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t echnol ogi es of desi gning and fabricating

t hree-di nensi onal tissue en ineerin%tscaffolds, and

MRVEDEOR €ASTING T EENGNBERENGS G4FFOINREAND PROCESS
engi neering scaff ﬂ%ﬁﬁﬁl@&ﬂl@é%%ﬁ&lﬁﬁnerati ng the
nmoul d for casting t1ssue engineering scaffolds, and
further to a tissue engineering scaffold fabricated by
the nould for casting_tissue engineering scaffolds.
Background of the Invgfﬁl‘ileﬁtl{ed@(!?}tl%si gni ng and
fabricating three-dinmensional scaffolds are essentia
for tissue engineering. For inplantable scaffolds, it

[00pH desi r 3bk eressnh aweniiont gemeadllyp oclatss dmdedhnblogieal of designing and

R e AR %, R SRS R ARe Ik bty o o
molultefoRi dastidgeBdshit ieNginbdtinpedchFH1dS %ﬁ']& al T%I@i:ésisto)f g@ﬁ%rbﬁh@g the mould for

scaffolds with their host. [0003] There have been ]
casiipg dispresenginerring atatipldspard further ta e tissugrengineedng soaffold fabricated

1.t hi £ 0. ' Lid | CAD nodel i ng
byméec %@ag%i&g@%!rl%ug%n%g?eﬁn%%h%fﬁ(gaﬁodel s for Rapid
Prototyping fabrication. However, there are many
limtations of enploying traditional CAD techniques
for modeling the gdinrerenmsdef the dpyentiogh t ect ure of
ti ssue engineering scaffolds. The Iimtations include:

hi ghly | abor intensive and | engthy; conputati onal
[00p2sour ce Desigmsgvand fabguatimgntmee-dimapkiohbledcaflls are essential for

. personnel. because the. proce i's.notf .aytomated;.and

tsshF P EREO R £ 01 APRGUIBIGRE TS Bt ASSEHIDH B8 i uddepres and

intétfalNGhashlSBsiRleb it heGRRiALESed D tHR thé Yelld dintBidrdt® into the pores
si npl e geonetric designs. |0004] The inventors of the

andyehamaels and geaw ilsreinanesulting o beftar camphidhititos! the seaffildggwith their

hotNd fabricating a custom zed three-dinensional porous
scaffold by using bitmap tenpl ates. "Mt hod For

[000X]Si gni NThé&eBanEb&inCitidinpRab Aukudil slodelFg nfieerdréldtecture within a
?cie}{);ql d", US Pat ent qu{;al,i cation No. 11/239, 008.

scatigldppfpg dagiianabbidd gnadedise deghminues dreforg cogmmiftsngthe models for

S n e el Lz v S r :
R A A 0 NG ¢ St B ViR poving
traditional CAD techniques for modeling the geometry and micro-architecture of tissue

engineering scaffolds. The limitations include: highly labor intensive and lengthy;
computational resource intensive; requirement of skilled CAD personnel because the
process is not automated; and limited scaffold/mould designs because moulds produced
using 3D modeling techniques are mainly limited to simple geometric designs.

[0004] The inventors of the present invention have disclosed methods of designing
and fabricating a customized three-dimensional porous scaffold by using bitmap templates.
“Method For Designing 3-Dimensional Porous Tissue Engineering Scaffold”, US Patent
Application No. 11/239,008. “3-Dimensional Porous Tissue Engineering Scaffold Designs
Using Grow-And-Reduce Pixelization”, Singapore Patent Application No. 200504514-1.
However, when the designed scaffold is fabricated by Rapid Prototyping Machine, heat is



However, when the designed scaffold is fabricated by

Rapi d Prototypi ng Machi ne, heat isgenerated; thus
woradoeni@se for exanple biomatejials that cannoPCT/SG2008/000081

wi t hst and hi gh processing terfperature cannot be used

in sych autonptic fabrication, Summary of the ) )
geﬁ’i’%&n 'iE‘B?] HIW;H foﬁ?éa@%o@PWﬁWfla@fth@tf@np?te‘é’éhitand high processing
terhfRYR0E QBnAIHR\ISEER BcRhAGRIAC F¥icdE] 9ni ng a |

custonmi zed three-di nensional porous nould for casting

a three-di nensional porous scaffold for an object,

wherein the custom zgd three:di qensi pnal porous noul d

conprises a wal née“é‘?fnﬁm%ﬁ'tg'ﬁqgg‘f’}t%‘t ure with

internal pores and internal channels connecting the

i nternal pores. The process conprises the steps of
[008%leat i ng Osieterbpdinegnd & thepresent inMentiontnspeides 2 hockistfmmgesigning a

t af: .egt e ording.to the desired.shapes
i R R S e
scaiffold thr aprobjeet,i wigeréinahe tusesitizod reé-0BGaSiIoAE HHABuLRIBRE comprises

re-process the two-dinensional inmges to renove )
a “Eﬂ%\A&‘E{ & IHEET SHCTHE St inigalopgsee aed intprnakehannels connecting the

intérA1epbyel d ¥ ' ! i
P g I PERer SaPPriss AR GLAE' Yoo Wplates offline
whengst teibitehps heneglatds mengeaiedhcqoodiogiso theuledired sithpss gredimensions
of E %OO(SIJFSI ndacﬁot h?r enbodi ment . of the gr oceg.s, the .
HEnBePs Spd (Ramsls mthn Drpmopl RisnsERE s ordiprasional simpges of the
objedieprcibédl thef tWo-difRngBhA GhnagdsB 16280¢ UhkAMe®@boltidfs according to
t wo- di nensi ognal i nmages of the object, the slice

pregefpenined shresholdse senpmatinicrtbe ditomal strurtigesanst gankmtiobjtee wall of the
o et RSt P b b B R B Rl il °

[00gs]oCess, It mtlsr embollinté f itgplictsiPhetRiefbE $he bitmap templates

perforns manual draw ng of the bitmap tenplates with ]
deP&H‘EF £ subige Ogﬂﬁ‘p?ﬁa’éfokgf(w}é? ebierathe 1asplutios of the fwergimensional

imdgket 8f t}fé_r(g@%ct,stﬁe YBEGidns o(fftthgltxgg-r(lél{el%pggl}l(}ar}gle isn.la%ea 6)6 él]le ?briect, and

aut onat | 'y generate the bitnmap
the somiplexity efithednteent pafes tinkclpnaele 9§ thettheultiwo- di nensi onal

' es e di cal i,.hages.that are generated from a
oo i quls wOTeE ERORTHHT DhLegro &%‘?1%%? frgatde emap templates
peridnins mdnbkiBEeWHE FthSBIRRND RflasediRdy ‘E?}nphfeé?g#a%ﬁic software that

systems. [0009] In another enbodi nent” o cess,
suppeids eviitraamies famal of maigsa shert slgarishimi to Ditginetidally generate the

: _ d Communi cations in Medicine (DICOV fornmat.
bm%{igt%giﬁﬂqtés”

n-anot her enbodi ment of the process, in the
[oomgep of Beawtkdri agbddiMertnbL A lprocess, the two-dimensional images are

medical images that are generated from a technique selected from the group consisting of
CT, MR, Ultrasound or computer-based medical imaging systems.

