previous plane are frozen. [066] A
further option to control the rate of cooling is to

w@eosss97ant only the tenperature 10 of the reBCL/BGI07/000415
chanber but al so to adjust 22he tenperature of the
pol ymer solution which is _nor

¢ . r}al 'y at .roam 11
dropt et aravicss plangewil sl do firsee lr%hihﬁrf’f?ée %;r%en solvent crystals wi
start%% ?@ﬁn@?t&é’% oa}ti&iéihg QFeaQhd Wi §\§ gt?(vhﬂi@ a6 AR d@Fe Solyinbefreezes. After

or both wi fect the rate of, ' .
the remobilng thérghtalsibiyl e.gi, hfdphdization, e pire obipataton Pbtaingd will be in the
well as the intercaonnectivity of the m cropores. [067]

direqtigniof ghe tERRAFWE S Y ven to illustrate the features
ft : 1ahes, ithéedy draftopsAefad @directly on
[06920 of gf %&thﬂ?ﬁ,%gﬁﬁloﬁlhg Y @i$fRFtnt 1ahes op planadi

ifferent mcropore size can_be
top 6Bkacharthedibyha piiinedidn) the tevepcratarecsaicabyill Ry cratsdpetween the

o5 PP P i A O e AORARp v o drops o
the 1t PRAGNE sbe inGif.Fe TRBlefdratie: wfcraneds wifl beasiedesidn iteeridirection.

above. By varying the rate of cooling for differen&. . F
[070depodi téroperpats gradient vian| alse bsosispish ety Hrepkiagdfpr v direction. For
di fferent mcropor 1 | Jsb it & 8fil Rlyfently, the next
cxa et hSll B Be8 g SR ot S8te s gy,
lanef frédd oMiirbeis2Rposicdtreknedhatrozercient,ahmead enepadn arcgrciar path with
Subsequently, the polyner can .be cool.e

: to.a.lower
a largsppadien Jihe temperatuss gradienb &y Hys FRTey AR (tjlg%{ag{ql gffef;téon, between T1
48p0s] bt 1 Wi tiRehe fa@IAPEEG R
and g?a%féeeg’?%wﬁl%[ g'b%ﬂeg#?@f) é%t‘)]% Wﬁd dgf et he previ 1ous )
[071] aneVhdhidifforesuhteads or dirdrsearerdispensedeingd thw epactign fchpmber in an

.plane 1 . and pl.ane 2, which . in tu create I '
orihf P et h Sk Bopawees gbeut & ot PR IR RaRE Jrithiflon of the
micﬁ%‘&és N8 tﬁ@%ﬂe@ﬂ)uﬁ EM%EPM BilcrpRROS drit@bnOfandief theth€Bdme or any other
parts of 25 the

three-di nensional scaffold, different 11
angleomitls oisbend tortter wicaononestiadhepeevioas plraeobhys, Ademprrafyrsgradient wil

he. sa onstruct,. 8l | 0 t ; i
s R0 e SRRBREE om0l HuRl il o520 b stion
havin@ i e6wérueparaate.cTte Haod of e mrosent divertibramilizes this mechanism to

utilized. To fabricate a three-di mensi ogﬂl scaf f ol ﬁ@ tion of
creath) anicropetfe ATENBHENSHIY Hich desiredc BLeetign; HEeFen p%ﬁ%y preation
Lyt | OB AERA Breatb temperature gradient
scafifipt bf BB RRfoof G DR R IOPIARIER SRR Bonits, lemperpire &
in tlgg @tredl dpedtivacto dbiwin comivadledtperpenicataiions.( Ti ) of the

frozen polymer plane and the higher t r .
[0721ust Figess i@%ﬂ%ﬁf@ltg?‘rﬁrp%fegﬁgn ()g—%e_wﬁ(?@%:@gglg?lgg(vﬁﬂﬁe polymerk
threQlid Gralenid Rfitht BR1dd FRN 16 Td6pbsMion Puthi, nembéremizé ngadients AT1T2,
ormng orientated pores. The crystals growin the
AT3IT4 end i SESTE 2t erdatadpe¥ B TR eA B ot the fenaparaturs gradignts between

on3 i i SR P ST o g . 0 w
1an B 1R8O /e YeBEdiBon Sverd §ase Ghteid chargiel)osin phiareaamplel there is no

start to freeze first. Therefore frozen sol vent

congacy withllanesior threadsznfthe ereviorv Alanehd hedAmBEa{URy &4flisgt that results is

nd,wll gro wa [ e ; E
cne Py 'copia Pl JRPO R bl b (BpRe SIER 00589 88en in the STM
midrcYg?rﬂ{ﬂsL teahicBthoréshe PHEed i thetditebiion obteaipartireigiddidngs. Figure 10

inthe direction of the tenperature gradient. 5 [069]
(b) Ferwexsimplae design of ast ipterppl Ph?ém&{-f ferent |anes, threads

[0791 dr ﬁ(prscoggtn?ctﬂvﬁﬂ ?ntglinﬁpgﬁah}{elg’,ncemperature gradients of different orientation
can also be created according to different deposition paths. Figure 9 shows CAD scaffold
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top of each other (in the z direction) the tenperature
gradient wll be created between the previous |anes,

wo bosadsenr drops of a plane and the newy depPSi/s8@z07/000415
| anes, threads or drops of 23t he next pI ane, as seen in

desigrih gmtgl?mt%g% r ﬁ%@o ! gs T ’39 (frt') ?eo ﬁ;p e cgffquir e(r:“ g%{% ﬁé‘élgg HS "Yiced into 4

plana‘i ﬁ)%dl%p@:ﬁ%ﬂﬂﬁﬁby’laﬁ@ﬁltheafaﬂfsor y di recti on. For 10
ymer | ane, thread or drop is deposited

[0741] n gpfélp rre%ﬂr%porﬁ%m thuy, Jefnpdehroyeh thedatert demqfﬁ@n of the polymer
r t
solcfiH 398ef tnalf B8 hiBroR0 ¥t FircRBHlen e BIPILRRAH oI growth. The
size aadlotisntafitre of thopedcadpores igrdefihehby ihe depositicapathi of thelanes, threads
lal directiaon, hetween T1 and T2, as seen in
or dlrﬁlpao% @quﬁasqh“&naa@?@gpwmﬁ Jisfgont ahpentr e srigal
[0753' reqll @ngd HElhafbEstod Etfrl%t%tof{tﬁé %@ﬁﬁ)l&”th@ rn‘i?&ﬁocﬁsrﬁ the present
i spensed |nto the Teaction chamber 1n an
inveptiore firrthier oomphisecthangingihd distinbebeteeen ableast sOmBmfgh)e lanes, threads
with respect to the orientat of the mcropores in
or dﬁoﬁéwﬁi\ﬁﬁ‘éﬁ@wﬁ%mﬁﬁ%“wla i&%’gl?eé orientation can be
[076]N t (MeSAMNtASe HtYe PAIREds M Bredér InveRERR & thhPittid18ble to provide

m cropores in the previous plane. Thus, a tenperature
conty aueemacipias (wellrasgwicro ykitecture of ébu@atpé acqﬁ‘ﬂl@z nighe rhpidiprototyping

sspE 9 A6 aftrilsdyit 20, AF ARG R ERm B s himensipnat CAD

des1grm/B/ﬁbﬂ098re§blf kpeetEc did nd@ednedtionPah Be 2fbatadant tﬁe freezing step of the
m cropore qQrientations in the desired direction.

I n
CIYORPIEC JUSTORYPIAR PTO%EY- | Bhrefore, ofcatelds fobrieped ith the methods of the
pres%ﬂﬁ%r&mﬁ%aﬂ%e‘%aﬁé eh %r B%&{Fﬁ rtlshlt?e B{rgg%r glﬁgﬁ‘g%&l&n‘fern‘?satﬁ addition,

nperat ure gradi ent e des I on
the usb loﬁpmrogemst is eliln@thtqalowh drel methadd afitbe prlefeh2 fnventiomn. eAsitiese methods

ws. t he cross.se n of . the scaffold CAD desig
mﬁk%m“%%"? %&FWOP%?S&%’Q? Veplsy i <an be arpliqdo s Wlﬂeefénge ot polymer

syst@h!@ i WQ?ethﬁi feaipBrattBEREN 2418 %llgﬁvaﬁieeﬁh'bérpﬁﬂ_ajefgﬁ of bioactive
25 AT3T4 and AT5T6 are created. OI1T2, OI3T4 are the

compengptsy suchras growth Bgtoss ped pedeintwiricla dll depagutet &ttdngl@ﬁr temperatures
(see%:ffe%%%n y2_coor dinates. AT5T6 is in the |ateral
o (x axis) as the lanes or threads are

[077qiep053t1ﬁ¢romcmt§ rwisicls piagi8edenttRr ﬁa&rochhmwnﬁéc}opﬁ@omm strﬁkbtﬁre are the
le there is no contact with |lanes or thre

thwlffﬁés Prthe PolEes lages ﬁ@@adw@r@@rﬁsm@a@@ra@dgheaﬁh%?ﬁ ofithﬁﬁolvent used.
[078322:12'11@ chice q}f%ow%n Q@lé%;’s% %&c& ‘é‘[’le%] Pisd B? ﬁg&w,ﬁ)\;éﬁf G 2 larger

(contact ang
latemti leao gf dodien vmllh gakm kcxngﬂotoeﬁreaaeewhrchenéaeﬂ d slotvee rate of cooling. In

direction o erature d igure_10 b). .. . i
addiffph e 1St i pefyn g pgrset Wl alsh EbRithe %ﬁaﬁﬁsvolﬂfgo%}h increase in
mas$ 6f p&l?ﬁl%P Hié?&ﬁeﬂ‘" thbrel BLERAA0 %Wf&e ﬁ’c%%%rcﬁ{t}ié Solvent can take

gradi ents of different orientation can also
placc:rﬂmt&fdreaa targei igetioraguired farthe tagesittiedo dpet and the rate of cooling
1(glﬁ%ure 9 shows CAD scaffold WO 2008/ 069761
/1 S&007/ 000415 23 design with internal channels.

