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*159159" 1 *@00002* Nanofi ber construct and net hod of
preparing thereof Field of the invention The pr m ““l
invention relates to a nanofi ber construct and m ““‘Nm “\“‘“
of preparing the sanme. 5 Background of the inventi orisese

Different types of polymer fibers with nanonmeter scale
di aneter have been recently prepared by

el ectrospi nning method. As donpared to the

conventional polyner fibers with m croneter sHmmmmmmmmmmmn
nanofi bers have a high surface area-to 10 volunme .
rati o. Hence, el ectrospun nanofibers appear to have %

better pRaABEbl corstruee Al dethb i BrésRindWereof
appl i catTons, such as ti1ssue regeneration, biosensors,
_recoEnLtion_and filtration of viruses and drug
Fi inven i nteraction between nanofi ber scaffolds
and proliferation cells, |ike human osteobl asts,
C I :
Thg BBy PENRrERISs ERARTEEE coRF R Ed Mgtitd of preparing

thef spebi 1 ity of nanometer scale polyner fibers as
ti ssue scaffol ds have been studied. However, nanoneter
scal e dinension is not the only factor which

BaS@}?th%ﬁhéﬁNen%ﬁaChmm and growth. It is known
Steoblrasts cannot attach to hydrophobic
surfaces whereas endothelial <cells can attach to

Diffgrenbtypsis of pulyree fibero withj nanemetar sgale dingieters hpue been

s Rk BT BHIES A At BaA B entona
polyRfa e ivitth hiEidnetsF BhalaN AanbftErs dRiveda thigh surface area-to-
ol ycaprol act one and cal ci um car bonate nanofi bers

Vowt;ndw ratioC Hencealelectraspanbianafibegp appeat tp have bettgnpgtential in
. el i .
sedraf el REPIBEhS) sufff HRL 0GR REGhaPALAT BB ensors,

recognition and filtration of viruses and drug molecules.

The interaction between nanofiber scaffolds and proliferation cells, like human
osteoblasts, smooth muscle cells, mesenchymal stem cells and chondrocytes
have been investigated and the feasibility of nanometer scale polymer fibers as
tissue scaffolds have been studied. However, nanometer scale dimension is not
the only factor which encourages cell attachment and growth. It is known that
human osteoblasts cannot attach to hydrophobic surfaces whereas endothelial
cells can attach to hydrophobic surfaces.

Fujihara et al., Eight Japan International SAMPE Symposium and Exhibition,
2003, p.1213-6, disclosed the preparation of guided bone regeneration (GBR)
membranes fabricated by polycaprolactone and calcium carbonate nanofibers
with PLC to calcium carbonate 90:10 wt% ratio. They observed that calcium rich
membranes were preferred in vivo conditons as they enhance
osteoconductivity of bone defects. However, they also found that the tensile

property of these membranes decreased with the increase of amounts of
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25 osteoconductivity of bone defects. However, they
al so found that the tensile property of these
menbr anes decreased with the increase of anobunts of 2
cal cium carbonate particles. Accordingly, these
menbranes were not suitable for inplant uses as they
are nechanically not stable. Accordingly, although
prior art teaches el ectrosp#nning of pol yner
nanofi bers, there exists a need to fabricate stable
pol ymer conposite nanofi bers suitable as 5 scaffolds
for tissue engineering. In particular, there is a need
cal&n%fb&ﬂioﬁa'téfbbﬁimb Peeprdingly, thesefmbmbranes weramat suitable
with appropriate conpositjon and surface nodification
forfroplanp psee asithey pre mesbapicallynakelably i n which cel |
attachnment and growth are enhanced. Summary of the
. o h . .
ARl OB gt St Bachet Bl BSp AL B BBV nanofibers
the¢ﬁ eRists agueedrtoffabmate mta;ble tpoiyrmmbmnpmjte nangfiheis suitaple as
t he aid construct, A cor i ng t i rst ect . the
e Fi thave anomeasing, fieatisiBet (st Rrefl3F Effate iMBroved
A f
°°“ﬁ§5§"é SehoBfBifs, Tieftbranss witl appfiiaty Cohfodty o eurface
mosiwfidatloarfopappllmtmn inhtissienengineerng dn svhigh lcghattackment and
ciumsalt _ nanoparticle may be between the range of
QTQM Prﬁﬁ@?‘i‘ﬁc% wei ght percent; and - at |east a )

