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A scaffold is expected to possess the following characteristics for use in tissue engineering:

{i) a three-dimensional structure that is porous with an interconnected pore network for
cellltissue growth and flow transport of nutrients and metabolic waste;

(i) should be either biodegradable or bioresorbable with a controllable degradation and
resorption rate to match celiftissue growth in vitro and/or in vivo;

{iii) surface chemistry should be conducive for cell attéchment, proliferation, and
differentiation;

v (iv)  adequate mechanical properties to match those of the tissues at the site of implantation:
and - ' | o |
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In" general, the scaffold should be fabricated from a highly biocompatible material that does not
generate immunorejection upon being implanted in the human body.

Current technological restrictions with process and equipment pose serious limitations in
achieving a scaffold design with the desired interconnectivity in pores. A simple example of
process limitation is the use of stereclithography. This needs photo-curable polymers to obtain
the required structure, and has limitations on the maximum strength attainable, Three-
dimensional printing technologies depend on binder formulation for obtaining the required
structure. Methodologies such as salt leaching and phase separation suffer from limitations in
creating the necessary interconnectivity of pores.

Current scaffolds for tissue engineering use either a rapid prototyping technology or gas

foaming/solvent leaching methodology for obtaining a porous structure.

Summary of the Invention

According to a preferred aspect there is provided a scaffold for tissue regeneration or bone
growth, the scaffold being fabricated from at least two polymers. The polymers are of differing
rates of bio-degradability. A first palymer of the at least two polymers may able fo be leached
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‘ have a different rate of biodegradability. The leaching may be for only a parl of the scaffold.
That part may be at or adjacent a surface of the scaffold, but not the core of the scaffold.
Preferably, the first polymer has faster rate of bio—degrédability. |

Forming may be by at least one method selected from: compression moulding, injection
moulding, rapid prototyping, and three-dimensional printing. Compression moulding may be at
a pressure in the range 0 to 20 Mpa, and at a temperature in the range 25°C to 80°C. Leaching
may be in an ultrasonic bath of the solvent, the solvent preferably at a temperature in the range
25°C to 50°C, frequencies preferably being in the range 1KHz to 40KHz, and exposure time
. preferably being in the range 5 minutes to 120 minutes. The at least two polymérs may be
‘milled in a cryogenic mill and blended or be milled and blended in a cryogenic mill to form a
. preferred particle size in the range 20 to 500um. |




a-pr essure-in the-range_0.10 20. Npa, and-at a tenperature in the range 25C.

to 80C. Leaching may be in an ultrasonic bath of the solvent, the solveéit -

preferably at a tenperature in the range 25C to 50C, frequencies
preferably being in the range 1KHz to 40KHz, and exposure time preferably
bei ng i n t he Ww@nas/089807 nutes to 120 m nutes. The at |east t may
be mlled in a cryogenic mll and blendad or be mlled ar??f%f}g(ﬁ%@ﬁéf\ a
cryogenic mll to forma preferred particle size in the range 20 to 500pm
WO 2005/ 0898@@,4 PCT/ S&G005/ 000087 MIling may be for a cycle that may be
dependant up&H'™g TRYSHE I Gyele thaignay beidepentiant updne: qesireppanisie sizamalthblﬂayhé!@]e of
- the pol yner sandvhk kipa gf theyollperat Mifind i G Yred o 30 cycles of
fnd e ety JEk BEE 128 Ll ey |

aspect's. at [k eeBi5h BB IMERE i mpuieerpisispreet | o pol ymor s stch as

pol yglycoli‘de, poly L-lactide, poly DL-lactide, polylactide co-glycolide,
Pat ur al pol vy o eeect Bt sk o Rt ) Bl il PibegpreSich e eambeoide,

di chl or onet e'?"aﬁ'é{ﬁ'f P%ﬁb‘?‘dﬁ%ﬁmﬁéaﬁi@e co-glyriotsteoatycaprolaxtona) & highydkybSirath] ar
30710 30 70 quahhbly meeaL L o o CoPRer Brichrd e 18 shilkek By 683 rSent i on
may be réadic"y J?lrgeﬂr]s b'gegh L@ﬁ)go%fﬁa“?’n‘fmg"%@c?’iagﬁ'f"' esfrefat orgamigsovendhal | now
be described by way of non-limtative exanple only preferred enbodi nents of