[079]'0 f ale 'rﬁ&h@dst Be 1% ﬁfefs@ﬁtdmvbﬁiﬁ)n%@ ﬁﬁ%ﬁa‘f&@ fusthsi 'c&ﬁﬁnse using an
into 4 planes to be deposited |ane by lane in the z

orgaaiei sor [ dfrpanfae sebishbpohessadvant t kas dm‘u nfed tepemplgn  1,1,1,3,3,3-
at h of on t he pol t| on

hexa&‘lﬁ% 1%‘1%03%“%1? p@ﬁe@ ’t he Cﬁ@@?’opo’?lgﬁerhr ep f or%&gﬁi} N,N-

dim@hyl fordlamPd O WIIMEFY,h8yater, formic acid, acetic acid, lactic acid, ethanol,

trifluoroethanol, xylene, diethylformamide, hexa-fluoro-2-propanol, dioxane, chloroform,

dimethylacetamide, dichloromethane, tetrahydrofuran (THF), trifluoroacetic acid, N,N-
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5 size and orientation of the macropores is defined by
the deposition path of the |anes, threads or drops of

w@oiogres76s0l uti ons which formthe different pleCESGEO7/000415
t he scaffol d. [075] To change the macroporous

o3R5S A R 8 et o

ketog@td&%e poplieasdhos, g%dgfe tdilihansiend, Hepads, h&anélr@ianol, ethyl
whi ch are di spense n the reaction chanber. 10 [076

etheményéalpah@lag@ybacettate dighloroathybcathen tpirashioaide; prpagl Pléﬂrobenzene

| S t hat t S I I e t Vv
e blod BT, 9P LAUEC e 8 S0l BBl i i o
hexdﬂ&@tdjls@pmpﬂioy PP anﬂ&ﬁﬁ@tﬁre@fhefd@é Inl coicteixmpplsi dfl tha@btesent invention,

t he fabrl cation of custom zed three-di nensi onal fCIAD
an ingagAnimoIvant BT pERICHIGY AP ¥ %fPazSe‘né’Hth SriERies fiogane, benzene,

t it
I3y e SR S0kl BGEAOARY lod P mBENOORAS. morpnic
solvmts bret e exatipbe) acetbng, hmtélﬁchﬁxrreﬁmml; wataremtsul]gﬂlunalacﬁe Examples for

tailored for dlf ere 1issye inee .
orgafl@qﬁﬂ?\fe@ﬁsemesmew cBg diﬂiqf’@ﬁ T Lyt S heaiu gPSB’@H%“‘?Is(HFIP) molten
t d t t
phergl B Alafe hiiy! AR TRIHRC ot PBYPURSRIY pyBE b @line, oluenc,
heptmﬁe dekaren trssthanol,cethylbetherp pilivé dileoboh athyd eacetateyalidfloroethyl, carbon

s YT 5 X B R BBt b, cone

cres@lu eRlofshefs et @cﬂcﬁfé&@ﬁes ndify IR €3RI, Noudtili 4ebtatd, Iblen£ie R&loHbE benzene,
hi gher terrperatures 20 (see further bel ow) .

dlet}alfq)m‘lamgbg bexa-{imrer2-piepanpdndishlorrangthanegnixed with tnﬂuor(])acetlc acid,
t
o, SRR, SN 00 A RS SeBlp e o, N

diméthdli aeetadifidé (BMAR),VIERIP nised.witl DXE], isdpeosid alobholoﬂPA) or hexafluoro
solvent will also affect the rate of cooli (%J
isopygpenpla Frighey e ganiaslyenthean befoupd 4p §Raghs TW”%@@ &’ﬁ@féwal Organic
C i |
Chelta%étfy’ ﬁ%ﬁ?ﬁd‘f‘%iel ir?;agsgg ?ge?ltlg% ﬁy nZBfl%jelr eg)tggﬁ glgtd &\C/}MRJlt n‘ilﬁgtna 1:S E)d‘b@ﬁmltmg and
furtheet fraxtplehef suitiblesblvents Wil e kudwh to a pensers skilled lmiias ertof

108} 5 15 RRE RRSE s gl Bone g X ralS ifinopoed by the

dlspéﬁﬂ%egpéeﬂ Mhel sizd” 6Fltel §ide0sf thBEIISRARET RAIUNS PrésstieORith which the
nd the rate of cooling is slower. [079] The nethods

polyufer solutipn @sbsnenmdvémth@ Feagiien eserbst.or e furt her
onp S 0 0
(08 @ol vglr}]’fslg C1§1n gxtgé %&hgdf gf ?‘ﬂ:sﬁ%%oﬂt qn§81tf‘6ﬁnﬁ1rthpi* comprise
varyh%xfhfd tﬂiﬂﬂcﬁb@&ﬁ\’ tthaﬁmis ﬂh‘lEJdE’)or dropd on &16 dili@]l_)drséd pb};imdr,solutmn by
apht hal ene, N_N-_di met hyl f or mam de
using aF e one pebdle s dipeRung e pabIPe Sﬁlﬂtl@n héYlﬁg rYéng diameters for the
r r r
outl‘%;c d)? }u?‘g l?g?%{] rlgérsg ofé\% g dll‘gf)c(agﬁ%&l {hﬁlo(r{)iflgt‘f %?emng of the feeding pipe is
the ldtgee theydiameteant te, lank, thicad ormétoparfehe pelyneeh gdiutibour larone aspect the

(THF),  tri roactlc acid,. N, N WO 200 6976
dianstep A5 OIG HE I REAA 1S e a T g ?B ilmmto about 1 or 2

] AR5 Rys24 6980k 01302 B yhgpe ol orl de, ot hy

tone, octane, propyl alcohol, pyridine,
[082f et r &h bmehertaspact e, mbtbpdsmfethe beesent éqventiom Amtiier cempnise varying the

speed with which the at least one needle for dispensing the polymer solution into the reaction

chamber is moved above the surface of the reaction chamber. The faster the step motor
moves the feeding pipe over the reaction chamber the thinner the polymer lanes, threads or

drops will be. Another option to influence the thickness of the lanes, threads or drops
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ether, ethyl alcohol, ethyl acetate, dichloroethyl,

carbon tetrachloride, cresol, chlorobenzene,
wey®BotIgsane, n-butyl al cohol, butyl acetate, PENgG007/000415

al cohol , benzene, sul phuriesacid or 5 hexafluoro

|sopropanol HFI P and m xtures thereof, In one exanp
(dreplefshds e Laming; the HERHng RESSFRor Hereleres dhe éﬁ%th‘eéseelf the present
1nvb§t1cﬁf3 ¢litiera&d 1‘?5re E@Jn?n WRES ?e%sdr@ @ﬁﬂ &hnich g&l er solution is
di oxane, benze exahe, carbon tétrac Yde
dispensed hyb dmemtmmhameuﬁém hagheo ltlmmessum)iswhm thwker the lanes, threads

or QPIeR Eh e e G ABPIPE 5 e iR fhggnber

[OSBEPV ‘Fh@ gﬂlfn& @bl\ﬁﬁﬂﬁ a2 be dﬁ%%ﬁ@éh%ﬁh%&éltﬂ g fe‘é@ln{g plpe of a prototyping
hexaf | uor oi sopr opanol

apn@hﬁmlnto ﬂ?&gmqiil@n@h@mbn@bshyflay @f hwtlrkletl@ d@osﬁma(ne depos1t1ng threads

M AT T A ———

depbkim‘ﬁh tp&t dlie, QJiSii] Or, OB WLC. L0020 RupiLt WaGEH Oped8 preferred will
N, N- di net hyl f or mam de SDI\/F), form ¢ acid, acetic acid,

deneaétqncthﬁc\’r ' physieshanodel arhidiiis beild epaiare bricplane by the prototyping

appa ag% 26l %gl’r{]l gan gi" yéro‘ﬁ%tﬁ@pg Q&‘n}é i ffkRhGa 196191@”2 and 27. The

exell’tqﬂa'yfdpp@lrams&hpmnﬁrﬁig,Z adidcm O i b Eeetingepiped HBwever, it is also
fl uoroacetic acid, 15 di oxane, chI or of orm
Posaﬁ OrRFE A0UPIORINIRE aRNeEAtEohayMRg FaFrethan gne faeginearing agmely 2, 3, 4, 5
of e(v'gﬁ@ore %e%néad P& hyl acetam de (DMAc), HFIP m xed with
DMF, 1 sopro al cohol (1PA) or hexafluoro
[084% opr Eb@mﬂmﬁc{-'dmtehﬁonm@ha reactod viemhiser caderbie nbcspmiﬁc requirements
as ]@agtais e -Jlr-c%é gr? % il qup cl[.?gl gc?c%leda m %gveélop uqz;otﬁw scaffold or

scaffBRIB to b@nﬁﬁufabﬂﬂ&éd‘ iAGt. 8N boktsthlofele R¥AHR! cﬁﬁm%r i3 5k géﬁ%bﬁ flat and is
solvents will be known to a person skilled in the art

magof mgw], cerrmipte and Hifferentrdndstdfelastice kngess. Howelver, litinelso possible

to IISQ rr@a%ﬂor? rﬁha%lg)e% %tihl a?;HJceh%% % Irclzg gﬁieg%ey qr tg ?ocf:ag pli\ﬁtg fogx%a in the reaction

chahiber phes sdiich thet deaffbidc suposedotoybee dispOhsedl] Bor bﬁample it might be
di spensed into the reaction chanber. F081] Thus, in
des%’(ﬁ‘b‘?ﬁ‘é cglepdiotlopietatahl ¢pgadrst lmth%reapfé@b?hmnhw EP(o; vch the scaffold

s Rel GBI AR P RLESR ply Ry s 2
[082}3 usT]mfg dasirdbéasharacteristesdbf sﬁlmbldlps»bems nghlbhecan be used in the

ol sol ut avi ng.varyin lameters for th
mefidy nﬁ"&é’é?ﬁ%@%’?“ MeAtE ok tnie e GoeProTHE P pyanted tissue
respdiSe A tth@timpRani #a &f thkh@nfeegfcng ﬁdsﬁé’ss'tﬁe ﬂ%h@ sufa &€ Bhemistry to

the di ameter of the lane, thread or drop of the

propotey el aeshgrend and ifanasion) asp diedegtadabitity et etegmidablaanto nontoxic
SRRy L
in tlﬁklf &t Bnd San i@cldd@pélyfhess, Bythe dodfErdrs bid 8sahi@r aspect

he nmet hods of the present invention further conprise

[08@]ar yi FRjtablfe cergpaiesd cap the, wior cexapipde, ag- triesdeitmo mhospéae@t eB-tncalcmm
phogﬁ{aﬁ% %Pcﬁlne?lje il %?Qéi%g}a}ﬂﬁg ﬁlgjt e%gtgp e{s %éts?lgg%lg I%% s would be

I's noved € sur ace

collagenyb Qibly(IDtIe-lafcﬁdé)e r (RID), spely(rethaties) W@?(sﬂbﬁarfe@ﬁ di lpBQ/(sﬂlcones)
poly(g{ﬁlg over the. reaction chanber the thinner the

lene}, pody(yinyh pyrrghidene) wpolly(aydragy ethsl r@@thaqmlat poly(N vinyl

T e RS SR T

poly(vinyl acetate), polyacrylamide, poly(ethylene-co-vinyl acetate), poly(ethylene glycol),
poly(methacrylic acid), polyglycolic acids (PGA), poly(lactide-co-glycolides) (PLGA),
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(droplets) is by varying the di spensing pressure.
Therefore, the nethods of the present invention

WO aosherretonpri se changing the pressure with wWiCTBG2008000415
polyner solution is dispeneed into the reaction

h k
nylop%n e?ofytaﬂ’ﬂ‘ggdsl ‘IZ;\ g figs: 2 Sﬁﬁ?’gﬁhé?ﬁeygo é’gs: il (Bvom),
poly&dSir@l‘d&Bné hﬁollfy@ﬁfﬂyln dcditBp pdlyanymgdmmeg |Imy(etmmer oxﬁe) (PEO),

he polyner sol ution can be dispensed thro

depﬁ@ﬁs@éﬂ ichigosgnpeellgtose efhen celiyigsan el IHB%%P%F?IU Supringoq pelyethylene,

phengﬁrc) %o'l)? 0. &%?ﬂ;ﬁ)}gn’g;% %@%[09%10 @rﬂ%' Sﬂb@%ﬁn&lﬁ@iﬂuﬁé pelyacrylate,

polyﬁ@rlmsaioll@n polyearbolepgsi pmlgcyanbar&tedrfs) qn()l}&sker; mbpolyestensarbonate,
ot h dep03|t|on

t
polygAher pAyeth erg%;;kg}onq& &pﬁy@&l}pﬁ]@ﬂfig ppglglgﬂjp&?tqﬂe* | polyethersulfone,
b | gb1 1 id
polygﬁﬂgf%ﬂg Wﬁbﬁ%&eﬂl ﬁgﬁg% s r?ﬂl\,%ogjgﬁh%?%]% b %wny ene oxide,
polyphmyﬁﬂne of sulfids; ot golxpronylenspar avkystyrene; | I leysdﬁéd, i npolysulfone,

st g e B T SR B e

ﬂuoﬁ&’eS SfeBbRrdted lé%ﬁul@sé”ﬁﬁc%n)ép hf&—i@ﬁﬁélﬂa’i}& f&ﬁ&' dd@oldces or physical
han one feeding pi'pe, namel 5 or evén nore

blenﬂ@eﬁﬂhn@ patpasls. Ipm]exainples@emsari or Lli.Avinusedras bissdegradable polymer.