[0009] In another embodiment of the process, the two-dimensional images are
stored in Digital Imaging and Communications in Medicine (DICOM) format.

[0010] In another embodiment of the process, in the step of generating the internal
structure, the two-dimensional images are firstly modified by intersecting them with
appropriately selected bitmap templates via Boolean operation, resulting in the transferring

of the grid pattern on the bitmap template onto the images, and then the internal (micro-



structure, the two-dinensional images are firstly
nmodi fied by intersecting themw th appropriately

W@ 200801@8 bi t map tenpl ates vi g, Bool ean oper at i BET/SG2008/000081
resulting in the transferri né of the grid pattern on

the bitmap tenplate onto the inmages, and then the )
archifecvrgd and mxéqrpad (gxisrial eeomey) eeriowxdatp w4lthe anqdéfiedhimages are

extBRAEL] }@ ofiHAP Y thg&t-cﬁmt%ﬁsig{fﬂ M&é in‘?OQlei Igpgﬁes nfufd. In a further
uc a r a ce

extracted to reconstr ee- di mensi onal surfa
embodiaiendfoft e mpoedesk, tha thréeidinteasioastb edifaeninadt]l tdfethe mould is

rocess,, the.three-di nepsi onal surface nodel of the
recﬁgﬁf%tq W%‘E@ﬁ%??tglﬂfl%&?c_ Q¥%r f ace pat ching techni que.
ook 9011] Imy _@ﬁ&h&eermﬂ%q?{l%g{t 'B?@llﬁqe ]%t)céslg,gchg EQ:P %?%enér@t‘{'hgtsﬂm@ Sivall of the

of generating the wall of the nould incfudes creatin
mopkkinglndes encatmna the cap struntunsofithe moeld eng axpinding the edghyed the wall

of the ll to r ired, thickness. In a further .
to LrsgiERdekaes et PGt gbodiipenhat e gpotsts i hecepgf hy croating
of the dup&stibfirs bf thetridi2d,0for Ehh $1i26] o ded ofimtdpedat-Lae KepO wherein

sets of image data are kept, wherein one set is the

ong & Anthe ¢leangd Jmpgesnirem dhe step ob Proprecessshe sxo-dimaensional images to
- di i i . '
rerk N TR O R ons (P Me 8 g SR B PBRL R B bl Fooleon and the
othanskt ihe dMdobran Smbgdssaidwh&enl maBodlaag@sratiimds \dogs fir the last slice
._ho Eool a o‘geé@t ion is done for the last slice imge
maged atﬂ%%‘*ﬁlgs 8s@°6fPt he cup. [0012] Another enbodi nent
[0093] the PRGSARE chBY&itenPBf MePHedapindetitil SHEVARE a customized three-
t hr eedi nensi onal porous noul'd for casting a

dimepsivaldperens impudd foymasting & tlaké-dinderisiomahporob$ ecaffold for an object,

wherein the.c om zed t.hree-di mensi.onal porous uld .
whi e dus Sl R i B i e e Hell 3 an nternal
stridiirer with ipRHRS ok hid @fitedlal ChARRE §orﬁ1_@6ﬁh?3tﬂhé1 htbi8l pores, and

i nternal pores, and wherein the customn ze

whereine dhejichitamizsdathresodisensiendll Horoys dueylgnisddesjenedeby the process

: C r . e . .
coRFE PO LRl Bk Ry DAL "L TRRitgops e
arecereatbd icenrdingdionthetdesiréi® shigrk raad dihepsonabfl tiid pedesiandSchannels

.Of ng ores and changels within the nould, preparing
w0 BreRATRG Ry dimgnsional Bragse of thy ebisels PeBracEs the two-
. of u o .
kO ARAEE R OBl B SRE BPR PBL B el
thednternal siregtuizn andygeneratingribe tvall ofidhe mobild; tigerehyuthd ;customized three-
y the c 1 zed threedi nensi onal porous nould

& t her egl u]at 0
imepsignalnonets meYA {sdesigiednot her enbodi ment of t he
[ootgul d, t hpadAGesmidih® df theRoul@ RE Sufiber of the bitmap templates

depends on the size of the scaffold for the object, the resolution of the two-dimensional
images of the object, the slice thickness of the two-dimensional images of the object, and
the complexity of the internal pores and channels of the mould.

[0014] In another embodiment of the mould, the step of creating bitmap templates
performs manual drawing of the bitmap templates with any computer graphic software that
supports a bitmap file format or using a short algorithm to automatically generate the

bitmap templates.



depends on the size of the scaffold for the object,

the resolution of the two-di nensional inmges of the
w@bkjoen1695@ he slice thickness 9{ t he two- di nensPCF84:2008/000081

i mages of the object, and the conplexity of the

i nternal _pores and channel s_of the moul d. [0014] In

[004plot her &rseathee mmbsdinent ofpthedmopkh the ey oodimengignlnignages are
mekaicta gte§ %t t%&eeg rﬁgté@frﬂﬂ ef%@ﬁ‘ﬁg éjgéwt frgf'n ﬁl@%ﬂ%ﬂﬂ E[H}glstlng of

tenp ates ny conmputer graphic $o vvaret
CTs MibbUﬂtsasauind Dmtannlfutdardaa‘sed medicalrimaginpgystesiior t

gorith ut onat.i cal | ener t he bitnma
[003 é]rrpl at e?‘ PR e e dup et ﬁth% 34 tﬁ%ﬁ‘f’ 0 élfmfr}'?@p%ﬁma(ges are stored
in biftal WRadh &ﬂﬁiunidiﬁ&?ﬁn%@dlﬁﬁg (SRtoMyBGERtt hat are

generated froma technique selected fromthe group
[00¢Ensi st i hgamthmmlmlmemﬂ afrthe onoudid,an tho stop oé igetxasto the internal

sefiey e b el SR R, O PGS By SUGTBPEE fpem it

appobgriidtély selea@t bitnRpdeaplarsd ViLBbblens opdratid] r&sunmg (P Mnsferring
fornat. { 0017]. I n, anot her_ enbodi nent of the nould, in

of fheerid paitest op éh% bR demplate; ote thmimages. and then theniaternal (micro-
arc%ﬁ%ﬁseg?{}? 'ﬁgf@%ﬂ#}@ﬁ%@l %pr %i)sé I% se% egs %%%BOdtl fied lmages are

extraztql &t esonitaicBaothemndinpasiatal Cﬂllrfacemddbl 0f the nicdudd. In a further

err e gr tterno th bi t
em@%(ﬁme £ ol Fopdd o, Bt e BPRG) of the mould s
rec()ﬁﬁtﬁ&%rligl'k fﬁ@ép&t&)mgf&hﬁﬁa@rnal (external geonetry)
cont our ta of the nodified i nages are extracted to