the present ThereatbietWo pbificersiB st R thOfn -Oq‘gkﬁé&ﬂ) reference to the
acconpanying illustrative drawings in ich: Figure 1 is an illustration
of--one enbodi nent of a scaffold; Figure 2 is a vertical cross-sectional
viety of the FEtehPesaription othgOrawirss Fi gure 3 is cofocal images of two sanpl es

after |eaching by different solvents; Figure 4 is optical images of sanples o

before | eacly atter. |leaching by different solvents; Figure 5 shows
to graphs bgl ﬁﬁeb@rggtgf Ry Ry %'egf'"yd’"g%{ﬁ'ﬁ?deﬁ"déﬁﬂ'"ﬁwléﬂ* @fféct thaene shall

i |1 ustrati offo¥PeskecribabbiNayeshordiitifve eparadeiaty Relenid entbarich@lofine plebai | ed

Descri pti oninvéntidhefherdeeshplembingi t , i e .2 and .6, there
i s shown ongsepbodi ment S s agar ?oll%igwé%aé O@Etafc‘gogf?gwrge@é%sﬁwﬁtcﬁ%'ﬂ"gén'B/ or .

bone growth_ I'n order to allow the scaffold 10 to closely minic the tissue
and to i npr 59uret e ag llastiatiop obeneterbedimentobgemtidat | on/ bone growth that occurs
nd to imprb e growth th:
wi thin the Figplearnt a velieal &6t kOw BaRe BLANES ARl ARET ties including graded
gﬁ{jos' ty. Thﬂg§reh\3ql; %oéapimggé[s%" trv]vlo ggmﬁgs:[ allﬂglrjig;clhirr]lg-; g; &%r&ntgglve?zltsf fer ent— t1ssues
Figure 4 is optical images of samples before leaching, and after leaching by different solvents;
Figure § shows to graphs being porosity profiles of a sample; and
Figure 6 is an illustration of one embodiment of the praduction of a scaffold.

W Detailed Description of Preferred Embodiments

To refer to Figures 1, 2 and 6, there is shown one embodiment of a scaffold 10 for tissue
regeneration and/or bone growth.

In order to allow the scaffold 10 to closely mimic the tissue and to improve the quality of tissue
regeneration/bone growth that occurs within the implant, the scaffold 10 has graded properties
including graded porosity, This helps in obtaining optimum in-growth of different tissues and
pells and enhances the ability of the implant to withstand varying mechanical loads at specific
regions of the implant. The graded structure of pores 12 assists in delivering growth agents in a
;ontro!led manner. It would therefore assist in having controlled and guided osteogenesis and
. angiogenesis. A polymer blend is used, with the different polymers having different degradation
rates that preferably correspond to the formation of the lissue, bone and blood vessels. This
provides sufficient support and strength to the scaffold to assist the regeneration processes.
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leaching. This requires all other polymers to be either inert, have a lower rate of reaction to the
solvent, or have a lower dissolution rate fo the solvent. Leaching may be enhanced by
Ty controfiing the temperature of the leaching solvent by use of heaters 16 andfor by agitation such

as by ultrasonic agitation using ultrasonic table 18 or in a ultrasonicator.

'By having different ratios of the polymers in different regions of the scaffold, different porosity
will result from the teaching. Alternatively or additionally, the leaching process may be controlled
so that the leaching will be of a grealer extent at the surface of the scaffold, and of a lesser
extent at the core 14 of the scaffold 10.  This may be by controlling the rate of immersion of the
scaffold 10 in a bath of the solvent, controfling the time of immersion so that the solvent wili not
fully complete the dissolving of the first polymer nearer the core, or otherwise. As leaching wil!
start at the surface of the scaffold 10 and progress towards the core 14 through the pores 12
created by leaching, by controliing the duration, temperature and agitation of the solvent bath,
the core 14 may be only partially Ie_ached,_ or there may be no leaching at the core 14 of the
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bi oﬁ;degr adaltidsi drifiance iktie /Bt r@@nerﬁ‘m%ﬁ@vﬁﬁj ltélp%ierreﬁm?al ir@%to@Fne Qﬁ@l@é

T | t 14 1
pol'ymer wi bymeO&Fvgﬁ%ﬁ%%%é/fasqe Hﬁ?esfr? ng%c{;%go[ ﬁat thce) pol ;rs're(rant ﬁgfel s

ti ssue/ bone fegeneration
| eached by the sol vent have t he faster/fastest rate of bio-degradability.