e o TuSORNRE SR R0 B o B LG 6lea, o

exmﬁﬁglﬁaﬁﬂgm:to house the scaffold or scaffolds to be
manufactured in it. The bottom of the reaction cha

er
[087]s | Msguedpasly mentioned if ss Pasaifle tof adgptigiher @&S'&lﬁ?%ﬁ example at
c t t
1eastaoge gioa&?\[e gfbb*%hgéjscoot ﬁﬁﬁértcs?)%ﬁirog%%s@ SinS Ww&fds dflthe presen
1nveﬁﬁ@ﬁ h%romutef @Gﬁ’ng‘tafp&oarssmeanlthmsmﬁbf(hr ther forns in
the reactjo charrberg/g%f o which the scaff

[088]1,p 48 B ticBah SURHRSE SHHD 988 SUBRAh e n et wifi gr‘fﬁﬁ% into ghe scaffold
can 98 %Jo‘f‘fﬂro@:eﬂ orhRe o tp%nélﬁ& baWhé Qf)ﬁlle@bélﬁlefrﬁ? HiRing thethBirectly with

reaction chanber on whi ch the scaffold is supposed
the tmlmerdlsebmnsedr Wn applying ethﬁoadchtlpmﬁés componenis tsimpltaneously or

r is_sho I
subERGG B 49 STl ot BPRp SR ErY Al Rcs A TEs fggectin and
laminth Ed¥Ebe B IPpBFttedivithitethp SEHENE nidtie s pRAM@E eellular activities such as
bi oconpati bility . hot provoke any unwanted tissue
attaghegnd B8 migratien T I(mﬁarﬁl fregecraingt fiep serves 19 hwphidize the molecules,

0 Q%EL Ly to 25 pronDte cel
Wm%f%ag%ﬁel tgg{eg‘g&%ﬁ}g%%n; egradability (i.
[08%]egr adlablfigrtlient gossibh @o(leﬂhameoaitachmantl efi\¢elty to Hbe blocompatible or
desired living_ tissue) Pote ial mater.i Is are

b10dlegra§a‘t§§ rsg‘gﬁra§¢< by cé@tlng fibe geafipld matpx with ; hQﬂCH}ffé sﬁbs?ances such as
base%ﬁ EHTH@deﬁtsp Q%a)fn%ra?os%ngelﬁﬁf Yt rabid) %@ﬂlagens fibronectin,

eceram S can for e ctrlca crum
1ammhggbymt;aemn6§1ybanspm1mmthqmmfs pxtchmtem\mnatmabrlmvmgtmOpertles similar

o TSRS B T et W B AR vt
and %@ &%Hl'i%i Eﬁég@ers %ﬁédfé Sthé %%@ ﬁovu[éobd/éq%hﬂel $PP&S for the cells with

pol y(vinyl pyrrolidone),
subq@quqrfc 2rdwttirand ypredifasationelf MS,yndtléf;lg npbiayl(SN-gmwiylfactors inducers of

diff %%h?o%?@@ﬁf&eﬁé&%éﬁ{@p&e t 131% ebm{l) n){C‘q\{lllﬂgIJS inhibitors of
1nﬂaﬁtﬁ1%ﬁt‘i’<§r?)regﬂé@1&i@%dﬂ)1§nbﬂﬁ0%1&ﬂyy ﬁ&iv@)’écﬁlﬁﬁmﬁﬂs Wlﬁéﬂ enhance or allow

acet at ) poly(ethylene ycol) ly(methacrylic
vascald;ardyxgrom yg ux;ggwm:ofé&qe ymphx@m) network or nerve fibets, and drugs, can be

inc rXt(ehai% 0 %trgg 54 ?lllé gcea%}olé PL’%Wded in conjunction with the matrix.
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WD 2008/ 069761 PCT/ S&007/ 000415 26 nyl ons,

pol yam des, pol yanhydri des, poly(ethyl ene-co-vinyl
wa@bk@ehel7$1 (EVOH), pol ycaprol act one, pol y(vi nyPCT/SG2007/000415

acetate), polyvinylhydroxi de, poly(ethylene oxide)

S I E TR e N T e

canﬁ’@fﬁﬂ{é:s&ed p&lu)éeﬁffomm@&hgﬁe&@ne, pol yacrylonitrile,
pol'yam de, pol yam dei m de, pol yacryl at e,

5 .
[09030! y Remouiazbe eolvpat ferarthoseatield jskps phremba figpet-figing (also known
ol yest.er,, palyest.er carbon I ST :
o ORGP DU B Pty o o forine
maté}ﬁ:l ¥igd hgérﬁtddﬁlelﬁlgith? pﬂﬂm&td:mg pfbgs_ur@ @{1& faﬂdm:gomiﬁagh :hpat to allow the
pol yi m de, pol yol efin, polyoxadi azol e, polyphenyl ene
frozeix $apepoung ép gfmr@afw@lﬁ@ suhlimné @I‘é‘?oﬂb’%r% F?b“p{?ﬁé liase tb gas.

[091@8: gﬁel?f%%ﬁf ! iﬁ}ﬁjleéi.edﬁrye%f’%/%{‘ﬁ%f&@&’for th? )})urposes of the present

uor oe ene, °p I oet her, polytriazole,
inveRpebny, wuel ey pedppydtong] mamcily Vieexd drgemsportttayf freeae doers.

regenerated cellul gse, silicone, .urea-for.nal dehyde
[09%nd Caongiieas B‘?SS%?@% themethofs it e G oS RUBRC G pighle a further
stepLdIT ggj@gg gﬁéﬁ%{ﬂ‘gbgb &TfﬁJP 'tﬁ@ﬁ@%ﬁgfryiﬁgétépsto Ye@bvésesidual solvent which still

ol yner. itosan Can, for exanple, be
remainsd ol thescaffoldacet i ¢ aci d whereas PLA can be di ssol ved,

for xanpl e .in di oxane.:. [087] As previous . .
(053 ont /T5R BTy B AoF et ttmrery PO b apsseut invention or
the fhuiBXarPd€a &daffold fdraRsle SEnd2HARCK ARty RSEeRD ER, prégent invention
the polyner solution used in the nethods of the

refepsrte ssnaffold pbtainaddy a method abthe Ppsen iﬁﬁeréfonn co-tissue in
he scaffol d 088 A - ‘ .
B L P e T

alsobBe B&D bHILIRL 8. fidlh asetignepap@békng aheparappifembly used for tissue
either by mxing themdirect|]y with the polyner ded with

engingering @m@ﬁeSbyheaﬁﬁgrixi%SQaﬁfelda%%iPé??&m Wy RRisHgght be seeded wit
S| S| S t ish

one ég%é‘%ﬁ%?@’?’hé&[l 18Rs! PQ@@S@%& YnPRERe WS CE R hbifkant wishes to

i ol ogica es such as fibronectin
deveélop in laadronithe seaffobdé ai peconpdilteddd the aiti wilk kieoves sdiidhopal line or cell

e e R B S e RS r D50 B g e v oad
furt§6 MBsutlve ¥ aRktick td 8hd xRl €6 ehBsce dekblePmehigiid B&wing of cells

to preserve the proteins in the matrix. [889] t 1s
seededronithe sqaffold.bl e t o enhance attachment of cells to the

i oc atible or .25 hiodegra e b .
109hoat 175 el dppaPerl PR AP Crdt B S st veet for
€so %Balaﬁssu@a&%iﬁé&mgﬁ IFibrebRste oAb keritisocearare agad ofoe, skin tissue
gel"atin, gum arabic, collagens, fibronectin, Ian1?|n,
engiglegiiess AviypRIgty cuils endptelinl cells e aised o rfpeBicpMascularized skeletal
terjals having properties simlar to biological
musrﬁ';ln?ettr%{‘g‘{igrml ecul es known to those skilled in the art of
[096k! | Fulekumple, Mecdeaffoldalof thenstedenoniventiantarpbe ssededmith fibroblasts
ensure the matri x provide a%&gu?tﬁﬂfupport for hﬂe h |
for gleinregapFtaHOB O SABR BYTEH: SR SRtth It heng Sy slpRipgtt ghanother exampre,
in R . | ineeri Bftént to have
n SIS Wi SRl BE il Laghags, L B gy
epitheltal efellomo fommilo roosaatayes whichhadts kortise barrier to the transit of food.

i nfl ti [ fact bi ol.ogi cal ti
Smécgpfwa m%]g§leﬂ?q§rg {q?s%%ﬁ«iﬁ:gegr% Irea-glie(p)%jiﬁe mlu(s)clg %{y%fa o% the %gop \a{gus.
[097] The scaffolds can be used to provide an ECM like structure which supports cell

growth and thus regeneration of the damaged tissue. It can also be used in applications which
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vascul ar ingrowh or ingrowth of the |ynphatic network
or nerve fibers, and drugs, can be incorporated into

wao b@sied7si X of the scaffold or provided i n conP@mEsGROM000415
with the matrix. WO 2008/ 0889761 PCT/ S&2007/000415 27

: req%r%%}i de%‘gﬁ tmlméi C oQ%e}%\%;%b%g%ﬁgﬁlg%rgse%gﬁ%%gngi%eérgg muscle tissues

(Lesyidhg . ze6l.,72005 Usprd)n form ng matrices. [090]

Renovi ng the solvent fromthe scaffold takes place by
[098} e ez Ebel peatiodds etndsokrovaed ferslorslizstideliveryiofiherapeutic agents as well

i ' LQul nge.. Freeze.dryi ng wor ks by

o SABAIRS e BF el Uy RLARIT U ELERR A0V N0
[0981ir r oBpdeargiging oFUTsemedd irRtldifly 260 Oiuated6 vhiteydd! thMWs the phrase
w.the. frozen conpound in the material to subline )
CopfIFERE ¢ty it asp | papsisiiag ef'tiadigates thetie listoidfel emments are required
or o i iBAER dHfdf HchndiMInBPndBRdafior Lhe pur poses of

the present invention, such as o ary evaporators,

[01f@hi f BY d'compegieg'tityisrseanoindudiye, figane ek ®, WHRREr follows the
[ 0 ble in the nethods of the

tionally it is possj ] hog he
WO‘%P&_QBWPS]inﬁve YSoPa e e terad somprigingh gdicatey thatethe dsted elements are
req6ikad AnidWRitctaf elf ot S IElE\‘E agetr (ﬁﬁﬁ)ﬁéldaﬁﬁﬂ' IH%re(élrlﬁ%r {1??%)&3 present.