[00d&const r it ancahqrmi@@dunmmi ithgaioukiy Itlfeast@ abgeieraiingtthe wall of the

mo%qﬁfj ngluges eat ’cfnu : g? glg% : p&%fl aﬁxgglg tEe edges of the wall
to 4 RQOREt ﬂawkhesi oy a‘ﬂii‘tlﬁélr(éﬁlh@dirﬁéﬂt BﬂtHe&ﬁ&ﬂd d@he §t69B8the lcFeating of
anot her enbodi nent of the nmould, the step of

thesap shruetirepfithe rrwald for each eliesp el s¢ta of iraegs dateaneikegt, tWherein one
| e f.
setflﬁ ghétc %dg 'ilgagefe durre Hﬁl gf'greef)(l%ggsq ut&{ahdlﬁl%g? Snal images to
renerveaniwvartet pottidnsecearding, to Ipredefeemﬁtedph@fshdlhsﬁwﬁlhe(&tfkdwean and the
of thec tructure he, noul d,. for each slice
othgnzet iyfhe Hoglsan igpses @r@f WRFFin ngHeclesn Qnssationds deng f% the last slice

lm@emqgthle@ggee&tﬁggﬁgthe step of pre-process the
two- di nensi onal 1 nages to renove unwanted portions

[008%Icor di n§h¢ objsctinchstand radmantagds r@sth@)im/snmn debe@mnd am]arent from

theifiot e 8GR dBilifin pEBraierdraro o BORE et i Bofrifn with the
accbh@hnyisg Hhsvik@se of the cup.

Brief Description of the Drawings

[0020] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like

elements.



[0019] The objectives and advantages of the invention

w || becone apparent fromthe follow ng detailed
wale®eniqse on of preferred enbqgdi nents thereof PEIT/SG2008/000081

connection with the acconpanyli ng drawi ngs. Bri ef

Description of the Draw ngs ROOZO] Preferred o
10028 0di neAtS 148 adlosichart skowing thy ma@ritens of i designivg and fabricating

. i 1 b : g i '

IR TF RSty & ek BRIl b SCRRILOH Seortthog with one
embOdiddent 5f 1Be prasentdnfdntionhart showi ng the nain steps of

1002R coat RIS RRr 2sarplset eI PRt Saance i ¢ h
[oo2fle enbogiGeENh&fs bhenEeSeRte gf@lﬁ%kés@&i n[l&ﬂ[z%]érél%g‘eﬁg having

shows a sanple of the DI COM nmedi cal inages. (
remo vl dhgsunw aderpdata Gpm the DICOM medisb mukgesd ishan imBlge2.

ter hay . ved the .unwant ed data fromthe D COM
rooZhtt °1 1" WG £ £ IR, WS IR AR Bl e Tk B RS
[ood5lagr am FihG\§a RBowéend tifri {at@f the slice

t hi cknesses. [0025] FI G 5a shows one bitmap tenpl ate.
[00g¢jo26] FFEISH S&%\m;slwmaatﬁ@gﬁtth%ﬁmp termwlage slhaypn 1n FIG Sa.

[oohﬁng' at € i AWMnbHs B! err{agg “ldw bt %6%?%% Is?@%’/é’?‘e fores by overlaying

di'agrammati c view of&?%rm ng square

theditardpatypinpiptdshod FbG tSermpd Fé@Pbat es of FI G 5a and FI G 5b.
secting the

028] F ho the result of inter )
W"%@di clu Fﬁa&ﬂ sBeWyhe resuls afintersecting 3%% Ipge QiFIG 3 with the
bitBBe Winpl e lab Shovd in[ 14028, FI GS 6a and 6b show an

enl arged part of the inmage of FIG 5d before and after

[0029e nor pHEED §r @all 6dpdout aroenlaized pait ofItld inadeoelFI& 5d before and

I ical .il.lustration of the creation of the cup
aﬁegttﬁélj%to ré’lé C#ﬁgerﬁ%?ﬂ'd in accordance with one

[oosoTbOdi MERIG af shbhe FIEBA] ill¥MRIioh AT -thd 83ddn b6F @eSeup structure of
shows a graphical illustration of the increase of the

theauld inacerifiesee with ppe embeditenhofibe pregentdevention. one

odi ne f A at | [; Fl .
oogooc Tepi b SR AL S0 RBERL PR i s of
the Rapildl irPrcsbriay@ wigh one embodiment of the present invention.
[0032] FIG 9 shows a mould around the jaw area fabricated by a Rapid Prototyping

machine.

Detailed Description of the Invention

[0033] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0034] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention

pertains.



machi ne. Detailed Description of the Invention [0033]
The present invention may be understood nore readily
whoopai@sence to the foll ow n%/det ai | ed descriptT/8G2008/000081
certain enbodinents of the irnvention. [0034]
Throughout this application, where publications are
[0038) er enc e, disqussgd saloye.udissctofabricatien ofbai thegs-dimensipeal porous
i rpor b ef .NC ' heir entireties
soaff@ ey 60 0P BT WhkP SRR Blondrld s ML efltoe these
biontaterla e wfuahy tterhperatarecsentitive. iIﬁVcﬁﬂlégi oNoReEdnad ?ﬁs Qifficulty, the
0035] As discussed above, direct fabrication of a ]
pre%?‘f&e‘é‘l’%‘?t’r?é‘nlé‘ioéf P DSOS fok srsigrias g fbricying e dliepidimensional
por‘éﬁ? thdufd Hﬁlt BaPbO H?édefo?‘ l@!:lsstm rEihitel dih@fiolf GRS SEF%&S, where the

iomaterials are usuall'y te&nperature-sensitive.
moghdiean bedabnieatasiorsing hRapid Prdtotypingsystetne pr esent

' i i d f or desi gni ng.and
10058 et 1R SHG i P i &1 B OS5 QoG O dhe pggpesses for
dedignitis @dd f Rbricamll HGustoiedethdIBRRhSEBAA1 @4 $nould afor casting a

scaffold, where the nould can be fabricated using
thregdimensiopelopgiers geafield dm adconiaate Moth o embodinpnd\dfdthd present
: e tai.l ed sGgrLi.phion of, the.proces for .
i G PG 2, ORI AGRII e bRl 15 o e
apprévigted dhatewhilernthd fpltowiug dweepdiohowilt asé ispecific computer terms and

t hr ee- di_ nensi onal porous scaffold in accordance wth )
Progrmnssion B sopNenigfced explaration; othes ymRuser Pregrems may be used if they

r IS 80604 Bl SR 685 s
flowebertiiptiesignapid dnlyder thp eonvangence wp nbeatianer Tite presknt invention can

f . ' f | ' , ot her
be Bt aTichomts G i iy BT GE St pimied Tor 1S Lol cabl e
[oo3xr the Refdpdk &f Fid e, MEEpR0Ess] I‘%‘rﬁ@t St by e ARG Bigﬂéﬁ) templates

the order of steps in the flow chaft is designated =~
offling 05 ofs tdizcusssdabevane shree-dimaensiamiab morohk enpuld seomiprises internal