I n one exam epe p@érmﬁ Yo cBiRle Afratiiek € Soly D@c%ebgrérﬁ%&'aqg pafy I%E‘LHL»%EL Q«gtde

pol yl acti de R ranul es r afre uenc to 30
cycl es eachg%Em or go)r%%m 'ﬁeﬁtaég ﬁﬁ"en%’x%wﬁ 13)7@}:‘535 ag@dmdgﬁéwgg C‘cﬁyc'?mre
of . the pol Vit dergadsdon pngrar imdre ofs itheepolymers ¥shé myHigle ssizer arlrﬂsihblg@ﬂs trhresitper at ur e
of the polytensratite patht ipolirersi Aq,amasetsh@ il 818 34hgd Q0808 RMs| pPerlfedl QiR Pact AN

i mpact rat %tggf%ﬁmbéggﬁsg&%gg_gﬁ was used. The organi c solvents used nmay
be selected from acetone T or omet hane, hexfl uoroi sopropanol,

chl orof orm al cohol, or any other suitable organic solvent for sel ecti vel y
di ssol vi ng &he @fgah?ne splRdTRiised  ang) t Be Whdidehat hRnPt RB&oRO| YIRBESmBhSnd Nert ,

or to whi Chhé)@lﬁbfroﬂé’ﬁf@pan& JhBWerdélaﬁ'B, UE LS notr(e?%&table organic solvent for selectively

dissolving one of the polymers, an_d to which the other polymers are inert, or to which they have
a lower dissolution rate.

Fabrication of the scaffold 10 may be by methods such as, for example, compression moulding,
injection moulding, or rapid prototyping such as three-dimensional printing of the scaffold using
a suitable binder system. For example, compression moulding at a pressure of 0 to 20 MPa
and a temperature in the range 25 to 80°C may be used.

The solvent may be in a bath into which the scaffold is placed. The temperature of the solvent
in the bath may be in the range 25°C to 50°C. The bath may be an ultrasonic bath using a
frequency in the range 1KHz to 40KHz. The time of exposure of the scaffold in the bath may be
in the range 5 minutes to 120 minutes.

As is clear from Figure 3, there is good interconnectivity between the pores, and a good three--
dimensional network of pores. The polymers used were:




Fabrication of the scaffold 10 may be by nethods such as, for exanple, =~
conpression noul ding, injection noulding, or rapid prototyping such as

t hree-di nensi onal printing of the scaffold using a suitable binder system
For exanpl e, conRressi on noulding at a pressure of 0 to 20 MPa and a

t enper at ure YR 00¥8P8Age 25 to 80C may be used. The sol veptpe@ndeois a
bath into which the scaffold is placed. The tenperature of the solvent in
the bath mayale ipolyglireideannyt pdfctide Bdghcolldae ihai RatibByr 858N a4l ibdcASPR C bat h
using a frequengypin tRe ¢ ange 1KHz to 40KHz. The tinme of exposure of the
scaffold in the bath na Be™n the range 5 minutes to 120 minutes. As is
cl ear from BPgur @olsglycolidesad palyhytsoxbitratedn & citio el3DiS iaé Jeakiet Weestohdie pores, and
a good three- dinensional network of pores. The polyners used were. :a WO
2005/ 089827 .7 PC%T/ SG2005/ 0?0087 (a) polyglycolide and polylactide

co- gl ycol i dE'OMfS %ShPKs 1hg supplesie) agvess | eached i n di chi or onet hane: and (b)

pol ygl ycol i 8 andieforelfi@fkydr oxybutrate in a ratio of 50:50 as |eached in

acet one. Fgwgf@r%a&ﬂ@% the sanple (a) above: (a) before [(a)); and after
| eaching in; (b) dichForonmethane; and (c) acetone; and shows a uniform