renove residual solvent .remal
[01Qk[af f Dhelinveoti®)s ifhetrativebe described itetam radys suitadlyebs practiced in the
absé&% use of . a m;t ho% of thle resent jnvention for . the
PR T R AR CLET 0T S EReRBg “FIEPU‘P} 95 Jumitaipnse et sppcifically disclosed

heréNOThey, fais Besiplt,'@ie RERSEMoniptdeRt | AAculBEE! &ohQifne"
scaf fol d obt ai%ed by a net hggl ofrg t hecgrle ent © ﬁnﬁng > eftc. shall be

read gxpansively. anfswithoy) limsijasiont Addiglonalle the adrins| aid axpteasinesiemployed
i t ] tion. nmight —also be.
heh Bt R0 R B9 (RLFOEPL sh XS Rl g B menin

in the efecsfadnkly terarhntl fkpiessisnkcof @(ﬂﬁidﬂ%%ﬂ%u%‘l@@sﬁ@ﬁthe.feamres shown
d'ﬁl'geé_@fgr e, the scaffold of the present 1nvention m ght _
andfescibet Of PRrtoRs thigeofobutibisaeegatgeq dhatariany mpfliisations are possible
{{1RR ARG W ehlis Uil Sk NE ABRY '
s devel or?ﬁ!)ig n&{z;ﬂr%%j Iﬁgﬁh J{l e%gdcl:ﬁang' (;llkh élts’aﬁ 6’2‘?@8 n 2’% qeﬂé%o%sﬁla{ %%hough the
presgnt inyiehtiork hasvbetri specifidally| disvdosed Wyeptefdfed embsdiamntsband optional
ded,.ant.0o t he scaf.f ol As previously nmentioned it,
feaﬂﬁ%g’al}i%%}%ﬁ%%o& SR lanet tedprRuP b FEsedird Ecggip Serghr digclosed may
be fefortddetosBafthede ekilfede N ARCAt, AP BRM mdBMHSHGY A% Yfriations are
cells seeded on the scaffold. [095] For exanple,
congideph igletvitBingbe peopa o€ thés isaentionand epithelial cells

 for L ti i neer i ng. ,
[01@AE, AR BhionCRRL AT Riseliba WEha B0 ot Srbitfaly epsin.Bach of the
narr@®ee ngicies emdnaibgddepiol &x66;siny faﬂlir%r‘df@thﬁffﬂeaéenﬁﬁ& ld8scRYsBre also form

used to engineer vascul arized skel etal nuscle tissue.
part [03 glg] InfeRtiqay, g‘ﬁ*ﬂ ipcludesdhe gamerie| dgscrigftionted thy wyemtion with a proviso or
At kit R G ' ikhropl asts for . skKi
e egener at Po%ﬂg?ﬁggﬁg gﬁﬂ?&éﬁvﬁﬁ g?ﬁg%%el TP Fossgiess of whether or not
the ekeisedl omberia is dpacifindtshetiteidanghe, in a scaffold which

1,5 used for tissue engjneering of the esophagus, it is
101055 o s b chEHS a5 Dbt [oowens psineomkloman bising cxamples. I
addig]yﬂ,?fglgeéé PosBIredBY £5PeACS SihB velforP A% defliinh® id fmb bANRI ush groups,

those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.
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Snooth nuscle cells are also required to re-create the

muscl e | ayer of the esophagus. [097] The scaffol ds can
wheoos®erdet o provi de an ECM | i ke structure whi cPCT/SG2007/000415

supports cell growh and thus regeneration of the

damaged tissue. It can also be used in applications

whi ch WD 2008/ 069761 PCTEMB# 0415 28 require
[OIOHLgh(ﬁ)‘ﬁltlloldgf‘%ch oﬁd}g NRfREE T &N raﬁﬁ%cuhahﬁ&%ore size and

such as engi neere nmuscle t1ssues Levenberg, S.
orieﬁtatx,on2005 supra). [098] The scaffolds can al so be

ed _for localiz ver of t era
[010\%; | In grdeg &9, 691459 i pﬁéqr%%cg size agg] ol alcéé o ggﬁ%hﬁsﬁf‘e carried out
to shitfyOfle efft® d)fn agfeedill Sokess %&Qﬁ%rsBYFheCﬁWSt Signtfgzaﬁﬁ‘ parameter in
Ismeant including, and limted to, whatever follo
conttdibng threagacropersriiiesisi g temperahine dﬂiﬁﬁgﬂ@h eggr@en the solutlon and the

charpléﬁﬁmgf:orgar ﬁ.ﬁ%eﬁ ﬁ 6 ra?e ﬂ% H?%zn%@?s f‘a‘st%{1 e @%ﬁt% sﬁngtglier frozen

solves di’{/ﬁﬂ@nﬁl the Q40df ﬁMnalC@lmT ithd fiezed trysmlsrmﬁlnlte larger as the rate of
i ncludi ng, but not limted to, whatever fo

freeriog ds newhgewsr. rige, expmples belew othopn thap éliu?nmi‘h}ﬁ’ﬁmslﬁ ngiid for both
i ndi ¢ t .
o557 Al ST e Ay e A s
protH@?én@(Rﬂm ypreessbe present. [0101] The inventions |
ustrati vel y delscrl bed herffl n rray Sui taI y be

G acts Hegus PSR VB SEROR Y CoHHAAYr 7 el enent s,
[01(#]7gm L3} nvo‘-i’r ﬂfﬂoggnt &ﬁdt 1n Z‘%tacéh‘?c,e&;ch(“1)‘1 Gidlirt¥inéd MWE& dispensed
or exarrp the ternms “conpri si n%
accordmgltd dhen gibpeﬂ'smgmm nﬂm;gateden & ig. s7na1d frpeen gtechgmber temperatures of

expansi v t.hout Addi i th

-5, 2oy il ﬁﬂ‘g %‘;(g @séﬂt@ﬂsscéﬁgfiﬁfigf %reﬂ Pqécrﬂp%'g\r})? ﬁ 1% shows the
effebSScIREnHeE téHp@hiuflest Miblobe i forashitoanl sdaffbmm Tris observed that

and there is ho intention in the use of such_ terns
WIﬂam@re@sapg shamberdenpereies arfl depreasingedly losgernes sizes ??f—‘eobtamed Pore
at ures_sho C

e
_45ﬁD$SCb| e Wwthin the scope of the invention clained.

, 1t should b d d t hat | th h th
(01 GHleadiEsEdrie) 6h (Ahsh e SNg gateresrasts §f HectpBotgtig) of scaffolds
obtzﬁﬁeglf ?[I é’“ggf‘%m@(}% Iﬁ:&%ﬂ&’ 9pC' zaht & Heeqdet T the Figures that the

tion of e i nventions enbodi ed
mictdperesiane heemated degichlbs Hdthma;axm;m thelneciaen @f)thgyemmg,tgre gradient.

skil | e a nd .that su 3d|f|c 0
Thig S eorghent g RN o oo B SRR St <GB B2 jereases with
inclefNiSe tOMFG b anll GhO Hrulfiee bBYEAEY efbrbapehe®n addition the interface
descri bed broadly and generi cal |y herein. Each _of the

betweanr differens panss cthreadd oguh@;@n@fr iTegens (Aney POFANE 165 obvious and the
eneric. di osure also form 25 part of

por‘fﬂggllfsnt\?g’ ﬁmt?rﬁognecg%l udes the generic description

[01@§] t hOrdaf\HabéDddIVent [PI8A i dvk@r)or negative limtati on

renovi ng any subject matter fromthe genus, r
[0189] V\,Hﬁhq%BFPéme cany Hao b aprlied tﬁﬁrgq,m(gpolvgnts §c%?f{)%s are fabncated

usn-ﬁ Z& L4 /8l oY ]fﬁc@{l %907@3@ }(:Ifﬂa %n%%%gc%ﬁgrstﬁfo%dﬂéﬁgﬁﬁéi above for

vvlthlntef [TOW N non-|

chit@XaYRVa8SfollbWed &‘dIdPLAO Fig. vur.%eqags ahé aby show cﬂEMsrpmmgapﬂs of scaffolds

thelnventolon are e§cr| (illlnterrrs of I\/Ih b 4 and
Tabgeaserhat -45 °C (a) and -10 °C (b). The same alignment 0 mlcropores is observed an

micropore sizes also increases with increasing chamber temperature. Dioxane (melting point

11 °C) freezes and its crystals grow in the direction of the temperature, similar to the results

obtained with water-based solvent, e.g. chitosan solution in the previous example. After
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30 those skilled in the art will recognize that the
invention is also thereby described in terns of any
w0 psedenl nmenber or subgroup of nenbers of tPET/SG2007/000415
Mar kush group. WO 2008/ 069361 PCT/ SG2007/ 000415 29
EXAMPLES [0104] Control of m.cropores. -.effect of .
freezeciiytiga thr éwzsﬁl%?r&?t e TRoved by fregre dnying 62 PRy structure 1s
obtajddgOrder to control the mcropore size and

orientation, experinents are carried out 5 to study
[011fhe @hedozewiscafiold déy tasigresciosShpsirAphar bRsiieera drygsdp remove the

significan anet er . rol Li ' .

o) S04 B LR A F R AL RO AES EATe B by o

pump QbR ANsviitcheti b8 aftoh @dQAffOldN)s. plid ia thatigmibeATAt tdve temperature
rate of freezing is faster which results in smaller

and prasswrn, thedQrentsobient ersigls Yaporie leagng behind avpgrops stigeture. Low
the fr.ozen.cr il ]

el REERSEIE Syl bE st BBE LR B s

The sbiffolaRE RGNS Mhé Rrestl draerfavermighth add thecfired peraas deaffold can then be
organi ¢ based pol yner solutions, illustrating the

remwg%mm[thquee@p deys& rapid freeze protot ypi ng (RFP)

[Ollgiloﬁ | otheIr %ggkaﬁ%ggﬁgg 2e6af H MR ardeCRb R hamber temperature

ninacetic a 0107] 4% wt./vol. chitosan

(-4530), U1 o 8caffodd28va cataller mixradorentail fta) asdorapargBtohijogan scaffolds.

This gap sy HERDBIE A1) Py e Eh SRR CE L HSABR (334 KI/ke) os compared

t 0 ‘s a 1 3enedt, ASE Heat RAAttBIbR lost before it
to d{sogg?‘fegﬁégagfg)d%?@erﬁs rerli}%%)ergor ensi zes. Fig. 11 showgS o
chartges tefdlatstatef At Hherspme chemper ismpewten, iivdl dPeralogestdime for water

or chitosanscaffolds. .lt .is_obsgr - W :
to chfgeciply “Enanberpaipl dbpleahh §iu padk: inthbformation of larger
crystad G8 wRRF HaSddZ SSivét SysteindiThed shdvey ehat she eBoite ofsdtegts can also
_up to 90 gmcan be obtained by increasing the chanber
inflyepap thegnigraporgsityef thessaffeld. 5sC. 20- . [0108] Figures 12

(a) to (d) show SEM m crographs of the cross section

of scaffolds obtained at -45 (a), -30 (b), -20 (c) °
(0163 d -GorfEr¢lthf midrosiaumctnee By eomputemaided disigmw @APhat t he

1] Cropor es far (rii entrte ertically in the z-axis, in

ftdre gradient. This is

(0181 d&RiintREAYONG Uhe tsBarrll i RR §hfcrdPofdiefosBd in the shape of internal
te€nperatur8s. The pore size increases with_ increasing _
chatrehpH1afGATR dasign b ecentin diég. W)ethp desige of thsrmelepa lispepsing path is as

addi ti_on e.interfa 25 _bhet wee iff :
soof 1190 5 0 SR 1 RS O CLBE b3S rmoratcd o the
i2RVi lsBGw$ BOWIhé 0sR di d to fabricate the
d‘”’sﬂgﬁt??g?n?@g%lggﬁ e o gan, s oro (ishenised o febricare
scaffold x@nky) a[portiop ofhige RERETol Hothomy: Ahs PobEme BN dg fepresented as

.0k gani, ¢ s e . f ahr.i.cat - .
B RO T e e
slic@b irfi¢ goplhed I Ao e aidthe ROyrabi isalgrensadasiafoby plend acorrding to the

PLA. Fig. 13 (a), and show SEM mi cr.ogr a of . .
paﬂy(p{gfsﬁrgp]gged. For( ea)ch plane,( t )e polymer lanes are dlsgensgg T 8 straight line and the

subsequent lane dispensed after an offset in the y direction. The lane will not be dispensed in

areas within one plane where the channels 301 are designed. The next plane will be dispensed
on the previous frozen plane in a similar manner according to the design. The pores are

aligned in the direction of the temperature gradient created due to the dispensing paths.
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fabricated at -45 C (a) and -10 C (b). The sane
al i gnnment of mcropores is observed and m cropore
W@ 2M896HEbE0 | Ncreases with increasing chanber PCT/SG2007/000415
tenperature. Dioxane (neltidng point 11 C) freezes and
' crystals g in th i rection of the tenperature,
[Oliﬁ%fn'l ESign, '._-efi__! u_ ;.!L.‘%'—J_ﬁliﬂ; op