' t.] r iced wthout, foll ow,ng the, order
porb{ WG ihRehgf WaREP oRIRRE Y HOSHM Riear rPRG B e presan:
invértibnpiso ae ssilize MY Windpt teMplate€as i dreatdi theBRsir€Rte@S pores and

offline 10. As discussed above, a three-di nmensional
chapgpsle,sThnsuthe bidmap itemplaten ass egatedorcserding to whedemired shapes and

B0 LRTRHECIL s P B0l o i
templatesl thatdmve to e embted tfiver dewlidrdeperdstoarmaly factossinelnding the size of
the scaffold, the resolution of the medical images, the slice thickness, and the complexity
of the pores and channels. For example, if a square-shaped pore is required, two different
bitmap templates that are exact negatives of one another will be prepared, as shown in FIG
5a and FIG 5b. The three-dimensional square pore structure is then achieved by arranging
the two different bitmap templates in an alternating manner, as shown in FIG 5c. The
shape and dimension of the pores and channels can be controlled by specifying the width
of the grids and the spacing between the grids in the bitmap templates. It is apparent that

the bitmap templates can be employed to create pores and channels within a mould with

any shapes and complexity. However, creating pore shapes with more complex geometries



channels. Thus, the bitmap tenplates are created

according to the desired shapes and di nensi ons of the
w@redi@nd channels within t h% moul d. The nunbRET/662008/000081

different bitmap tenplates tHat have to be created for

a noul d depends on many factors including the size of
dempnrdsgpere different; bitmanetsaiplatesoandononetnompdel ersingemeyis of the different
bﬂﬁ@ﬁt lagsthlckness and the conplexity of the pores

annel s. For exanple, if a square-shaped pore is
[OOBaiqUI r edThé weeatibh fo rigtmtiapbietrpbdtest &ﬁi)béihﬁ&uﬁlhdthwﬁ{geof the template
ct negatives of one another will be prepared

as
desigih iy ufIRe BRSSP HUERPEC Spitwartsahatshearty fh@%mﬁlﬂ format. A short
alg%ﬂﬂﬂ BarP L& be tuklf Ed"ﬁlﬁoﬁﬁh&%eﬁgﬁlteeﬁl%qe «Tﬁrﬁl?rﬁf {é%g)lates. The

two different bitm ates 1 n a
meﬂmdﬂ end agorghmswfor gererGirgrandTvaniplttiag ahel bwtm@nlsmptatcsf are well

th and,channel s can be_.contr,ol |.ed n
ki < oSR SBfles RLAH Sl ok 2465 0s PiatS Bl he RO Tty h%in. The
bltﬂﬁp démplﬁteE fgi%n&*afeﬁaébﬂsﬁmék' AhfSrm a"rra'y§ oR RIS %ﬁre&é}ﬁﬁlgttﬁg internal
bi 't map ates can be enployed to create pores and

StrqherR rﬁ>§ rtlse mptlhlu andathayaidg inbetvesnythe paybereand. wide variety of bltmap
r.e _shapes
o SO S0 109 RS, BDEAGRG o sive et

diffeesmp| mbekl amtérrﬂbrlmo@@-ﬁtﬂhﬁxctaxfer degeme nvisEclpf pdsb@s different micro-
di fferent bitmap tenpl ates. [0038] The creation of

StrygrABrOPERiSt A¢- Bs P@%“Bep?ifﬁﬁl}awe b disagPugeniand ipisrgmaedivity) to
suifesioud TRY¥ud!Bh ae&@g@g@%{oﬁg graphi ¢ software that

supports a bi rmat. A short algorithm can
[0039]so be Imserler do ameaicmhe: ctlaieb-ylirgﬁrsmnat @otdus meuid; twea-dimensional

bi t e e ods a al
im e SRR ERGCAAD R G1eAr hgoaure NS fdp MRS Wl Gisomppare used to
illuweate theroylichPord BPER Sridipl@dof the (}H@SCﬁf Inves@ord, htafs t8%e appreciated
further details will be provided herein. Thé bi t map

that thepprateat inyenéomisetptcwnkimied. oThanwo olinrensiona) madicay inadging slice

e he r pal uct e of tI1
dork RGhOR° BkAPed [FbCNS GO MIRLHF G St 6 SSOlpfiay meaica
1mdy1ﬂgfaﬁstérﬂﬂ1p|laiee§er@?dﬂed3emﬁge€§lﬁ@d Y st‘d}édﬂ disig i E&nﬂhﬂeﬁle format
spaci ng_and _shape of the grids to give rise

knoyyy 4ethie Rligtted dnaging pad fammynisasions %Wé&nﬁ@lﬁé@ﬁlg G 2 shows a
an*éﬁé of tROBEES#1 Hlchigl ﬁfﬁ MBI RS éﬂﬂ/‘f&l{éﬁ ?r% Lé)él aRe'it! ?&ed in a single

g., porosity, pore ape an on and
DIGC@Me fitoo n As ctuchy,i thy) schmedbprbﬁkeadatm v aTpaeue 1sEctg1tznﬂﬁi img series of

oGBS, ook bt e G B oy b imaes

slicBli§ sefaeRed 8¢ azﬁxecWiéelr %efé?rﬁhﬁélmﬂemg ?(ﬁovaﬁ%g‘tgshmm&dhess The
U trasound are used to illustrate the application of

slicg fﬂgclg}esm@mﬁﬂg@f@ptstth@regplggem and apgeracy of any thréesdinrenkional models
geneBl LS Cs'magt ﬁne imaging data slices as an input. The DICOM medical images may be
generated by actual scanning or obtained from public databases.

[0040] Then the next step is to pre-process the DICOM files to remove unwanted
Data from them 30. In a typical image slice, the different types of tissues captured by the
imaging system are displayed as distinct regions with different pixel intensity. For
generating a mould structure, only the profile of certain tissue/tissues (the tissue/tissues

which the Tissue Engineered implants are going to replace) on each image slice



that the present invention is not so limted. The

t wo- di nensi onal nedical imaging slice data can be
w@emenavewd either by CT, MR qf other types of PCT/SG2008/000081

comput er - based nedi cal inagiﬁg systens. The generated

i mage slices are stored using a standard file format
copprpdiag to Hee migipntaflinteraslisrrgduired. Coneushi eachi ionage islice will be pre-

Gl S e |
A5 LS P B I AT b STy e
sarnploadfahe gteeprbb@ahd fricllieal iAmes lﬂgbl_; hvhes mad?@ g?wcgh\t/led data from
of a patient is cont in a series o
th?dﬁi@l}/f@ﬁ@ﬁﬁé%ﬁ??ﬁgs Vet :[@ tar cross-section of the
[00][2?]t ient’ s ¥g)r&_%§§f' féﬂ"@eg@go?izhfgﬁof Seqiffed’ eeg?\?%(:néc@d data from a

i xed user det yn1ned |nterval nown as t
DICHIM Kde ssn b learrisHiouk it by kosside diayec Fby emm_eie,t wsinghe thresholding

resol ut.i.on and acc cy.of any.three-dinensional
prac et Blygng e AGLIRE hifkls Pl i alied Bt the tapeshold value
as &tpttiined B a k& Fetlvedlas SREWEBIERY AEsitBNBedh@RehdlY value should
actual scanni ng or obtained from public databases.

be pgomg|lermhan theriatengifst valuagyf the pixelsperrepantiog the reheirddl GOV

files to i un d Data,.fromthem 30. .In
[oot‘l%/]pi cal if{%‘gg 8 i C‘g@%ﬁ; @i f PR lsttgi)ib‘eéli“’lfi valiges

captured by tlfg)i magoagrwist em are di spl ayed as

distinct regions with different pixel intensity. For

generating a nould structure, only the profile of

rtain ti [T 11S LSsNehftl . whi ch t he .