di stributiofPof dighleramethansrand, and i nt er connectivity between them Figure
4(d) shows (xproskdéefondi stribution in the core wwth m cropores of a pore size
in the rang r. l.ess. 4 <...J Figure 5 shows two porosity

profil es Ob%"ﬁ‘gﬁ}?HE@"g?}?‘@"ﬁ% A &Yrfage e 5 iierspingetivishebyeen deer

subjecting it to secondagy processing. The porosity neasurenent was by use
of a profilEgeta(d) sNds phrol§Wishi ' ' ater _than 10 pm
Whi | st ther ‘nﬁﬁf l‘t);'sesen gesc?i begﬁt?ﬁﬂ#tﬂ% %‘g%?"ﬁg’"@@ c??SJHtZa ?pgﬁgsgzeﬁ? 1[318 é?“;g%a‘l
e“‘qﬁ@di ment o e present invention, it will be understood by those
skiThed in the technol ogy that many variation or nodifications in details
of “desi gn, TAHHE O thevs dwo Berosiy erofiles whiaimay ihe potdeiantie/hoytlycoliip asatnpl el om

the presentsubjevigwtit o Becoleeeh ¥R ekink! THAPHGY meBRment was by use of a profilometer

which had a resolution of pore size greater than 10 pm

Whilst there has been described in foregoing description a preferred embodiment of the present
invention, it will be understood by those skilled in the technology that many variation or

modiﬂca_tions in details of design, construction or operation may be made without departing from
the present invention,




S The Clains: 1. A scaffold for at |east one of tissue regeneration and
bone growth; the scaffold being fabricated fromat |east two polyners; a- - .
fiyst polynmer of the at |east two polynmers being 5 able to-becheached by-a -

sol vent, and all other polyners of the at |east, two pol ympL.g.b anuary 200
selerted fromthe group consisting of: inert to the solvent, anﬁfﬁg]w ngrya .

dissolution rate in the solvent, wherein | eaching of the first
polyjrer is controlled so that |eaching is maximzed at a surface of the.
scaffol d, -and m_nim zed at a core of the ¥scaffold. 102. The scaffold
accok ding to cl dMFms:wherein-the pol ymers are of differing rates of bio-
degrjadability. 3. A scaffold according to claim1l or 2, wherein the
scafffol d has a grade ity Mth .15 high porosity at a surface of the
scafffol d, and | gw po‘?%?gﬁd&&gi 'g-aasy\é&%r% tgshe fegrneralion anddpge arawth: feseaffeld beiny as
claijmed in any one Jf™PaRd TR aldesetitmpolymersmeirst pulymered the tift@siato JoBAGE bdi0
mers areSsel ect edblefts bntedohal bg BQUIPnt ARBAITH Bl A of B h\rléalst t%’h:%f [S. @
bl ejd of nat ural 'pfﬂebﬁ%*?éég%te@ﬁé#nﬁ.xgkq.gt inq .&)Ifymars synthetirc.p ‘?ﬁer&
pol ylgl ycol i de, pol yl actide, poly P 1o@ g fifeert tp b polygnt poghavipeea tower
idctide co- gl ycdFHon fpnfhe solyant whareitipashiag of thafrst polpingriseintoleybuthaat e. 5.
affold as cl ai niebcling inmyxnine a0 sties PTRCREHATark @hilBed MELEI & wlhe
ent is ‘sel ectededii@m t he group consisting of., -organi c solvent, and

sol

i nofgani c sgjvent. 25 6. A scaffold as claimed in claim5, wherein the
organic solvent is selected fromthe group -consisting of: acetone, .
di ciil or onet hane® hexXh4 seafisidsreeseing dpelzin i, wiehdnahofolymans agnd diféihg eelf bid0 7. A

scafif ol d as cl ai med degnadatiiiyy. one of the preceding clains, wherein there are

two) polynmers In a ratio In the range 60:40 to 30:70. 8. A nethod of _

f abid Gati on of Scﬁf%ﬁ? for at |east one of: tissue regeneration and bone

grofth; the method CSRPPT 87AE"9 lafnd ond whakimipe srafidiclesta draded podsipgnmths t o