second nanofi ber conprising at |east a polyner and at
suhfiaty o thé hvetiphum sal t nanoparticle, wherein the

ratt o ol polymer to cal ciumsalt nanoparticle nay be

bet ween the range of 100: 0 and 70: 30 weig e
Theh pregent civention saddresses bibe RrePlems e’t’{boh’ﬁa;“ éeoﬁamcular

o308, 2 Fou e BN TRPorRETEoRRLUGNd oo oo

saidnébrish@cat | east second nanofiber may have a different
pol ynmer to calciumsalt 25 nanoparti cle ratio.

According to a particular ect, east
According toga first IOaspect the pre ent mve %on provall es 8 Cgcg]r%posne

nanofiber construct comprising:

- at least a first nanofiber comprising at least a polymer and at least a
calcium salt nanoparticle, wherein the ratio of polymer to calcium salt
nanoparticle may be between the range of 99:1 and 10:90 weight percent,
and

- at least a second nanofiber comprising at least a polymer and at least a
calcium salt nanoparticle, wherein the ratio of polymer to calcium salt

nanoparticle may be between the range of 100:0 and 70:30 weight percent.

The at least first nanofiber and the at least second nanofiber may have the
same polymer to calcium salt nanoparticle ratio, or the at least first nanofiber
and the at least second nanofiber may have a different polymer to calcium sait
nanoparticle ratio. According to a particular aspect, the at least second
nanofiber has a different polymer to calcium salt nanoparticle ratio from the at
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nanofi ber has a different polynmer to cal ciumsalt
nanoparticle ratio fromthe at 3 least first

nanofi ber. In particular, the at |east second

nanofi ber has a higher polymer to calciumsalt
nanoparticle ratio than the at |east first nanofi ber.
For exanple, the polynmer to calciumsalt nanoparticle
ratio of the at |east first3 nanofiber may be 75:25
and the polynmer to calciumsalt nanoparticle ratio of
the 5 at | east second nanofi ber may be 95:5, 99:1 or
100: 0. According to another particul ar aspect, the at

Ieals?ﬁl%rt ﬁdn‘bﬁbef‘amoﬁét@l@ﬁla@nﬂ\é BE Istist Iseabhd SRa@fier has a higher
nanofi ber have the sanme polynmer to cal ciumsalt

polyaes parcailcium sait ngnop@rftlc[g(@am than; the atp@p%gfsttr@noflber For

exaﬁﬁ‘l)l%eﬁﬁé ﬁé{&mﬁ?qgfgﬂgwﬁ [Iet?ﬁlé@oa S%IBEra?% 6P tf’l\@'&hfeast first
narf(dﬂbétr inv\bé 78e281ane théd polynierao saloiurd saJtG'nalwpahldie raticof the

nown as support nanof | ber. The support n
at legehisesend anafikes anay bac@e:5qi995T @ moag‘ﬁ EJJ ing 12 @nother
pa@ #g@g tsgﬁetggflé b Nesd! f%ffsf:ﬁccorb}‘? offﬂ@ ht I%%Pgééoﬁﬁ nanofiber

cium sal 0 anot her asp
havé¢he Wrﬂolmeoﬁo hmlcmiuesalhcnanopanrdes eatial Eou mxampﬂe the