1008 e gt R0k kel ades B BE UGG nigily wsing o
speetadly wiittge adgdiritbmoor espdnoigeacediting beftwaei hat Ghpports DICOM file
P in%erest is required. As such, each image slice wl|
OrP@l-pr eprocessed to isolate the required data and to

[ooagrove allfedRpaniss tllféa%l@n%nggligfageesfgﬁ U scR2 R 88&5 h{g@ceeds two

pre-processed nedi cta aving fe
paraiigleopesdiodafa genenating theDheBM] srditosd aridnwgie ofitheshowid respectively
40FIG 2. [0041] The pre-process for categorizing of

rTequi red and unwanted data froma DICOMfile can be

[0085y i ed Baby the opBYtIORSSH JinBratiBY the iHRA%BIRLR of UL ROul will be
t hreshol di ng process for filtering unwanted dat a,

desgriked Hrsiri To createdhe intgrmalaioneus| misgo-architedtire of hreamhalds the imaging

a5, 85 ASHEAL B Bkl el SR S50 R00 it by

tenpited it Rdodeantdperaitioh e Mhid willaktle inthetth@siked 6f the fgrid pattern on
re resenting the required data. [004é% fgx) =J 0 for

thefb("%apée@P afhenta the fagendiceh losiernstrygl the thieejmensional profile of

the GubBIIN AR i 04 in?é?ﬁefllr @ﬁf@f’cﬁ&rcﬁgecﬂﬁg\? oL & Lxflh A (%Q{énﬁll Pometry)

be carried out manua usi ng
contour data of the modified image slices are extracted. Surface patching technique is then

applied between the contours to create a three-dimensional closed surface model of the
mould.

[0046] As mentioned above, there is a slice thickness between two consecutive
image slices. In order to use the pre-processed image slices to generate the three-
dimensional structure, the slice thickness has to be refined. The refinement may be
accomplished in many different ways. One exemplary refinement is shown in FIG 4. The

refinement is done by duplicating the sets of the pre-processed DICOM image slice files



specially witten algorithmor any imge editing
software that supports DICOMfile format. [0044] After
wW@bitaiinidmy t he cl eaned i mages of all slices, tP&/SG2008/000081
process proceeds two parall el® operations for
enerating the internal structure and wall of the
ancaﬁllmg the spes thidksiegsea by ipsotig) thaiuplipated PECOM dmegoflices into the
: [ ' ctuyre o he ld. will be
i g fise 3, HE b S BT HepRle b Cas s Yol by he
thickinesso-ofirthhi preqirocessed§l DIOOMITags , slich earidaigl @Bcﬁ]&&hi@kneﬁs. After
lices are firstly dified by intersecting them wt )
du@t?ﬁ%‘b Fﬁ%{@%?_@é@%éﬁ%oof@ilt%ﬂl%hﬁ tatbegeviesistried Bythe user. This
mo@RRGBA Nnectiasy leh%frg 4k bnd Hlsfntﬂgd LiRp %}&(ﬁ{%& b8 ReQhnel NE being a
grid pattern on the bitmap tenplate onto the inage
conginuoes setof 2Rdmages: uct t he three-di mensional profile of

I tr.uct , i.nt er nal i cro-architectur .
003G ext eRAEFPERTLREICE alf e et b Hacrstied fd the image
slice®atd prRCorosRe&], 3l B66ISarR ner§octibA GpBfdtiorys (RAGHPRHABH Between the

t echni clue is then applied between the contours to

bitrapie dereplates tind dheliimages blinea60c | Usingl thisrdpsttionpthel grist patheen of the
bitr?%é”g%ngiapegd'@%ll A% H:Fl\[fl\%ér?éﬁe gnt%b e ég%:ra@celg F?,n?eéll_ifl ::a}eppear as two-

ness between consecutivel

dinmnsienalt arayse gones prdechanmgte SE&deafBe asIsh6ws ih PIGS 5a and 5b, two
eperate the threedi mensional structure, the slice

Setf'tg HF SEWQE demplates baipg exadt megativep ©f e nefish areritjedoto generate the

squAfROPBes SIHAd chdhnBRNYs qﬁ\%‘l‘tr%{eg nfnTﬁZGf’Se OnRr @ XIMRL &Y A rt]lée result of

refinement is shown I n i nenent 1S
integsecting Hiechficlicgl InhagesdtRIGHY andhhe Bitmgyr Demplatd] Bf EXBA5a. Different

e T
geobldtidal bipelana sire of thelitRes fedqh tRURL BRI @SicfuPe. 0

made for each slice is determ ned by the thickness of
[00481e pr e- Perocawss esth@k QbW paracrizes lis cepresettadnby st ixcer (n>1) pixels,
.. thigkness. After_ duplication, the inage header, data of .
interyolion 87 Bie imagS slice Wit dhe, Wi, eghplelEEimay Temlt iniBe generation of

incdplBtefR tirhied Fok @t itfe HREESS Bt efiBn SFIMERst NREud Bcomplet
lnci ngerefsgd sli ?gs woul d&%g deemagléla{c,l bei ngsa colr11ti na%rageepores

are gt repRovep frora dos impgrodlices, Redyewill resuldtin lthe faymBtiah f loose ends of
Lier bj t.enpl re created_and.the.i mge
@ g P AT P00 L AR Bt B, s
loosperidst oD materidlhare per desinblk Bethwsetar Be dakily®eoken off. Thus, a
t | ates and the image slices 60. Using this ] )
mm@ggﬁg}c‘a Aperatin 1§rGaigdqut & Fereverthe incomplete pores 70. This operation

checks, identifies and removes all incomplete pores within the image. If an incompletely-
formed pore is detected, the intensities of the pixels representing the body of material
surrounding the incomplete pore are set to zero (empty space), thereby removing the
incomplete pore. FIGS 6a and 6b show an enlarged part of the image of FIG 5d before and
after the morphological operation.