! SHAZSRRHLERUUSSUSt er - based
01991 v . . i : |
[ 22]'61 e'lﬁltée. es%%aﬁagu% hi b @AM R4 RRhiRtenAE %?ﬁfgg%%%ryn% 60 the stomach,

. i . ter WO 2008/ 069761 PCT/ S&2007

its fpiseipactimybeing to $eereti wxeawrseandr tyanspors fandetortberstomdclnyFigure 28 shows
freeze dryi and.a porpus structure j§ . qpbtained. ... . .

the 3 Spocne s JaipEaly HaE driapr sl o %6 Mefiprecptich is a thick

lay PR sttatdiddr &f@modls ¥pithdlint. ENBMEist fhe subhRe6 503 V@Ath contains the
crystals, The freeze dryer is kept at -50 C and a

muGeyS y 8RerGtisge lands javd elpopsly acompegtsinthewimiuedsai to dhe trowrsltp layer. The

t ' I in chanber,... At -l ow
oI Slerb L SRR oA I R T el ol BROERTS Lyt 28 e tayer

403viepanusehe fiberaviragedd aliicath f@emiligUshisd iUk Wik 143@W404, the fibers are
ture is required as the scaffold has to be

t ]
arranggs} eitadipahon Henenis dssising:a waifeldsior ssqphiageat Eissue phgineering, it is
SRS 82 . b S STAE NP i lon Mmoot sl

cellshe freeze dryer. 10 [0112] Another inportant
at i is that at th ti nb
101 Pgp Rt > a2 Hoshet ot ACSEADE G GPui 6 S0dl Jeresophageal tissue
le€HRR OFRShdlicdDBhnds 260 i ' '
eng%?i sﬁ)iéc)an be %t tributed i(%%gr&e%g%g@gﬂﬂ?gﬁgyaﬁg?éﬁtthe muscle
layaiethte isherf chrinoels (1994 acd pkighted sircomfaemthllyt whidk theaoeter channels are

. 1 kJ/LKkq) . .wat has a higher | aten eat, nore .
oricled o Bl Tt Toarie s OLRERLS B S PipeEtifpat ciroular
chael 110001 SfEn chasdaehld APREakiRal 1bhgididal tBkfeR 10929%his mimics

time for water 15 to change to solid state as conpared
the wapisgleofibgreorieptgtion gl theresephagup.nFerhhef ippetamostnmygosa layer, a dense
- ar.ger t a sQl y: syst e Thi
barh 08 v ELUFLELS, SISl REAS BRSO - GTUE s e
inneripelymerrlayeo maH ibeydender twith stivdlef pbids, WiEH 33n Bofbtichte®by controlling

crpostructure by conputer aided design (CAD) 20
the’?%el‘i ﬁoogégi(%ﬁte’b?‘}/‘%@&%é'd according to Fig 9 [0115]
s . fhobd . .
[Oli@']h "l;]lﬁ:g:%ﬂ% § QLI SR tfagﬁéjati‘!ﬂsﬁlg%é;b%%gae | I JPSholR the cross

the shape of internal channe gnh as
sectinmeh vilgw RifgtheoCAD Wlesigesil @l 6 thé eciypolay neangkls pelikd 1§02 are the

ongiRyfed Syl 80k f e e Fsb e pBh b TP B scamor
(crogesdcdtn) Whighl iesifhilef toothe afiaGhatked inSthe WectAHRe ﬁlfrqumlmﬁﬁﬁl this case
| anes are dispensed to fabricate the 25 scaffold (only

the dispepsingopatbfoftthe laneaflPo} ds designedvin)be Tinailgrowlich minipe the natural

] a ' [ be 302. seen,.in 9 .
strog B RS SR F Tpe SR PER ilent e Bl SRR UL e cireter
pathisschashéls et forthed ¥y potatigeniihd pbémer anghat Aa. UK MBfer isStabricated by

. di spensed plane by plane according to the paths as
dispensipg é’Pg@?erPar a gienlap Pathe Withhhepy nf pplygesdane dispensed in a
bt ] ol .  Lane
crohSHRASER L SO Lt MU E TRRERNL S bR oo
of thwi frbzemoplateinda sipeites dfakhion. Figure 15 shows a scaffold fabricated according to

this design, the macro and micro porosity can be seen from the SEM micrographs.
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30 areas within one plane where the channels 301 are

desi gned. The next plane will be dispensed on the
w@e@sioenrsl frozen plane in a simlar manner accPCTBGLOT/000415

t he design. The pores are 3aligned in the direction of

o SPRED B B3 BB A e o P BREAL Bhercton

(3T3EBidHlasts) scaffold for m m cking esophageal tissue
[0117] The esophagus is a tubul ar organ which extends

[012f§ omChitesash aeaf Stéabﬂmteét dmach’C (micTenore siagnce? own) and -5°C
iR 2 BB GHPL P SO ISR B Al U denscy or 45

10° esRE EorobTies. iSeafeslapsibed Ay eis éfpbrinfent e fbdesed whjooding to the
is athick 5 layer of stratified squanous epitheliu
disprasiag PHh ok SSUIAIEEE 740 SREICHPLEBeR (reAd oF ke indispeRsed and after
et i
e b slts AP A hRbel KpSa0URGLBl BEcPBl B gt n
the 4 &mequbﬁrmfloﬁlcm@&phe oﬁfheobcﬁff@mefaﬁnaatedénytthtsldmgn'ﬁhen) -45°C and (b)

o4 nner layer 403 has nuscle fi arran
-5°Cope 6 &t gweawyawim the ﬁel% ﬁ t%%ﬁ @?n%ﬁfg [Argsgpt ipptatic culture in
DMEM) Slipp1&hénte® Wi qu%l PRYl Hed n%- seFRRF 8nd S1% AAS (amino acid

esigning a sca d for e ageal t1ssue
sup;éergérrterbrriedglm)lt [ s 10 i rrport ant to mmc the structure

t.i th
1018 sciter FEappeihese by NufigHrebifEs AR bAE ) Bt Japtbeceo’s
mocﬁﬁe@EEél@"é'ﬁédlﬁﬁa(fﬁMEﬂd f Qith @sRRNaggatantihs %ﬁ@ 4.5 g/l glucose and fetal
engi neerin hel |caI channel s 20, 1002 are

bovigesene(FRYD b IObtmn@dl fegrm dlychmedioghe Uf@lgdﬂ RA). | A efher reagents are
purcé\aﬂb?e]d e ?)ﬁag Sg%?aggf%ﬁ 1%5[18 r%seéggsg ?gcglv%dr&rﬁggsegﬁlg}wlgé leated The

scaffoddigirt uduthizby in 5%QNHCGH 28atigh @S 0anidlues te fenfivetanl @osible trace of
the hidden internal circular chanpel 100é wi t hin

aceticc a¢iflo [The avatipe akttBehdinsed Agpeeirdinar dsialederater okigxt they are
immERNed 7 U]V‘B?é étﬁ"uwgki?é;]ljﬁgﬁ T&%Eerﬂfsht‘?&{ qthle @&f@fldé 51% rinsed 6 times for

esophagus mucosa [ ayer, dense
15 dantdsewithnvi40l mbef mhogpha‘edblfffﬁrecb piltnee(PB) maelrinse tapd cut into 1.2 cm

s B0 P rsfeckig sy capird O et N AP SRar P pipisg, fllowing
norri%l'c%ﬁuﬁ cHfRlitAR "We‘flﬂ&ﬁ%xﬁﬁ tﬁ@ﬁﬁéﬂﬂd% Sathbradk, bthaﬁ , Midl€cu@dr Cloning:

cooling (faster cooling rate). [0119] The f ubul ar

A Igbafatay dMiaguadd] Sold Springailadopt dab Pplpl 1288, Amsgleﬁle epgh, Current
Prot?ﬁcgi in yﬂcﬁﬁcuﬁ% 18}ﬂg§,r bg n%ﬁl—lﬁe\ﬁsﬁlvﬁl %SSB%%&%@&Q ?%?gﬂrtersclence, 1987

or Schagh.t idi NFE, RKianne|Mandal gor Pri@8e/ Homes dédileCditspeMedrigScientific
)at h Tor a portion of the scaffold Cross section
Publip d

liphies Gosunanyi 2Q4) Bhe fbroblasts Aierkesd T seléng eRiCafiy Le'v‘caffold at a
sl AR 1 R O PRSI 0 v
supplaertad withl 10°/8FBS ahd rl% adtitidtéx-agmpyrad o solufitie (pABY frenp to 14 days

at 3Eapd@%p% &@32{5%{3%/ %ﬁ? é@ggﬁctfﬁgyd'a{' g%&g(ﬁqﬂ%‘egé@ﬁgf at Day3 and
L e

are d:l,ﬁ rin&odil ISneactds using a micratomarLeias RM 25RTaGgenamyd dnd stained with

next to the frozen thread. The next plane is_di spe fslel
hemgjpxylip and eosin for analysis. The staining method involves application of the basic dye

hematoxylin, which colors basophilic structures with blue-purple hue, and alcohol-based
acidic eosin Y, which colors eosinophilic structures bright pink.
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30 of the frozen plane in a simlar fashion. Figure 15
shows a scaffold fabricated according to this design,

W0 b@soeloso and mcro porosity can be seen fronP€TieGHEM00415
m crographs. WD 2008/ 0697633 PCT/ S&007/ 000415 32

%0 20]{ Ef fect of mcro- and _macropore size and
[0183] entag fight micreseppe (alympus DN &) aiqtyish takegpze shown in Fig. 16. Cell

1nﬁ11t§éfo blaaste dech b %Lth%h%sd@nhé&f 0%0?Sth£ @pa[ffo%‘t\ﬁ% ?atrger pore size
m cropore size - por e si
(mlcﬁiibor@ simeeabeus @ dag (Migute BISand &, (Imuellmhaxfd 1bﬁhimlt@lsde,eper It can also
fibro

e §Fserved e, Y els freratisBed iy b hamReIn P b e oRREE oTfs data shows that

muﬁ&ﬁ&é @iz@ GinH Q)n'éﬁﬁugh P %ﬂesédaﬁ“o%tc@n S &@@Wlﬂﬂﬁeﬁé&ééﬁleinﬁltranon and
A single polyner thread or lane is dispensed and

origntéwni ng, the subsequent pol ymer thread or |ane |s

di spensed directly on top by offsetting in the z

di rection. "SEM m crographs of the scaffold fabricated :
[01Dy] t hEffeéte Df IfhidlopbRd siARC a@ld offhtationC o R*eARRAP idfiltration and

Figure 12a and d. The cell-scaffold constructs are
vasgalgrisption {ravive cul ture in 10 DVEM suppl enent ed vvlth 10