Accordin th t, th di
PolyeY 40 CABIIT, SPTANCRATENG Ftlo M3y tiangs 28 WaiaRLBREent

different fromthe average di aneter of the at | east
Théeﬁ@Ee I PEP ti@'r Isb rkrRﬁﬁﬁ'é?sL“f@f'ictlohBﬁsé’d/ ﬁ‘faﬁ\ﬂﬁibér a‘lfﬁéeéecond

east |rst nanofi ber is smaller than the
namfdrelgs kdbwmea s suppott manafibér Jdte smpmtzl nanofiterymay cpmprise

capgy el psRarcilS o958 SsBRel e o Bh S, B frories
srrﬁﬁ”%'ohﬁfs %'thré&% ¥k dAdihn %QEOMCBQ{?WQ itoeanother aspect, the
ternati vel

_ . the at least first nanofiber rrayforma
suppors nasofibert natogonaprigepsalciumysalt.r st | ayer) and the
at | east second nanofi ber may form a second structure

pckhilng BEREPB BT gl 4G Bl 158 G g e

ma}t Bertheosamenas e digferdntuiedm the aveﬂ‘ageudjlameteheffthesat least
nanofi ber and second nanofi ber may, be |nte

semrrmnﬁ@lb?r Imepagticylat.uthe Ryprage 9'%9@{ rth?h%t Tedkt first
na@{:f;lb‘@rllg lli‘efnaﬁ\‘é‘%\/ér 6 d %ﬁetefr lof #He éﬁl@a§?§éﬁ&i’1d nanoflber

uctures are yYers to one aspect
construct

The construct of the invention may be a single structure (for example, a layer)
formed by the at least first nanofiber and the at least second nanofiber.
Alternatively, the at least first nanofiber may form a first structure (for example,
a first layer) and the at least second nanofiber may form a second structure (for
example, a second layer), and wherein the first and second structures may be
in contact with each other to form the construct. In particular, the first nanofiber
and second nanofiber may be intertwined.

Accordingly, the structure may be a layer, or the structure may be such that the
first and second structures are layers. According to one aspect, the construct
according to the invention comprises at least a layer comprising functionalised
(first) nanofiber(s) supported by at least a support layer comprising support
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according to the invention conprises at |east a |ayer
conprising functionalised (first) nanofiber(s)
supported by at |east a support |ayer conprising
support 4 (second) nanofiber(s). According to another
aspect, the functionalised nanofiber(s) and support
nanofi ber(s) are conbined to forma single |ayer. For
exanpl e, the functional i sed4nanofi ber(s) and support
nanofi ber(s) are deposited sinmultaneously to form an
intertw ned | ayer. The construct according to the 5
i nvention may conprise nore than one of said | ayer.

(se'Ebﬁd)WaﬁQﬁoﬁwr(sa) Asobirdig 16 xanothes) aspectst thet fuictionalised
lant, kit and nmet hod accordi ng to the invention
i

nag ihar(s)@nd seppast nanofiben(yaare earabipedytadorm a single layer. For

ex%ﬁﬁ&ngrbé]ﬁ%ﬁ&tlgﬂamé%ﬁég @oerrgsg q’ﬁ p&ﬁtﬁqﬁ%{@%ﬁ%& F?—J‘aeposued
sintitaneously! tr ferth ferroﬁntéhwwwdomecoffhestmmruw alfcordmg to the

pol ycapr ol act one, poI e QXIde pol y-L-lactic
'nVQBF'QF‘ "%aﬂ SIPPESS MeS Pé Ktlayek) |

pol y(L-1actide), polydloxanone chitin, collagen

Thé f‘sféf'ﬁé?g‘d’% %ol\géf?ft MxtliR(S), Oéor%tﬂﬁf(s 'nﬁﬁlﬁnt kit and method

gl ut euci ne) actic-gl ycol i de acid,
acq:m'dy'(q_ tbathe cmuemtmbm aqmnpmamrtge usepoofyrair lesasdl on@nplelymer

ARt S BUAITS bl  lod E SHAT oy o
bldé%QSFHd%?é &Ebyméroﬂ'ﬁéfﬁolymélt M%Wb%) seléé’t@&tffdr‘ﬁttlﬁébroup consisting