[0049] Now the operations of generating the external (wall) structure of the mould
will be described in detail. For the mould to function properly, it has to have an enclosed

wall for holding the casting slurry/solutions. In one embodiment of the present invention,



bitmap tenplates will be transferred onto the inmage

slices and wll appear as tvvodi nmensi onal array of
weredi@nd channel s. For exa as shown i n FCTESGHE®S/000081
and 5b, two sets of bitmap t Iates bei ng exact

negatives of one another are used to generate the
thesepesation Qfaeneratingl theneplh epwprisesitb wirps asreafinigntheic@p Structure of the

B PR 05 S5 b8 SR AG, LRecl Bl 21

[ooBo]f f er entN@wttha'{a iseprplidee s &ﬂ@mlddn&@bﬁﬁﬁdﬂ of thé Eféatnh‘@ of the cup
uired for different

r%’(‘)r%\eﬁ £ !%g}eos e Fgﬁ aarlgu'qg@e,oiqu $ris phinpage et prgtkegtiome set is the
clebiid BEREIRI s& rﬁﬁc\;&/f’dﬁ(ﬁﬂ RPRlanf e Gﬁ]§f§et%‘l ﬁ{e%(;(ﬁ@an image from

pore size Is represented by n x n
step 90e M@ Boolean operatien shmiigee ddriedfos thei la.‘.ﬁ stibe thé lasaglice is the base of
thel terrpl ates may result in the generation of

i %W€onpl etel y- formed pores at the edges of the region

[0061] i Nt er &&kw rdfbrrgCld F I@ ‘7”'@1]16@& @s Bﬁfv‘f&edaé %ré’t@ﬁcaﬁ §IRYBHon of the
fromthe i mage slices, ey W result in

creplpraf ithm cep siroegivee eﬁd@ m@u}datnemcar@ns‘t mt«h nge @mbOflmnﬁmt of the

| d ct d rin he f tion cess
orehl SFENCE TARBR Ko e} B PRl ThonR BE TR, oot are
gertpatedas slasit in BIGOKE). dﬁforde'thl Sreate HRIJUP BH@BIueAlvith no leaks at the

..operation is carried out to renpve the inconplete
Sld&oﬁege gePs thpl \zfﬂbbe €5P9ssH shplb bg dilledy s is dene Wnepe " embodiment by

usi{lgrﬂi’é’@&aﬁlx{n d16P glteglo‘ﬁg 'sfise Whd Qﬁ@b&tﬂeirﬁatgg of thd c@rpent slice to

conpl et orne ore I's detected, nt ensi ti
perddrnt the Bn&@h&pnmﬁions dhe iimppt ithegds cqu/Bmﬂeamd)}mratain are shown in FIG

n e i.nconpl ete pore are.set tq. zero (enpty.
P i 3 oV o e B HEGH ] S I, AR e g mage of
curddil sfbe. S'FﬁWBbBle%ﬁ'@%%@n%h{pﬁ@és e stepRAS a@fshazv@ 1§d€IG 7(c), the

before and after the norphologi cal operation.
premwstqi@ne@eshaw |a@dscmffeng dvoteani &hgetane Hmﬂ@nndﬂm(mleta)e an initial

s A Sy A P SRSt RSk AR b cean
slicenet Gooitaied o fekrdi® b dedltahthdice agh |oﬂﬁ:r embodiments, instead of doing
slurr /solutlons I.)n one enmbodi nent of the present

step v BhtheoRoglran GB@ﬁﬁ?lﬂaofﬁe dreyjevie Bapleay slipe comible used as the initial
resﬁl?e{ﬁ? 511%@ S Folfhe 18P Siice nt%al%&gant Bﬁer?tlflcﬁ] ft ﬁéﬁ%%ﬂ{f af% o1 base is

0 and expan |ng he e
requizeflii red t hi ckness 90. [0050] Now there is provi ded a

tail ed escr tion the creatlng of the_cu )
[0093ly uct ur ’51 g @6, thesp 12 REYIdYG; %érap(héﬁﬁ‘?é]é‘fsgati?n of the

inctARIBF HRt @al@ﬁﬁici&@é&ﬁ 0fAhE m%%tld '11? aé&‘)ﬁ ddnlc€ %9{1 ohér%%ofiﬁ&ﬁ't of the

step 30 wi thout Bool ean and the other set
Preme Ille«@ntlorrrage cfeatmthstveqd] 6Dthe Moowdd,cl mrnenpmoattecmmcwhas ffirst used

to cg]eate N3 1rfngée oundlarayS tas sﬂlév(v:ne in tFlf& é(%s and” H(S e8({) A for o%?almng the

edges, wall thickness is being increased by using morphological dilation and erosion.
Depending on the thickness required, the process repeats accordingly. The series of in-
sequenced Boolean slices together with increased wall thickness slices are then used as
inputs to some third party software that converts it into STL file which is suitable for Rapid
Prototyping.



the cup. [0051] Now referring to FIG 7, there is
provi ded a graphical illustration of the creation of
W0 b@aueset ructure of the nmould in accordance RT/RGZNE000081
embodi nent of the present ifention. Taking a square
i mage as an exanple, two sets of inmage data are
{oosg}aner at edowgefehringback té IF(B’&?I(, ajter bath onteeral tnmd extelaltabsttmf es are

re wi,t.n no S t he.si de
obtaipah Hhy Boolsat i dBtiiRen ares SRCRIT dne Hice 06 yiREF tqpether by
meRBDFRRBANITE Part) ¥oHHaROthhiheofeR aRe kéfRgIah-skfi®nced slices into an
previous slice and the both imges of the current

STIsfileckd0r angd dnifus il filk éntadd) machieptr fabrisatiorht.i nput

ges f ol r LG .7
oof 23 G SERLFA AR AL ELE B MBS b pocping
ma&M&L&ﬂigtﬁbﬂﬂﬁet mhtinBeaheRrmel mage of cur rent sI ice. The

Bool ean gper ation conprises, t S s sho
[0055] G 7( c)The matssials, that arec peplicable sﬁ%r éﬁe é??gf%Oé‘S e APt imifed to any
spe‘ggg uﬁ%g i3 L:d) I&ggrb?odégﬁg?ﬁas i g(\;\%ﬁ{‘ﬁ 'isat'beoeq’[(%eél i %)1‘0@r ding a support

for itisbue gﬁowthsnl visot Bori costing dechniquenmatdriadm guit shi de prepared into
Bool.eaned, ti)udI%enerate a resul tant sli.