[OI%UEBFE% &{a@tlglﬁglge@ %rstﬁf i) ﬁ? %g%errfmeA% 3 %@g]s%?lu glts: Ige one used for the

z;zxﬁﬁalekibdﬂrﬁenbr obl asts (CRL-1658, ATCC) are used.
cco's nodified Eagle' s nmedium (DVMEM with 4 mM
[01@6]g| uWaﬁﬁlh ety eighing 30D 19 9008 aramged Erathe yyhgytareous implantation

b TR 5o RERATF ] SORHELIRE S0Py oo, i v

anaSsthetzedlwdth inhal@donad ixbfluged and oxggeai, wdshinistbreds/ia a facemask. A patch
therw se stated. The s fol ds, afe neufrali edln 5%
of TGP S5 SRR if Sheva ot ARBLt 6k ROV ahge ek Eiince A sigle 3 om

dorbd13&i81iR4 1ncﬁﬁ)%t1's Enade) ’P{hrea— bbatathR &%k&g ﬁretcl?@cﬁecf hB&thteral sides of
repeatedly in distilled water. Next, they are

thejinetsipg dy Hlpnt7dissestions Btdqdntﬂsamvmfful@q{faﬁrmated at -5°C (C5; pores size

| f f d d.6
abobt 56 bRt -Gt B p 2R b URF felioChRy B of the pockers,
ens H%Sihappracémétﬁ&s AntarUthat the @caffold Cromdthedhepdre® tBsth @héh other. The
ce

seeding is carried out. The 3T3/ N H f1 brobl ast
lastapesket dstlait SPPEOPY BvieRgvenemial fenmarmel healmgrigsnanspsThe incision is

clo%@: \!(élt% F\ﬁ%‘ﬁl@tgdn ?}nbgpﬁ%&%@é%oér aétgf?egb%}gﬁ%})ﬁreﬁfvé{, &n érrl)]ecnon of tolfedine

0.1 balribedminisitreRitttamusthd8dy in'the lﬂngh foregairatelief. Sukurenire removed on the
rotocol s.in Ml ecul a N ene Publlshln
tentRROSEPRATEL ey N wapﬁﬂi%@? 4'%aslss 8 Wpelaganimplantation), the
rat ‘13 eﬁthan&@d b|§ WNrporf MRS inHaPHtioRY 'Iﬁ@rdbrm%‘ si®ldd and the previous
ture, World Scientific 25 Publishing Conpany,
1n012@m4’pope’ﬁhé ahd bm@bd@dstosvmmaélza sldhfesrposkesli Fegharftthe ecaffolds and the

ff l.d at 105 | s/ Th .
et G e i sSaatuinbor nsgnblivt 7 Bopebiod ovemigh
in SHRRhATENREp 1‘%&5@011% 4B 1@@) 408 cut 1ntof7 um sections ililng a microtome

antibiotic-anti c solution (AAS) for up to
(LedaWZhZSRﬂ?CEmamy)S%COZ The nedia is changed at Day

ffol d Day .6 [ ..
1019l o EIAPRTh A ORR A P RETRG 0L PR S SBbTr ThBe pining are
carrl &L 6@ Dn thERBctfRB S asnSs @chﬁbﬁu%‘_&taﬂnﬂfgols sufte® ?&tdﬁﬁ?gulshmg cells

using a mcrotonme (Leica RM125 Cermany
frorg tsuirpetling cdnnective tissue. It stains keratin and muscle ﬁbers red collagen and bone

blue or green, cytoplasm light red or pink, and cell nuclei dark brown to black.
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hemat oxylin and eosin for analysis. The staining

nmet hod i nvol ves application of the basic dye
whewwanewyl i n, whi ch col ors basophilic struct urBGI/862007/000415

bl ue- purpl e hue, and al cohak-based acidic eosin Y,

whi ch col ors eosinophilic structur brj ght nk.
[0123008 EDEB 76 LltPeRvBiRO oi7# TOSks Selluar ‘P%li‘%ljonﬂ% %ﬁ gﬁwv% throughout

the (% aca?%gcf)w wraﬁ T:lgpga?)be%'bgér% 19K GlIRLRd %ﬁb"%ﬂolb Bhickness of

i on can seen for
the scaabldodlélss the @M@H@lrporés:)ﬂn ndhditiom, afeb O’Iasbu\]!arIShtld)ra@@e&lSq:)hﬁ ebserved for

the Qﬁéc%fgq(l{in% %ﬁgquge}emﬁérfqesrcgg gtsagtg tregt}r\ggtgﬁwg%pétc‘rhea gc(:jaff@ld (with red
bloo?lhccéﬁs)c Z—% e@%g f&rfﬁle ¢0lsl RaB518s @Flgﬁlﬂ@el@b% tellhir GifaRanednsis @éstricted to

I's data shows m cropore size
aboarZd0opmh efrdta theosurfate ol ehess;:afﬁ)bﬂ afsl theiy wrse @@é&oq%capﬂlanes observed

Wlt@;ggcgggld;%}s Lot I | t b %‘Wgtlﬂd ﬂfg ! 'grg%nt %trﬁog% mgéﬁoﬁithls scaffolds, it

bden! Bt A %&ger ﬁ@r%céﬂz@ro‘f SEt @D id AnuchVeetkd b k2bjlar infiltration
e scaffolds used for the in vivo exgerl ment are the

vasadarizatien of ¢heoswfiobdsd Thisr ist haeryi Mportapb fasigseior s fissue engineering

2 star,r hi
scaéf(ﬁé gfb%‘\éftﬁ)ﬁ’@b (g'it %meg,g% l%qlg%dé 9955%19 C?;'espeiqrgrg aﬁ% %Bﬁ@eﬂts to the
Ceup%t&lﬁ{ﬂﬁggcdffb]@n aseptic manner under a Iam nar hood.
The rat is anaesthetized with _ inhal ati on %f#lgc% lativel
[Ol%ﬁﬁd oAyaber, Obéwmi‘stseﬂléﬁm?l%P%ﬂ?sa%’é‘i?ﬁgﬂmg 0&5@ a5 relatively
thlc 121}2} g‘l Cﬁgﬁhé g@l 1 e(§ %% g ng?ﬁllgﬁﬂ%%eﬁ‘”lﬁtb the body. The classic

I'n dor sal
fordigrﬂbd)d},erelslﬁtﬁiss dked w*ﬂid:e thd foremtion b€ et anegoukr fibuketcgpsule around
are created at the | ateral gﬂes of . the jnci

the pmalant, i e SBHAT G Hortse AC CURPIIHE o RRIT] Baycienty celular
and®asautdr, bRen ugﬁresi’?%eand@bom 90 gm and -45 C (C45;

pores i ze a nm) are inserted into two of the
[Ol@@]c k eAsﬁbrompsuln grashats apianspere harries i {w Wayd 1) the diffggion barrier

S ned s te f i
1mgo§gc{ {) %ﬁ %{n’gtqogf {:a%sﬁg)trs ssie o etgg %]r\i;lgl%g% {ﬁ?ﬁ)@ed by capsular
t1ssﬁ@ra'i7§slcuﬁﬁ%} I GwERSPRNER. cabBefl the ichitogani ﬁ:affolds,sdné vdpstle is highly

Interrupted 3/0 poI propyl ene sutures
cellpbat @p‘ﬁﬁléﬂii,\ﬁéwﬂaraﬁﬁﬁﬁﬁf%@t the qapslar Gispusgihquld potAchps py barier for

trarfsggl%t ans t%n?n(%s | N QTUSE Wi Ynd Qcaﬁigﬁis% 2}1]1? Lbrfaé?ehcé’%f blood capillaries

ures are renoved on t

w1tﬁﬁh&he 9@@1“0&1 sheeldd@ytherscéredn tpeci fi ed endpoi nt (4
weeks

| tat
(0184t haﬁ@rzéhf 5 s @rBiT ,Oﬂ) apF%:ﬁv ﬁgﬂt f5lagem iy, deposited
thr&%%x 9aff‘J‘<Ts %@‘ﬁ’u@fbﬁ%ﬁ A19CIRRWR At IRP ESIREeR Ekﬂdeposued along the

to visuali ze hr ee fpockets Each of the
al1@1eaf;focésobsf thescaffobd. Aenfitrythp 64 staffrlé (Figtre Ehadsome Hagesof collagen

sur roundi tissue. T | ant.s ar.e i
canog ??ﬁf?‘{]%fh“ ﬁ%t‘gfﬁ*ﬁﬁﬁi g”?lr% g8 Sbl?%ces@&bl‘lrnc% dcompared to the C5
Sie tdPeGiffesd rgulds ﬁfoﬁﬂ! ae®e coll being
Scaﬁil‘?&%g)g}%e%n%w mﬁé‘e@ﬁgﬂﬁr [0127] Hematoxylin afg coTagen o

deppoed AsHEE) fiomaFigunes Hite) ass@rthe capsulen rf@ﬁﬂ’?fé sepiplds ppw aligned
buﬁefl?scqggng%r@gélﬁut ylcélg]guts:gt :‘ gPSdl 2?.3}?83. 2h| ng

[01‘393 | S At 8 weeks, cellular infiltration and vascularisation are observed for C5 scaffolds
(Figure 19a). Cellular infiltration can be observed throughout the scaffold along the aligned
pores of the scaffold. Blood capillaries can also be observed to have permeated through the
scaffold. The capsule of the explant can be observed to be still vascular and cellular but much

thinner (~20 pm) than that explanted at 4 weeks, as seen in Figure 19(b). The remodelling of
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15

from surroundi ng connective tissue. It stains keratin
and nuscle fibers red, collagen and bone blue or
w@e@ene97éyt opl asm | ight red or pink, and cell PCEB&@2007/000415
dark brown to black. WO 2068/ 069761 PCT/ SG2007/ 000415
34 [0128] H&E results show that at 4 weeks, cellul ar
thejanga hopnd it imalanb evhidhs easylésdint theoeapRalgt becomingoguch thinner after 8

wee Cafs}ho lr g eé '1?]{1% %a\if{gl)}cg %LJP i/gl? ngt@%fag% ﬁgéf 1 ?ﬁnt g(vglﬁ% %8 transport

ness € SCa

barﬁéﬂy @43 gafdlds @nmhomeﬂdm irififtatiohewhichA s stilbrdsgRiddow the surface of
al so be observed for the C5 scaffolds. Bl ood

the éﬁ?@%ﬁqlql Wiews B0, remsBgns M ftriaEPsrgvedihatigs sapsul thickness of the
04%%%%%@‘%? ; o%fgnly 215?5’13& d@é{%’%)gd % T?ﬂ Fg*rﬁ%l n staih@FeveRE more collagen

ure tration 1s
depositibn m:Cé dcaffoldssdsaompansd tm0‘4|5 Qﬁlgui'ﬂe2(§lmt 8 mksaf t he

af f ere were, no blood capillaries
(o138 il St Pty Steiies Sl gt S SQeAT Seego o Hot show the
sanf¥ fdfe@’é@”&fe cbl‘i‘ulQP NRfiRaG6S Aid R/Q&ufa?@l(ttfdﬂ @8, with tlféagcéfﬁ)lds in the
seen"that the larger pore size of tmis much
eprlamtems deserited| dbotvar Ini o siuidy rdang ovith vlamsam acifedd i(oweanfpore diameter
fant_ factor fo

ffo Thi
50 i F PG rRcaRg S Bar ot SRBH P Ghne, RBanep at colulr

infilth39HESlimasd B 2 MesDehs sAFBId SAWak@ariatish PRhih the scaffold is not
nutrients to the cells within the scaffolds. [0129

repaytest (Gdrpads M-yvEestasnAi M. 1t at., 2008, Biopwateriads, yok2 18R PG 15-2322).
[01 zgjt h scaf (];tﬁ rds’stlf"dr Vé]elclﬁ'éneo% ex Eﬁmn%hf Wa%Sg 1?1@& c'?irl]tt gsing acellular

e1s orms na nmnaterra

chlﬁobzﬁl &tﬂﬁgen hgrotdoaRl chitobat-edlgged @@hffoﬂcﬂsmmafmm\m&eﬁbocytes (Wu,
be the formati on of an avascul ar flbrous capsu