In"p ant, it and net hod accor |ngtothe|nvent|on
of: cooiycapmiamtnaeus@lmthulenee@meongolgvsu-lacum aaid; . polygyycohde

oo SESARE oLl PTFONE, S8 e SHREr i

native/ 5t 8 crobdlinkelds puij(glatdmierso-leacike) esdipdadticoglyedliRle acid,

roup consisti Psﬁa : cal cium carbonate, cal cium
poly(ii{acdice  acidicapiriaginaebheerolymep o and d rileRds atGopslyners  and

crRGhbEY ek I RS IATE e 6 SR BORS

m xture thereof may be used The construct may further

TheORBhbfsergHe dfvért! hiixturdl(s), cebhstrudis), banprIneC kit dand r @@thod
the group consisting of osteobl asts, endotheli al
aceending teribet Iventien caraprises thedisacel dhileasteanecfalgium salt.

BRI et I S GRHT 6RO P ol B ST o8y be
uséd én thepresent ankentiohsThe calcmm salt may be selected from the group
consisting of: calcium carbonate, calcium sulphate, calcium phosphate or
hydroxyapatite. In particular, the calcium salt is calcium carbonate. However,

more than one type of calcium salt or a mixture thereof may be used.

The construct may further comprise seeded cells. The cells may be selected
from the group consisting of osteoblasts, endothelial cells, smooth muscle cells,
mesenchymal stem cells, embryonic stem cells, chondroblasts, fibrocytes,
fibroblasts and chondrocytes. In particular, the cells are human osteoblasts.

According to a further aspect, the construct is an implant or a scaffold.



10

15

20

25

According to a further aspect, the construct is an
inplant or a scaffold. 5 The present invention al so
relates to the functionalization of nanofibers to make
it suitable for use as tissue scaffolds and ot her
applications in tissue engineering. Therefore,
according to another further aspect, the construct may
be surface functionalized. ¥or exanple, the construct
may be surface 5 functionalized by polyner grafting
and/ or plasma treatnment. The construct may al so be
surface functionalized by di ppi ng and washi ng the

Thé gl‘bﬁén‘t' tivenfioh Qiléa! FRlafesdb aké fenctidnalization dfnanofibers to make

rticular, the construct is surface functionalized by
it wlm foreuseeas. tissuoraffilds and ptheseappliGationsi &n tissue

eS8 Ul b B0 A LA ndonstuct may

be CQﬁﬁéééJCﬁﬁ‘rctlbrﬁﬁlliédVerr ogx@NpR)CHfe cedristaict anlayere asulface
proliferation and by creating a suitable cogstruct the
functienalizedby polymejtgraing: ard/ecrlasma: treatipenle The construct may

s 8, 25 By S o Vg 08 ey o
hydroxidebsbledibhndn npaiculaer she J@rtstmt:abd; esurfaceufunciionalized by
scaffold for osteoblasts. This invention discloses
plaggantsertmants abri cati on and/ or surface nodification of
bi odegradabl e and/ or bi oabsorbabl e polyner conposite
Ac?ﬁ’&ﬂ"fq )ﬁ%é prjegeﬁtafntv AtioRalsd EFbv‘i‘dféksflerFa‘brléﬁﬁ&ﬁ #héteol and/or
vent'li on nay ave at ast the foll ow ng
sufdecy awidifidativh of co(m)osutbmamﬂbescmmsirucxts Theoinpestiereenhances
nanof i bers can bef oredcs:g:rthe rolifer tlona

ol atRoRmaRt 80 2BIollaTRLS: AN b8 ‘=, FtpR"RBetruct tne
md[?ﬁ‘éh%%'l stk Bt"h"@\efﬁé ESnsgtsbt @aﬁcﬂ@g})ﬁﬁi priaié|p Ralldre@toanBet the

uste I ndependent|y by el ectrospi nning, surface
intémnchexd uselal ization and the addition of filler particles

or nanoparticles such as calciumsalt nanoparticles.