C
Sl SRRy e GRS, PTGty 280 s ool BB mgteriels. The
sele‘éﬁ@ﬁ i @@pe&h@ rﬁa[t@x’{dloéi'snﬁ%@ﬂal%afbrslhhﬁﬁF CaRcATRIISRPedds upon the
he initial resultant slice. For the last slice, no
chaB@t:ﬂneh% ofgbe desitsd s¢affoldcessary as a solid base is
quired 052 ri
[o0 ? ovi de d’\%lglgrtgxp#)r ]i\'{¥ 1n?%n%g) hq b%(%l 0458{1? ed \:}vﬁg ?gfgfsezlce }o particular
embiddemek, itt wilc ks Qﬁﬁel@fooﬁht(haﬂﬂid:l eknbasmﬂrentsr a‘iand:lastmtivh amdethat the
enbodi ment of the present invent To create th
inveption s§pPe HenGhoQ limited: sébtﬁ@ﬁtﬂéﬁ ot Qe peesepy igyention will
' ti
becgl?]lgdaﬂ)% g{( gf{.h%i\ ?gxgh t fi e%?%ﬁ? ry th% grg E@W\%dhnthg preh@nvention
pertaliisc lﬂwhalﬂematﬁeém@odlmenteawdomydermi ﬁmgbmcmpmplassgd oithin the spirit

di |l ati gn, and erosi on, Depending, on, the thickness
and; 698F © gd he prrsen; Gyetion, egﬁ%ﬁrgmg]:ye glil%l R RY Ofcéﬁeprg%f“f {uyention is
des&fﬂfédn%EQern%ﬁﬁ’eI@@@ QathsSlhh@es 5RGRHBE! bV thd foReoRRS &ldscription.
wal | thicknesSs slices are then used as inputs to sone
third party software that converts it into STL file
which is suitable for Rapid Prototyping.[0053] Now
referring back to FIG 1, after both internal and
external structures are obtained, the Bool ean and
I ncreased edge thickness inmage slices are united
toget her by neans of using third party software that
convert the series of in-sequenced slices into an



STL file 100; and input the file into RP machine for
fabrication 110. [0054] FIG 9 shows a nould around the
WO auvate@so f abri cated by a E%d Pr ot ot ypi ng nmeR¢il/s&2008/000081

using the InkJet printing techni que. [0055] The
materials that are applicable for the scaffold are not
limted to any specific type. It could be
bi odegradable if the scaffold is to be used in
provi di ng a support for ﬁpééug:gromxh in vivo. For
casting technique, materials that can be prepared into
slurry/solutions include ceram cs, polyners and

What nddhinediian of both materials. The selection of a
specific material or materials for making a scaffold
depends upon the characteristics of the desired

1. 8¢ af é&l@% f&@&%@mﬁ@a b@stdoieedhe&EinenBisaaltpopsushasull é‘encastlng a
desc 8 reference to particul ar enbodlmeHr

thremdimenbmnahmom swoffoldnfar an pbjcetnpbarereesugipmized three- ‘dimensional

porqup Ilﬁlq %51}&%’)?1@%2%9} aatng rPEﬁg{eWa? %{Ijugt?resﬁrﬂﬁqnieﬁa@?t)re% Qnd internal

Inments resen

chaﬂnB}éQ:théUﬁ ‘Eﬂ’d'lé inkef4PorespRat plotess @omprisiag Iu]aa/stqg; of:
di nary i1l in the art to which

th res
. n@éqatlng rblﬁmn Apmplateseffling, t‘@li*%met@rrgﬁ ﬁ?@l’lﬂe& are created
accor(?ln% tg t'fi'lgdc}]etsﬁe@ %hg&g ofRagisRHsivhd BEMhd BBreaPidd thaaRels within the
scope of the pres

I nvention. Accordingly, the scope
moudd; t he present invention is described by the appended

cl'ai ms and is. su e gO|ng
deé’é‘?ﬂaﬁpg 6‘?10@11_%?‘%20%5?35% %H’ﬁ ftﬁe F 1. A process
f olrﬂréj ﬁlf%cgﬁ' t88 tRo-dHAERIEEEN RS &ﬁrdﬂid’ﬁ%ﬁﬁlhx@ﬁ&ﬁ foeticisaccording to

or casting a three-dinensional porous scaffold
1xak&mmam¢ﬂu&ﬁﬂﬁ8mhereln t he custoni zed

thre i.onal S. pul d conprises a wall and an

i ntggp?fﬁ*m%ﬁ’lﬁd%tteﬂ}aé (i(%'f{ 1 @er nal pores and internal

ch ﬁghﬁnggﬁn@gtbm@chﬂﬁminternal pores, said process
rising the steps of; creating bitm %pglaaﬁs

of ftheraley thmst@mzqdﬁhre@rdllﬁﬁwrtabwo&% E@ugirlé 182%%d

according to the desired shapes and di nensions of the

pores and channels within the noul d; preparing
2. t WOFHE preesk of elainh Mpgheremfthe hembbx] (Efcth¢ bitmep pamepates derteads on the

t di
51zeaé\f€3}elcﬁnc§§g]|ldgfnog lrtg@ @%c];n th% aésg H’{}m tga%&/%ddl %Bé%)r?&q images of the
object, the slice thickness of the two-dimensional images of the object, and the complexity

of the internal pores and channels of the mould.

3. The process of claim 1, wherein the step of creating bitmap templates' performs
manual drawing of the bitmap templates with any computer graphic software that supports
a bitmap file format or using a short algorithm to automatically generate the bitmap

templates.

4. The process of claim 1, wherein the two-dimensional images are medical images
that are generated from a technique selected from the group consisting of CT, MR],

Ultrasound or computer-based medical imaging systems.



generating the internal structure; and generating the
wal | of the nould; thereby the custom zed
W@ broegiqdsiensi onal porous noul d is designed. 2pPCTR&2008/000081
process of claim1, wherein 1$e number of the bi t map
tenpl at es depends on the size of the scaffold for the
obj ect, the resolution of the two-dinensional imges
of e object, .the.slice.thi ckness of. the e
5. Do L RERERCIF iy abEp (ed"BaRReRiolgmagss are stored in Digital
Im&EHP bRk ChiyinRinidatiend MiNEdidine (DICOMYFemedtannel s of the
moul d. 3. The process of claiml, wherein the step of
creating bitmap tenpl ates perforns manual draw ng of
t herhi I : ME j
S o Fb PERE IS kL, (e SOTDH b lerd B rtermal smuctor, he
tweimndnsmingoimbged are Arstlymabtifed| iy jeteeseating tthem biwvithegppropriately
tenp|lates. 4. The process of claim 1, wherein the, .
selt i it dordhlafe iVﬁ%@gl_ea? é?Pﬁ‘éH?lbarFS‘}][ﬂ%é%ﬂt%‘é‘l‘nsg?’Eng of the grid
pat@2R8hahé gitlfnﬁ]? ‘f@éﬁlfplﬁﬁ’:(iﬂ% BERBLE Ghe thdr @RifiREal (1B HRPo-architecture)
consisting o , MR, Utrasound or conputer-based
andretfievrnl (extemihgeayetynenntour data pf dhe swdifiedc frages lare extracted to

wher ej n.t he .t wo- di nensi onal i es _arge stored in
reeppthuel RS e SR dd TSP eai ci ne (DI com
format. 6. The process of claiml1l, wherein in the step

of generating the internal structure, the
7. t woTbe Revstsoalainn@gkergindhe firee-fimensione wifagg model of the mould

is r%%fﬁ&g&tg%%%g%%{@@aﬁq riately selected bitmap

ates ean-operation, resulting in the
transferring of the grid pattern on the bitnap

te ate onto_the images, .and then the interpal
8. (m%spaweﬂ% 9@&?%%}, %ﬁare&{ﬁa EP SLcPSTHNRE Heokel of he mould
incARIBS exhtifdliR Qp dheIDEF fHeaHohTBAR TxPARIIS EHelaéatgf@Q ?fr‘] gle wall to a

reconstruct a three-di mensional surface nbdel ©
reqnived thicknessThe process of claim6, wherein the

t hr ee- di mrensi onal surface npdel of the nould is

reconstructed by surface patching technique. 8. The

9. Pr OTRS provbssCoodlanml 8, WhereRi i thh8tept EhO tredfne bAtdNEpt Afucture of
wal | of the mould includes creating the cup structure

thegnoylf eforsash sliged e seth @if Aigagandate gerekepss whereingid set és the cleaned
; | jcK . C l.aj '

9458304 00 BT M RLASERE A8 I Pty JOEE) U
portions according to predetermined thresholds without Boolean and the other set is the
Boolean images, and wherein no Boolean operation is done for the last slice image that is

the base of the cup.