X. Mo%h% 15, ¢trad- 2ZRBT-dremalpf Bipmegdic] Mategpaly Beseargh Part A, voL81A(1),
p,S%-'g?f %scu-m?s g@ﬂ fid Z?E@n ORSRY 86k th Ol ‘%ggaed w1‘da preadipocytes,

ul-ar vascu as seen in |gure c and
the [aOdlBO4r séaﬂfo]klrshuws aapsgl ef pasedlendation. Foramrgpgmic patatyging scaffolds,

vasiilpisinon Fbbs dsevadt stiplo8 Smadire St sendbbRih s

barrier inposed by capsular tissue avascularity.
However, in the case of the chitosan scaffolds, the
capsule is highly 20 cellular, as well as, vascul ar.
Therefore, the capsul ar tissue should not act as any
barrier for transport of nutrients to the cells
within the scaffolds. The presence of bl ood
capillaries wthin the scaffold should further
ascertain that. [0131] For the C5 scaffold (Figure
18a), it is observed that collagen is deposited

t hroughout the scaffolds. The mi crograph al so shows
that the collagen is deposited along the 25 aligned
pores of the scaffold. As for the C45 scaffold (Figure
18b), some traces of collagen can be observed wthin
the scaffold but not in such abundance as conpared to
the C5 scaffold. Higher cellular infiltration for the
C5 scaffold results in nore neo col |l agen bei ng
deposited. As seen from Figures 18(c) and (d), the
capsul es for both scaffolds show aligned bundles of
coll agen and are highly cellular. 30 [0132] At 8
weeks, cellular infiltration and vascul arisation are
observed for C5 scaffolds
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(Figure 19a). Cellular infiltration can be observed
t hroughout the scaffold along the aligned pores of

wo bes®errbf ol d. Bl ood capillaries can al so be oPSESGEET/000415

to have perneated through Bhe scaffold. The capsul e
of the explant can be observed to be still wvascul ar
and cellular but rmuch thin@kim§(20 m than that
expl anted at 4 weeks, as seen in Figure 19(b). The
renodel I i ng of WD 2008/ 069761 PCT/ SG2007/ 000415 35

. thhendli®n of rfﬁidorﬁtdttlh@ & ithpé Ahendiiral sEAF1H thithble 38 tissue-engineering

E‘ﬂ sul e beclg much thinner after 8 weeks, shows
P8 Arfentelsd BWIOE%Fﬁ% andyaReroperosg stpedraMseng cryogenic prototyping
'cﬁﬁgﬁﬁh%d(w th no transport barrier). C45 scaffol ds
al so show cellular infiltration which is still
la)a sdlspemslag atforst prdymer §deorof onkhiresitiaf fndd 8 rédction cRamber to form a
gﬂ} From Figure 19(d), it is observed that the
§30%hi ckness of the 5 C45 scaffolds (-50 m) has
aI S0
ol | g et AESAY r PO AR Solbib iRt e m?‘&aﬁaﬁta% Solvent;
CAS ( Pihgreire s@0)reattiod chaedost his0d Fidit tE‘mpelratlﬁE twhitH Bs thor below the
ut. with chitosan scaffol ds do

Vi vo .studies. ga{‘f{gl(gg ?
not sﬁrgv@l{l%gom % 5F UV cel lular infiltration and
vRsdiseasihs at $e@Bnd@PoMhidh shition GRAHT Gl dj élbf*(()f% laﬁamber o form a second

experlnents descri béd above. In a study ne
chilt®san scaffol d (mean pore dianeter 10 -80 n)

fabri ar at In vivo subcytaneous
exper ?V?r%n?l ?%%%Q%oﬁxgtp ?rbﬁog.]? 100, GOPPIISF S |S?ﬁ‘?nH5P° YRraed a second
to 206blgentj nto the scaffold and vascul arisation within
the sc%ffol d.is not reported (Chupa, J. M, Foster,

%qelnagsald seqonid POl Beratoltion] ig dlapgnsegls(uglz)that said second lane is
p 231 t ubcut.
exper %ﬁé%%g\)ﬁg}ét t%%%ﬁ% é{ ﬁn?ﬂgggﬁsémgce%ta 1811 3§ 418 Hrt13ne and being
chi t osznentot With eaidSrsiflfucd mhsor&rwﬂa;hi t osan- coI | agen

scaf fol ds. seeded wi th_ pr ocytes , 15 X0 M

B ack!" i‘?_ rem %%‘35 aCtIOché'gm% h? é?ge%ndstea%ﬁ?ﬁﬁ%r&; wherein said second
VBt er fethpraRes 8o tHehsaRRY dr el £l Eénﬁ%%ﬁ :

Vascul arplgsatl on has onlry bgen obsér%g/%%m%or il as long as it is at
scaf f&l %Q@ﬁ‘iﬁzmgtmll}iﬁéa@id p@@yiﬂeelvenu; hed acel | ul ar

L0, B PO e Bl G SRR e i s o

be andBptovorn ffarthe tafck of &% aﬁ?r are not seeded with
ells. WO 2008/ 069761 PCT/ S 007/ 000415 36 dains 1.
FRACAIRE TEPSFalKe FLigtiPrm ﬁa’thenia@ésmmfn@nom scaf f ol d
sui t aph&einoh 14 atss%lllﬁe &AL 1ERE Sx?&ld uxrt aaﬁé on(r:]%:(ipgad;é ¥th said lanes

m cropor ous and macr opor ous ruc

pr ot aifispidriist Hawyynpr i si ng: a) dispensing a first
ég %ﬁmer S Iuti%n in one direction into a reactio
gmg gen 8 1 formy g fhege-gigjeasionalisenidold cgmp@smgrdgfferent planes of

polaiB®forsel Ul isgia BRLsS first polymer and a first
sol vent ; vvhgrsel r?%sal Srglglcft?sl on chanber has a first

t enpevlmr@nen\mwodf stepsat) tord)seldopolyiner solutions are dispensed such that

macropores of said controlled macroporous structure are created;

f) removing said solvents from said three-dimensional scaffold so obtained.

. A method of fabricating a three dimensional scaffold suitable for tissue-engineering

having a controlled micro- and macroporous structure using cryogenic prototyping

comprising:
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10 freezing point of said first solvent; b) dispensing
a second polyner solution into said reaction chanber

wa 200806979 second | ane; wherein said second POI/yGEN7/000415

sol ution conprises a second7pol yner and a second

solvent; 15 wherein said second polyner solution is

A &lppm,ﬁ@ ﬁm:tﬁple hhateadsiod dsepsond a fime padymenr selntjenl infexe reaction
to said flrst n the same orientation as said

f i phamhes i W%@FW‘@ %in contact with said first |ane

on, Orbghe?éﬁ%ald H@%&yﬁeﬁﬁlﬂmh%ﬁgh@@s £hRTPSFmeasnPa ﬁrst solvent;

seconda tenperature wher ei n sai second t enper at ur
i = t heheeimethe rreantrbneqhenfoelf hasne distdtemiperature svipel At gt gr below the

as long as it bel ow the freezing point of
sai d @%@W%ﬁl@éﬂfi ﬁr R’@ *di spensi ng further polyner
DOlidhémns inﬁItHJl§ gHréhds Qﬂ@&ép%rbfc‘ahﬁébﬁd pblyntee gelatibmgnto said reaction
Steps a) and to formfurther lanes in a first

t ) b) to formfurther | f

pl erranbet fo faapeasdcapd BleePs a) to c) to form further

Ianes j

2D A A b BB D901 BT OIP g a seond
| anessolvw¥at;of said first plane; e) repeating step d) to

forma three-di nensi onal scaff ol d. conpr | S|,
pl ane&hesein saighiesomd, thyeads gy dLORS drey) “3?@ HB%?%O‘I@OSI%% threads or
wher echja 4 B 8y &ﬁgt p@ﬁ&oﬁutce)re gaﬁer‘ﬁl%l SRifdaRA! M Rfirection Wlt(}jl respect to

sol uti o s are nsed suc nmacr opor es of sai

cont rald ﬂﬂealhm’rohopsofwnmtg said first phare whenthepl;ar@dispynsed into said
renovi ng. sai olvents from said three-di mensi onal

scaf f1Gp I%h%]?’ﬁ’bned 2. A nethod of fabricating a

thr, eey fi0BNs)i@ rf@al.ctl%ﬁacfhfa&b& a4 & abéshdl Riperature, wherein said second
ti ssue-engi neering having a controlled mcro- and

macr ofeomperurstis thet same arsditierent fromesaidlist swencypiieas long as it is at

i S eI IR g R S GUC ST BISRCBY o 1 st

§o! s{ﬁ%ﬁsﬁg) Il 918 thith@s 8r BRMS tdfanthikhpsibekr kolufion inta said reaction
firs | ane; wherein said first polymer solution

compam @stéOlmﬁﬁtlrdp@P%er and a first solvent;

wh t i ;
e gl PR 3R Bop 80fe Ll IR 3t i s

finst wﬁéﬂeiﬁéﬁhd t}inird dirsqn]enmdn@smxh tin pbetacthwishdsidotepdsitpdsthreads or
of a second pol yner tion. int r.eacti.on

chanbgiors 8f said gécond @iaélﬁ %ubgrga%teraﬁm@rfgpﬁn any 81rgcéué)8nv&1th respect to
g glcgggﬁd %l%&ﬁﬂe@ nfeRdgb: &®ps 8f 80006 pl@hé’ WBlen ARy a@re dispensed into

said reaction chamber in the same direction as said first plane;

wherein said reaction chamber has a third temperature, wherein said third
temperature is the same or different from said first and/or second temperature as
long as it is at or below the freezing point of said third solvent;

d) dispensing further threads or drops of polymer solutions into said reaction chamber to
form further planes by repeating steps a) to c) to obtain said three-dimensional
scaffold;

wherein the macroporous structure of said scaffold is defined by controlling within one

plane the distance of at least some of said multiple threads or drops to each other;

wherein the microporous structure of said scaffold is defined by controlling the

temperature of said reaction chamber when dispensing said polymer solutions into said

reaction chamber; and
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sol vent; 10 wherein said second threads or drops are
in contact with said deposited threads or drops of

w@ a00d/069765t pl ane but are laterally shifted i nP@myG2007/000415

10.

direction with respect to 38aid threads or drops
formng said first plane when they are di spensed into
§hi gmovisgcseidosel ednh abeaid thresrdimensiosalisdaffedct i on chanber
has a second tenperature, wherein said second 15
tenperature is the sanme or different fromsaid first

. Thepestiddiiczottiing N@aids 1 iok 2] Whédein @& tARbGWHE6F M&&IYM& chamber

Yraiegbegiy espsabent 30 YhiordpopbilPA8E. sol ution into said
reaction chanber to forma third plane; wherein said
third polynmer solution conprises a third polynmer and a
iThe noethod \eecdriing2€ amhef ehd psavedinghdlhighs, WiRaElaE QId method further
drops are.in ,%;ont act with fﬁﬁ(@l deposited threads or _
§e'BRusesfusing Qfterenh Hepegnisnelshatwasredispansing ofysaihdiffeeant planes into
Ed3d 8EN6ti6h beRtde@n Wi th respect to said deposited
threads or drops of said first plane when they are
di spensed into said reaction chanber in the sane
ghreci]i?%ﬂ as said first plane; wherein said reaction
BRI AEOLRE 4 lap 1 PRMPYiFBE disnensinglapgs, threads or drops
Rk #(8 i i | -
TR BlaAk Wit shdl ehGiod MMEMBE: &I faﬁél]etgfra] é&i;eg,%f‘e%flg or drops forming

first” and/or second tenperature as
#nid praviapstenes are dixizay apd suhseqfent gidispehiingl asyp fardret lardy, threads or

' [ further th d d f I . .
SopERIS Aty PLEBEROR edkarDis B ot iR in gloimet
pl anes by repeating steps a) to c) to obtain said

t hree- di mensi onal scaffold; 30 wherein the
fadoarsonding et elpian bf fusthericernpifising dispensifeg eveeyl langs, threads or

Py
1 L hj . di st ance_,of, at | .eas
GO CplihEHl ke o RIF cp YR EndeBor il AREE s, Pt or arops
fonmire) the previovsplanearofiszent r uct ure of said scaffold is
defined by controlling the tenperature of said
reacti on chanber when di spensing said pol yner
B Mbihol Sict icfhimneamk : 267 i
2008/ 06976%&%91 ; %8% 587/ %8%%S£§g%§51%%§@?¥§02g?18 is formed by a
segle dane odpolamet sphtion vdiicheis siispendedss af doatituou larkieto said reaction

ording Lo clai 1 2,. wherein the
%errpg?%@ﬁ?sgldgbmgé(fuﬁle?sé‘ﬁ@inf%ﬁgmrfﬁ@?ed' can be varied
bet ween about 30 C to about -196 C. 5 4. The net hod

ﬁgor ding to any of the preceding clains, wherein said
wgthof Aceprding toompr phe mievinws diaiths rfarthert ¢ameprising decreasing or

1|h£n}1e§§n¥§‘{h% JREL WeEbr &Efﬁ%‘gﬂ&gusosfca ALl fe by Pntcréélsﬁllgea%d lowering

the temperature of said reaction chamber, respectively, as long as the temperature of said

poi&% of said second solvent; c) dispensing nultiple
t#

reaction chamber is equal or below the freezing point of said solvent or solvents.