Accordi.ngly..th ' ' . Ofe: .
TR EBSEH L B ol BB RS Aol aifing nanofiers
suRGIe ol fse &S s%aﬁoﬁﬁm@stéﬁbléétg Tihig émiertion diseloses hethods of

conprising the steps o

fabrication and/or surface modification of biodegradable and/or bioabsorbable

polymer composite nanofibers. In particular, the construct according to the
invention may have at least the following characteristics: (a) the composition of
composite nanofibers can be tailored to the proliferation and attachment of
different cell types; and (b) the mechanical properties and biochemical
properties can be adjusted independently by electrospinning, surface
functionalization and the addition of filler particles or nanoparticles such as
calcium salt nanoparticles.

Accordingly, there is also provided a method of preparing the composite
nanofiber construct according to any aspect of the invention, the method

comprising the steps of:
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6 - preparing at least a first nanofi ber conprising at
| east a polyner and at |east a calciumsalt
nanoparticle, wherein the ratio of polymer to cal cium
salt nanoparticle is between the range of 99:1 and
10: 90 wei ght percent; - preparing at |l east a second
nanofi ber conprising at least a polyner and at 5

| east a cal ciumsalt nanopafticle, wherein the ratio
of polynmer to calciumsalt nanoparticle is between the
range of 100: 0 and 70: 30 wei ght percent; and -
preparlng a conposite nanofiber construct by

?ﬁﬁnh@@ttlééstfaffﬁét ﬁﬁﬁ@ﬁbd?&fommlélhg tdtdeaﬂcagiblymer and at
nano ber first nanofi ber, nmay [ epare

derstycaleiumgalt naneRaRiclewhareinithe aatup BEBbIyMeS ta calc'um salt

FRnbPaHiL(S tRAGRA haTpadE B 00 1ord YR AbhoRREE

and the second nanofi ber may be prepared by addlng at

l-gaparing at [Bastrasstcontdmamiofibensdmarisingvatrieastral pniymergand at
the resulted mxture with the at | east se&ond

Uoastiaorlgium 36 HABORBILI MIRSIn.Ihg ratd b POURGATJD Caldum salt
g@ﬁ%hﬁﬁe eltg)e%ﬂ e rBhGof ¢80 Va9 39 wa.g @g@t@ﬂt; and

( {0 a sol vent obtaln a second
m xture. In the I_atter case, no caI ciumsalt is added
-optdparmg)a cmmpom oadofibgryconstrechipy tentasting tre first nanofiber

on |sethe step of preparing a first
tﬁgﬁ? sﬁF% @ng a second sol vent mixture. The
soI vent of first and second sol vent m xtures may be

Thaﬁrtrmm{oﬁb@d/n%y B8 lppépdretiBy sddieg atlédstal calcidm salt to at least
solvents may al’so be used. Accord| ng to a particul ar

a aelpent antdhmwngl thes treseiing dmiduisr Witk theysata least 1firsk polymer

oY R EREFL TGRS AR ot g P e by

ad&fﬁ@oﬁﬂ lexi o idafdiuasalt thi athieaspal yoteentt and ahiingntisalresulted
nanoparticle ratio than the at |[east first nanofi

miKioFe e at 8RBt Secona:paNmel ObIBNard S5Eend Solvent iture.
\
OB o Ao Bl sbdnesaeioNi o

solveht fo obtaima sticondastlivers anintlre ainothieHatter case,bw ¢aloiun salt is
Accor di n%tmo anot her particul ar aspect, the at | east

added do thaAixtupRr

Accordingly, the method of the invention may comprise the step of preparing a
first solvent mixture and a second solvent mixture. The solvent of first and
second solvent mixtures may be methanol and/or chioroform. Other suitable
solvents may also be used.