a pol yler bl enbigh po(asily af sosuridon of thicheafisid,ahd il shrdstyaims theorpbyi@d. bl end; (c)

| eaghing the scaffold using a solvent to renmove a first polymer of the at

: ﬁ:—bt t‘gw'fhgm WITErSa s@zj!ffja!d a H_er;aeopigla_ 3 Site of ?hfe ptregeeding'tc!a!m%.a \%ft\eﬁcetinvﬁe Fa)tO[La%(rrt?wzs bei ng
: p.ol)_(mer s are selected from the group consisting of: hatural polymers, a blend of natural

. ' polyme{s and synthetic polymers, synthetic polymers, polyglycolide, poly[éctide, poly L-
-20 factide, poly ODl-lactide, polylactide _co-glycolide, -poly-€- capralactone, and
polyhydroxybutrate, ‘

5. A scaffold as claimed in any one of the preceding claims, wherein the solvent is
' selected from the group consisting of: organic solvent, and inorganic sofvent,
25 .
6. A scaffold as claimed in claim 5, wherein the organic solvent is selected from the group

‘consisting of: acetone, dich!oromethane, hex-fluoroisoprepanal, chloroform, and
alcahoal, - ‘

R

_ 30 B 7 A scaffold as claimed in any one of the preceding claims, wherein there are two
polymers In a ratio in the range 60:40 to 30;70,

8. - A method of fabrication of a scaffold for at least one .of: tissue'regenéraiiol{ and bone
growth; the method comprising:
35 {a) blending at Iéast two polymers to form a polymer blend; 7
(b) forming the scaffold from the polymer blend:
(c)  leaching the scaffold using & solvent to remove a first polymer of the at least

. two polymers, all other polymers of the at least two polymers being inert to the
‘solvent, - ' '
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sol vent Arrended Sheet LPEA/ AU PCT/S 62005/C C CC Recei ved 17 January

2006 .9 wherein Ieachlng of . the.first polyner is controlled so that '
|l eaching is maxinmized at a surface of the scaffold, and mini Mﬁeﬁﬁhi?}&‘C-‘i?iiﬁff-?F
core jof the scaffold. 9. A nmethod as clained in claim8, whkecavel &l January 2006
pol yqers of the at least two polymers all 5 have a different rate of

bi odggradability. 10.- A nethod as claimed In claim8 or 9, wherein there

are tfwo polynmers in a ratio in the range460:40 to 30:70. 10 It. A method

as clfaimed In any ong;gf i 0, wherein the at |east two pol ynmers
are fselected from the H%LC% BHP%%‘F conyelied, poathat desbhynads maximizethbtend  of

natugal polymers and® g“rﬂﬁef‘?@‘d{ﬁﬂﬂgﬂmizeqmsmhmels@ﬁml yImers,
| ycol i de, polylactide, poly L-lactide, poly DL-lactide, polyladide

pol y{

co coside, pay c butrate. 15 12. A nethod as .
cl aig' yd in argypon)e of%ﬁg?%s f o %Q\%%Qéd,# %rsgfdi“ilet‘ﬂashh@ romeseled from -
the group consisting gf di e&?f'é'?’@ﬁfé’"’d@l‘?é@ﬂ!m onet hane, hexf| uor oi sopropanol ,

chl ofoform and al cohol. - 13.. A nethod as clainmed in any one of clains 8
, Wherein tihe f amnogad SandM 1A 20 met hod sel ected fromthe
consisting of ., oy exston oot A Sh AR e B e g it e
protptyping, and thre R&TOnal printing. 14 A nethod as clained in
13, wherein conpression noulding is at a pressure in the range 0 to
a, and It éTtenbeeleus&aumdaiﬁéﬂﬁoﬁe@Mﬁn 2360l @ o AELROd" as
&350 elge fBeet o i prep, o

dabi ity 16, K@rﬁﬁzﬁ“@ ol Ll Sl o, Sidmieie oo
whegei n | eaching is PR %P%r"ﬁfﬁeﬁgféf?ﬁ*q:polyees bedhiylyefidet putylsstab @R L acldé, poff Met hod

as._4dl ai med i n cl ai mBléactidglyssine dokygeotidd| poREpritRiond, ard phGVRELAkHEE 1N the
rang(e} 25C to 50C, frequenC| es being in the rangeallgHzWrE}o y40KHz and

SUre ti bgi n
e bging A method as claimed in any one of c!alms 810 11, wherem the solvent is selected fram

the- group consisting .of: acetone, dachloromethane hexﬂuorolsopropanoi chloroform
-and alcohal.