The method according to any of the previous claims, wherein all polymer solutions used

for the fabrication of a three-dimensional scaffold are identical.

The method according to any of the previous claims, wherein the bottom of said reaction

chamber is made of metal, ceramics, plastics or glass.
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said reaction chanber. 10 5. The method according to
claim4, further conprising dispensing | anes, threads

weoodioegst form ng a plane into said reacti on PCEHEGEN7/000415

11

only after the lanes, threags or drops formng said

previous plane are frozen and subsequently di spensing

-dirg thethodheccardingso ahyoé dasprecedinly ofaind, durtherf doiiping using at least
pl ane i.nt.o g.ai d chanmper according to.the nethod in

SPSrnﬁ?dzl‘? fqudigbensing said PRIV Ui tTBARE ¥pryig diameters for the outlet
fopediRe bf 0Bl lesdt B8e HieaRensi ng every lanes, threads or

drops formng a plane into said reaction chanber only

after the lanes, threads or drops fornming the

2. B B450 R LT ki TR SR R b e o i o

13.

14.

15.

16.

17.

18.

lasnme feydie is 20 ShHgdFaboaN® 1 HmROLYSR Y il uti on which
is dispensed as a continuous |ane into said reaction

chanber until said three-di nensional scaffold is

t C ding to any.of the evi oys . .
TRE Rtthodthoodidd T IR 3EECRRe! SorRBeie vigfieBhEieRt With which
theeat jease ose acedtd fos dispensing mg@lyﬁles sabfioh ehts kaiHGEAHBn é:hamber is

gé)iac easi ng and Lgmering 25 the tenperature of sa
NEY AoV CcRUhsaTioncBambe { vel y, as |ong as the
tenperature of said reaction chanber is equal or
bel ow t he freezing point of said solvent or solvents.
\Q;ﬁe 'ﬁhﬁhcrtblacltwdil?tg 6o putly niljj theopracoding glhh?s, ﬂ’aﬁ%&rmﬁ‘lsﬁig‘@)anging the
erein. .po r. sol uti gns, use aor the _
Plasvire it orhifl s phlymer stiaeis hmenssddnort raaesion chamber.
identical. 30 10. The nethod according to any of the
Erevious clainms, wherein the bottomof said reaction
he msdiod accomling tofanye dhe preeeding ciimy | velstréin Saidrsotyleas 5. organic or
MK%%898/069761 PCT/ SG2007/ 000415 39 11. The net hod
ac r&'ng to any of the preceding clains, further
conprising using at | east one needle for dispensing

iﬁ‘% %@ﬁio' ynmer sol ution havi ng varying dianeters for the
odfsetding tarany of glagms [ éadf, whaewewil wlvept ivseleptad from the
3 | Gl &l . j ianeter o
B0 CnPreR SR L3 35 Redhioni Bkl (PE BRRLE pllim phenol
rephthadpmeoN, Nddoneth gl fdrmmamide (DIBLt wefyforndid acilih cofetabiddlactic acid,

cording to claim11l or 12, further conprjsin )
%ﬁmﬁ’n 5“1??{’6?%1@%‘5’ R ﬂeamﬂﬁeﬁlfg{lﬂ%@ »q@a&ﬁueﬁgﬁw@, dioxane,
¢Hbroftir) s bR adShelidRO UM AR 0P Shitd. Q&r%l'{}gfbfﬁﬁhch HF), trifluoroacetic

reaction chanber is 10 noved above s reaction
oy @Y-dimethylT hestaaicds (M o) risipmoptl caleshol (P AYyemethylene chloride,

. . furth o S
BEEEE DR Thrand, SO iR PR a1 0, B Hlutndpbontans, hoxane,
methansipiethyl @@k, @hylCilasHR! eth}b aée%ate,TH&%hﬁ%é\iAﬂh%q, carbon tetlgichloride,

according to any of the precedi ng clains, erein sal
&eiobef orgbeg;@gnicgclghexapp,o igfaylc alcohol, butyl acetate, benzyl alcohol,

benzene, sulphuric acid or hexafluoro isopropanol, HFIP and mixtures thereof,

The method according to any of the preceding claims, wherein said polymer is a

biocompatible and/or biodegradable polymer.

The method according to any of claims 1 to 16, wherein said polymer is selected from the
group consisting of ortricalcium phosphate, f-tricalcium phosphate, poly(D,L-lactide)
“(PLA), poly(urethanes), poly(siloxanes), poly(silicones), poly(ethylene), poly(vinyl



16. The method according to any of clainms 1 to 15,

wherein said solvent is selected fromthe group
wa@omsioed7ong of 1,1, 1, 3, 3, 3- hexaf | uor oi sopr opanpCT/SG2007/000415

(HFI P), acetone, nolten phamol, 20 naphthal ene,

N, N- di et hyl f or mam de (DWVF), water, formc acid,

aRyéHOihéO%ﬁh d polsg2hydroayi dethyt hancthacrylrataa,l uq»pmeNnmm pyrrolidone),

antehﬂlIﬁ%tP rgl,?t{e n?b%‘(avﬁ%&/ h gl&oér gh&é %E)P}}?g:?}?hc acid), poly(vinyl
d!ceﬂate@,r opnzlyzhmyl&mﬂeet @Mdh?Feﬁé-@ﬂ-v(ﬁWF)acetate), pol&%}}ylene glycol),

&; &? etlc acid, N,_N-dinethyl acetam de

Fc?(S’HBJ p@b@l&yohwmw@ﬁé&)c nplcrﬂa@teie-cq-rglmlides) (PLGA),

qghy{ kebRARideRCt
: tétrali ng t écllégen§8 3heg}z ane E&g&%ﬁ?&y ?lﬁgnmalcohol) (EVOH),
@melmme mlhwlnsdl azotatd), pﬂwhmlylmﬁixmee poly(ethylene oxide) (PEO),

0 bon tetrach cresol,
Ber ST bame REHAISH Blersn SHesBHe et
acetate, benzyl aIcohoI benzene, sul phuric acid or

hexafl uoro i sopropanol, HFIP and m xtures thereof. 17.

19.7ifhe m@hqﬁo@pcaxdm toi amy of cladmy 1 06 16 wehqreieceid pudymérsis B8ected from the

T e ——
Pluotihatedolyeth§lehb, phMABHE fbl1pal cheRB1Y, é],e Eﬁ)lgﬁérgﬁ)ﬁlﬁﬂle polyarmde

fromthe roup consisting of a-trica

Oolyamadging] Eﬂimﬂaﬁe P@Mb%l(zm(a_zoleacpold'eé)rbomd%,A)pplycyanoarylether

%81}’14{%1{, ﬁ;?ﬁﬂ%ﬂm ? é%ﬁ\%lsh%ﬁf}ﬁ%%g%oggggﬁﬁherﬁetone polyetherimide,
Bﬁl‘ybﬂi@@ﬁ)ﬂe,O@ﬂﬁétﬁersﬂ%rﬁy pél@éﬂlslléﬁ@)polmlo\i&%eﬁﬂ HoPyidhide, polyolefin,

15 F thacr atea N- vi nyl rrolidone
y%i( We&ﬁ"é‘;/ & PWWW&WISUmd@OMWIOPM polystyrene,
I t
Eﬁﬂ%‘g%?i?a'rﬁﬁoﬁﬁl b, Lol iloro LR, ©) palyihiasiner,  polyriazole,

p@llyy(e@”tahy,l p@igvmbf}y qelyvinyljiehy (ﬂmhﬁa,Cfegbm@atadldéllulose silicone, urea-

FEAHEHSEL 1 inb bl s ratads™ 4o

pol y(et hyl ene- co-vi nyl al cohol) (EVOH),
olycaprolactone pol yvi nyl acetate),

20  20. %qu VathaA Asrarding de an}zsmfytbetpmqeémg dmnnte)vll(eﬁﬁO)sald polymer solution

PRRAL MEC AL B0 RIS, stPmBEkRef Ryt o7 cegetopme  bioactive

mbﬁmnw].to 16, wherein said polynmer is selected from
the 10 group consisting of chitosan, coll agen,
cel l ul ose ether, cellul ose, ceIIuI03|c ester,

21. tha! ﬁ{eit}{b%t &Q%ngﬁﬁ%ﬁf §/%@%he {k‘??@hk c’laé %ﬁmargm said removing of said

met hyl pente yacryl on

25 godveps ng dm‘lnd det bypal method Iseleeted ﬁﬂinyﬁﬁlg@ﬁpk@hﬁstmg of freeze-drying,

Bty aRbe R CeneRtest. Hol GRiohbroinisbiinall6S: her ket one,

pol yet heri mi de, polyetherketone, polyethersulfone,
22_&olyethylene pol yfl uorool efin, polyimde, polyolefin,

% p wm&mdamb ling ¢ yaplyeoy ltlmnprenxdldg clapisyfonehy | emeifacture of

l.ene, polystyrene, polysulfide,
&g¢§§gﬁy3ﬁ ev‘%ﬁf1{%’%%!’5"*?afIuoroethylene pol yt hi oet her
30 pol ytriazole, polyurethane, polyvinyl, polyvinylidene
fluoride, regenerated cellul ose, S|I|cone ur ea-

23. T@’Wﬁlaﬁ@?ﬁ%}é to glaim 23pvihgrer said chﬁfmj!d;lsambd b$ gddsemificement or bone

rgffl?{g'&néﬁ@%le Eéo%h&c'gus replacement.

24. A scaffold obtained by a method according to any of claims 1 t o 21.



20 20. The nethod according to any of the preceding
clains, wherein said polyner solution dispensed into
w@aiod/oesact i on chanber is suppl enented with atPCE&62007/000415
one bioactive substance. 21. The nethod according to
any of the preceding clains, wherein said renoving of
said 25 solvent is carried out by a nethod sel ected
far i
25. L blefacabiti R Meflin {4 GAROR X sHhed gyif cncarvoti cols
drying (CPD). 22. Use of a nethod according to any of
the preceding clains for the manufacture of scaffolds
for tissue engineering. 30 23. The use according to
claim 22, wherein said scaffold is used as skin
repl acenent or bone replacenent or esophagus
replacenent. 24. A scaffold obtained by a nethod
according to any of clainms 1t o 21. WO 2008/ 069761
PCT/ S&G007/ 000415 41 25. A scaffold according to
claim 24, wherein said scaffold is seeded with
eucaryotic cells.