According to a particular aspect, the at least second nanofiber has a different
polymer to calcium salt nanoparticle ratio from the at least first nanofiber. In
particular, the at least second nanofiber has a higher polymer to calcium salt
nanoparticle ratio than the at least first nanofiber. For example, the polymer to
calcium salt nanoparticle ratio of the at least first nanofiber may be 75:25 and
the polymer to calcium salt nanoparticle ratio of the at least second nanofiber
may be 100:0. According to another particular aspect, the at least first nanofiber
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7 and the at | east second nanofi ber have the sane
polynmer to calciumsalt nanoparticle ratio. For
exanpl e, the polymer to calciumsalt nanoparticle
ratio nmay be 75:25 weight percent. In particular, the
ratio of polymer to calciumsalt nanoparticle of the
first nanofiber is 75:25 weight percent. In
particular, the ratio 5 of Ppolyner to cal cium salt
nanoparticle of the second nanofiber is 95:5 weight
percent. Even nore in particular, the ratio of polyner
to calciumsalt nanoparticle of the second nanofi ber

and %héoé’t Radeisglebnaensssfiber v dhe gsante pulyrner taswlcnUm salt
first solvent m xture may be provi ded to form

namlparmletratlw Eor ﬁaamleaetheamdvmﬁé te calgiyms3a R,eareopartlcle ratio

ol 155 Y B . B A BePs caciom s
nafdfRiridle ofithentitstmamiofibbeisal 5.2 Baadiglit pesrcentarlnmpanmularwﬁ;e ratio

be the sane as or diff th d
of BAIYERE 13 aIcAG Salk BBHBRIAIRoP! (16r SORanch ARRTRHTdb Ut aveigh
pergefit 2 eﬂ MG in © @ahfb%la?t t'h%afrétlé'6§tpolm69ftob€tfal¢|§m salt
e€r than the average di aneter of the at |east

nanGsarticlerufitioé isbeond handfiserfis 190:Gweightperdertur e and
second solvent m xture may be prow ded sinultaneously

Acuding Senpther asnert dhe st Thidtie Y b Brodlded to form
the’“af %fagﬁﬂs\f%)hoﬁbeﬁ aEHrtﬁE stRbH8 HolVEnt rhikeuraag ©eopvided to

vent m xture may be provided sequentially one after
foremthehatrleastctecondtnanodibet. | east first nanofi ber and

the at | east second nanofi ber are separate from each

Acgg é@r}ng%gpQ/tﬁﬁf %m&é&u kl?er ﬁaéljggefdlérrﬁ%beﬁgifgﬁ?tat Eafé& ﬁfﬁ n%'ﬁ@fiber
madyeB&tthki §athenad Wri &ﬁErérﬁCfrdirheth@t alerage diaowster of the at least
nanofi ber respectively. The nethod, of theﬂénvent

se(my:i fnanofiger. Cmrmarg@ulahetbg averages diameter; ak the at feast first
raf B4 Sl s ST i aeRASEL o ot

cells, snooth nuscl e cells, nmesenchymal stem cells,
Th@nbirsftorisem emixtatd &anctlmmbndblsamesut mmumcyne;s be provided

snréélﬂée%% = al@hﬂ ggﬂ’gg ?géqg first nan rI gr% the éthlgast second
nanofiber are mtertwmed. Alternatively, the first solvent mixture and second
solvent mixture may be provided sequentially one after another such that the at
least first nanofiber and the at least second nanofiber are separate from each
other. In particular, the first solvent mixture and second solvent mixture may be
provided to form the at least first nanofiber and the at least second nanofiber

respectively.