10. A customized three-dimensional porous mould for casting a three-dimensional
porous scaffold for an object, wherein the customized three-dimensional porous mould
comprises a wall and an internal structure with internal pores and internal channels
connecting the internal pores, and wherein the customized three-dimensional porous mould

is designed by the process comprising the steps of:



the nould, for each slice, two sets of image data are
kept, wherein one set is the cleaned i mages fromthe

WG e@p/10f95pr e- process the two-di nensi onal i nageRCT/8G2008/000081
renove unwanted portions actérding to predeternined
t hreshol ds wi t hout Bool ean and the other set is the

BogleRidfls i HIREHS tendlstevuiflitien witer&nothe abitmpey a¢rnplates sare created

done for the |ast sli cgﬁiimage thaé Is the bgse of theth' the
accosdipg to Ghe Alesieast SHPSEAnS HDEDHPHOAL i BPIES P 2REF JVithin
moui(gr casting a three-di nensional porous scaffold for an

oBj ect, wherein the custom zed three-di nensi onal

popeparing twa dinoemsionsleimageswad the ahigctan i nt er nal

structure wth internal pores and internal :

c oﬁFFéBIiOP?Fé%%@VQ'H]E%‘?nﬁ’QPaIp‘B}aggs, st araFef ﬁgﬁ{b%'s Bocording to
pred%fé?ﬁlﬁféh%ﬁ@sﬁoﬁﬁs?e' di mensi onal porous nmould is designed

by t

e process conprising the steps of:creating bitmap
t ergpheratisg e fntemel stieir&iandt he bit maps tenpl ates are

created.accor di.n 0_the. desired shapes and di nensi ons
of @ﬂ%a%tégwfﬂé%éﬁeaﬁlﬁgﬁé within the noul d; preparing
t WehSLBYEMS icoft@hizedfiges-ditherishmabijreus mopkids desigreds t he

t wo- di mensi onal inages to renove unwanted portions
according to predeterm ned threshol ds; generating the

11 Iﬁgﬁ%%@ﬁ& bF gl}%ﬁ# p]@,; wﬁéfgingﬁ@ﬁﬁgﬁﬁérrlﬂ thdSitohap J_cenﬁﬂzllté.‘h@epends on the

ere € custom zed t hree-di nensi ona or ous

sizenafUihd scaffoldsfortieclobiedt, tRheesolutibul offthe teipdimensionsé impges of the
_the nupber. of the bitmap tenpl ates de ds, . i :
T T o T

thTHBR AR bhdrFBRSY 1 mbiig. obj ect, the slice
Oft%{@c%dg?s Sf t he two-di mensi onal images of the object,

and the conplexity of the internal pores and channels

of the moul d. .12. .The.np 0 | ai 0 Hhshel
12. 5¢ $‘eolf“03 ok FlA i}lzl)—t Sre%%qrrﬁ %? éé) ?ﬁgé}a#lggrrs nﬁg}pqags performs
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te bi'ﬁltergap tenpl ates. 13. The nould of claim 10, wherein
MPHESt wo- di mensi onal i mages are nedical inages

13.  The mould of claim 10, wherein the two-dimensional images are medical images
that are generated from a technique selected from the group consisting of CT, MRI,

Ultrasound or computer-based medical imaging systems.

14.  The mould of claim 10, wherein the two-dimensional images are stored in Digital

Imaging and Communications in Medicine (DICOM) format.

15.  The mould of claim 10, wherein in the step of generating the internal structure, the
two-dimensional images are firstly modified by intersecting them with appropriately
selected bitmap templates via Boolean operation, resulting in the transferring of the grid

pattern on the bitmap template onto the images, and then the internal (micro-architecture)



that are generated froma techni que selected fromthe
group consisting of CI, MR, Utrasound or
w@wpa1@se based nedi cal i magi ng systens. 14. TPET/862008/000081

of claim 10, wherein the tw di nensional inages are
stored in Digital Imging and Conmuni cations in

and év\\éﬁé?nﬁl 1N GMin k95 WBhtoud Fata TR thRDmbdifietl ielagesmarDextracted to

erel |n the step” of generating t i nt ernal

recorstoncto three-ditreasiondd saifereredsh af the ‘@}ﬁg are firstly
nodi fied by intersecting themw th appropriately
sel ected bitmap tenpl ates via Bool ean operati on,

16. ' ePRd totml bficliifiel 3, vitieséin thid fhgeeedlntehaogall suirfpegt medel ofithe mould
the bitmap tenpl ate ont t he i mages, and then the

is reqonstangted by suréace patchingett yand external (external
geonetry) contour data of the nodified imges are
extracted to reconstruct a three-di nmensional surface

17. noteé neduld b ol d0, Bereithéhenstgp cpfogengra@;inm the walhef élpen mould
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sl @i m 10 V\,herel n the step of generating the
requ%‘ﬂ co tie nmoul d i ncl udes creating the cup structure
of the nmoul d and expandi ng the edges of the wall to a
i red.thi The At %}‘thé/@ﬁfﬁfd%ture of
ﬁé“‘%’tki t t‘é ﬁ? %’r%lglgfnﬁlthgg tpﬂ%ﬂ%ﬁ%stlg%ct ure of
the &B@ld% esach ke, @\a@betsblfdmaghé data et ksz whqagle?mmea igthe cleaned
kept , erein one set is_the cl.eane s from
1ma&seiinoraf therste PH PESRIOCES hed™ar ‘#f@ﬁ%%ﬂ%’n "?ﬂ%ﬁi; ) 0 unwanted
fog0 Q¥ t i &BERI diriBbut Bodlad adrthe rd)ﬂdar set is the
porti"ﬁ‘? #@g% E?gd gﬁ&ilnean and the ot her set is
BooRan |11Qa,g\esl) aﬁge&ereamb Boeleen pperati@o il ¢ane f@pﬂﬁdﬁ*ﬁ@ﬁ"‘? §nage that is

done for the last slice inage that is the base of the
the bagp of the cup.