13, A method as claimed in any one of clalms 8o 12, wherem thie forming is by at least one

method selected from the group conmstmg of: compression moulding, injection molding,
_ rapld prototyping, and three dimensional printing.

20

1 4-. A method as dlaimed in claim 13, wherein compressxon moulding is at a pressure r in the
. fange 0 to 20 Mpa, and ata temperature in the range 25°C to 80°C
25
15. A method ‘as claimed in claim 8, wherein the first polymer has a faster rate of bio-
degradab:lzty '

R
Py

. 16. A method as claimed in any one of clarms § o 15, wherem leaching is in an ultrasonic
30 . bath of the solvent.

17. A method as claimed in claim 16, wherein the solvent is at a temperature in the range
25°C to 50°C, frequencies bemg in the range TKHz to 40KHz and exposure time being
in the range 5 minutes to 120 minutes,

35
| 18, A method as clatmed in any one of claims 8 to 16 whereln the at least two polymers are

.‘ milled prior fo blending, milling and blending bemg ina cryogenlc mlll to form a partlcie
size i in the range 20 to 500um
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in the range 5 mnutes to 120 m nutes. 35 18. A nethod as cldaingd In any

one of. clainms 8 to 16, wherein the at least two polyners are mlled prior
togbl ending, mlling and bl endi ng being in a cryogenic mll teodfocmioa/ pantyy
iclej size in the range 20 to 500pm Amended Sheet | PEA/ AR BEFEISE January 2006
Recejfved 17 January 2006 10 19. A nethod as claimed in claim18, wherein

t he lting is at a cycle dependant upon at. |east one of: the type of the
at | ¢ast two pol yrrers and a desired partjcle size of the at |east two
pol ymers. 5 20, ﬁ lainmed In cldim18 or 19, wherein mlling is
at a|frequency |n th e ﬁ‘g@ ed foslalgniée Yesrenthe mifingoin et adycieiteper@at bpon2d. A

met hpd as cl ai med i nleashgneoh ée bhbe altaiztBast Bo bR, adﬁ@%ﬁb@pﬂ‘d@g;g& Welgl i NO, an
inpagtion rate |s lkakiPasmelsecond, to-22. A method as ai rre I'n any one
of claims 8 to 21, - wherein the scaffold has a graded porosity with a high
porokity at 2 surface of the scaffold, and a'low porosity at a core of the
scaffol d. 15923204 nét"ﬁ*b@aagaimecammwﬂ19,n1ﬁerémﬁdhﬁ>g‘isgtla%(?@ L?mtﬂgrg,%mgmerel n

| eaching includes: r@sDwWobs of ordfhuiesHO! Ut T ON. 24. A sca
fabrf cated by the nethod of -any one of clains 8 to 23. 20 25. A scaffold as

claijred in any e of clainms | to 7, or claim24, wherein |eaching
i ncljudes: renovél", a‘h’i’]‘*l‘.ﬂd%@!@“ﬂﬁdﬂmyOrmmm#ﬂmdmﬁfmexmerelnla&%ﬁ*dm an impaction
’ rate is 15 impactsfsecond, .

10 :
| _. T 22, A method as claimed In any one of claims 8 to 21, wherein the scaffold has a greded
,w}x% porosﬂy with a high porasity at a surface of the scaffold, and a low poroslty at a core of
. ,/} the scaffold
-E(u- : . .
I5 23 A method as claimed in any one of claims 8 to 22, wherein Ieaohlng mcludes removal,
and d|550!ut|on '
24, A scaffold when fabricated by the method of any one of elaims 8t023.
20 . 25, A scaffold as claimed in any ane of claims 1 to 7, or claim 24, wherein leaching
includes: removal and dissolution,
Ty
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