The method of the invention may further comprise the step of seeding the
construct with cells. The cells may be selected from the group consisting of
osteoblasts, endothelial cells, smooth muscle cells, mesenchymal stem cells,
embryonic stem cells, chondroblasts, fibrocytes, fibroblasts and chondrocytes.
In particular, the cells are human osteoblasts.
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8 The nethod of the invention may further conprise the
step of surface functionalizing the construct. The
step of surface functionalising may conprise polymer
grafting and/or plasma treatnment. The step of surface
functionalizing may also conprise dipping and washi ng
the construct in sodium hydroxide 5 solution. In
particular, the step of surBace functionalising
conprises plasma treatnent of the construct. O her
known net hods of surface functionalization suitable
for the purposes of the present invention are also

ThéNRRIMSS S6T the  inventisr® Nl U irtiisrd comprieehtte adtep hef surface
present invention. Therefore, a fabrication nethod

fungtionalizing, theseenstounts Thetstem obsufaes fenctiopglisipgrpay cemprise

ool A8 BB B0 M bR e sy S runctonaa

mafyoﬁtB_bi ie‘érﬁﬁrifdﬁ |dippi_ngaat|<F Qh@fhi the acorstiuct Umsmdi%m hydroxide
particles, the principle, of electrospinning nethod and
solptien.c mipayticylar, thassigp of S4TAER UGBS comprises Plasma
P c c [ [ hRr n i irati
eI e et £ TARRE KnBWRERBAR of Sface Rufutionalization
suitdise forompi putposes obthe present ihvebtigre arehisoaerafonheassed by the

ei ther simultaneoys or sequentially in layers. In
COFB?AEJCt@69{%@?®°ﬁ|aqt#ékék9é?s%§ﬂ%‘feﬁﬁ'8{‘; the diameter and
conposition of one type of nanofiber nmay be adj usted

TheRfofet! b, %E@Qﬁlnt%ﬁﬁgdg%‘w& Wiirfa@e! *hgocgfgcr?éﬂﬂrﬁfof ptymer

conposi tion e r may be adjuste
compobitei canofiterengnstruat(s) isnerordded.y gheoimetbegospmprises the

prefipratiom of ppBae aShtion sErHrETE fleBerERE QRN b8 Ratium sat
paﬁk‘f&?ﬁﬁénbriﬁé\ lePof! d1EFGEPiMIng OMmettfdte @indi prefefdble air-plasma

cell "types. her aspects, features and advantages of
treatment ty eentiancewthe hyecophilicifypaf cempasitenhpapotiber constructs.

rdi nary skill | h t ' :
Adgeani naiotiers SobeFnE s Eed: o Blechiesb fing, fwo or more
pes! of Warfotibers nsithepasinuttadeoasly eddeduentiallye isdbayerst In the
m xture to result in conposite nanofibers 25 to

composite enansifiberrconstrehithe i diameten and fonyaqsiéa géione type of
nafHR]- o, 1o 6P BE, BTN BB, i spciameter
andatempositioht of the wAhéri eias benbdjusted fore mechanical strength. In
angfc’r}e(?%gg g? gélin\[{)gsﬁ)er %g%}igeroéonstruct, the diameter and composition of
each type of nanofiber is selected for cell attachment and proliferation for
specific desired cell types. Other aspects, features and advantages of the
invention will become apparent to those of ordinary skill in the art upon review
of the description of specific embodiments of the invention. Calcium salt
nanoparticles are added to the solvent mixture to result in composite nanofibers
to enhance cell attachment, in particular osteoblast attachment. Such
composite nanofibers are suitable for use as bone graft substitutes. The
addition of calcium salt nanoparticles enhances the osteoconductive property of
the nanofibers. Furthermore, human osteoblasts prefer a calcium rich

environment. Composite nanofibers embedded with calcium phosphate can
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the nanofi bers. ‘Furthernore, human osteobl asts prefer
a calciumrich environnent. Conposite nanofibers
enbedded with cal ci um phosphate can 9 enhance cel
attachnment and growt h. Besi des nanoneter scale fiber
constructs, functionalization (surface nodification)
of nanofibers is of paranount inportance to pronote
better cell fiber interacti®n. There is al so provided
a kit conprising the construct of the present

invention. In 5 particular, the kit conprises: - at

| east a first nanofiber conprising at |east a pol yner

r?éfﬁ:eaéelll rRentGH g reth 2BésiBas ABRbIetéescald fibei corstructs,
1o of polymer to Calciumsalt nangparticle is

funbbmwdzatlone (surfaee omadificationy ©f: JRNRS grR Eer@fenparamount
l I
o e BePREEO B, £ 70 0 oo

nanoparticle, wherein the ratio of polymer to cal cium

Thé@ i5 alsprivaddd &kt Gcﬁ‘n;hmm%d're tovestruot o the pred@ne invedtion. In
30 wel ght percent. The kit according to the

pantnnu@n,tm@mtreqmpmq%er conprise instructions for use(s)

and/ or applicati on(s) of the construct, scaffold

an I i

o094 qdtW 5 rBRERE, BirbRohioat IOHETS pymALaRbet leas a
re@laium rgalf hanbpartidle; owhereir ghentato) of rpqiymabj toccalcium salt

conpri Si n .the step,of surgl

CBARQRATtiE p b@H@e?ﬁ SerRIcHt Jﬂ’éﬁf’%@ rﬂe%e“t’ and

i nvention al so provi des a net hod of fabri cating

CogPRakt 8 sdtdnal hdfifbe? Voripristis at %aéﬂ@g@?nﬁérw at least a
engi neering scaffold and/ or bone void 2 illers

caigiuims isal naroparticiew whereine she eatiod Pk Ralyngg to calcium salt

e e P bl P T b

agitating until the polyner is conpletely dissolved;

The) kli B8cdrafig toafie ﬁ’ﬁrbhﬂ@m &) firter compriseninsgructibns fon use(s)
salt particles of is 25 di spensed through one

andtnf@np!ncamls(smér&h@rs@natru%lséamg Rder gnglan according to the
invention.

The present invention further provides a method of repairing fractured bone
segment(s) in a subject, comprising the step of surgically implanting the

construct of the present invention.

The present invention also provides a method of fabricating composite
nanofibers constructs for use as tissue engineering scaffold and/or bone void

fillers comprising the following steps:
a) dispersing particles of calcium salt in a solvent;

b) adding a polymer to the resultant mixture from (a) and agitating until the
polymer is completely dissolved;

c) the resultant polymer solution containing calcium salt particles of (b) is
dispensed through one or more outlets from one or more dispensers at a
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10 predeterm ned rate under controlled humdity and at
a predeterm ned height separating the said discharge
outlets froma collector plate; d) a voltage is
appl i ed between the | owest point of the dispenser and
a collector plate; 5 whereby application of voltage
draws the resultant mxture (c) into fine elongations
and with sinultaneous evapd@ation of the sol vent
resulting in the deposition of conposite nanofibers
on the collector plate. The nmethod further includes
drying of the said conposite nanofi ber constructs

suf S eabfitninéd ratd uhBer Lehuenéd Hunsiditp eindt @t al peedetermined
sol'vent 1s a mxture of chloroform 10 and net hanol .

Furheight seprasating theesaiddischeargepytietsdmare aepligptor plates

pol ymer nmay be selected froml actone, polyethylene

i d | vz - ' ' I v- . | ¥ i
o Sl o 2bB4a Beibeh JREIGGRCHA FHERiggenet dha o
Fur ¢diRctortgigtesai d cal ciumsalt is any suitable
conbi nation of one or nobore calciumsalt selected from

the foll gw ng: | cj b : l.Ci | phate,. 15 ..
WheERRY: @PPIFRISHN-ile VBte0R GBFadhe | FSUeRE MiBate) dnts fine
eloﬂéaﬁd’@“{ 'aHW With Fsihﬁltarlk?é‘éd@fé{?aﬁor%ﬂbﬁr&? th80SbIvent resulting in the
rges I'mensi on. The said solvent nay vary in

deposithors of compbsitemanofieerglon thercolactoc plateof orm and 5
wei ght percent nethanol to 5 weight percent chloroform

Tha methasr et inddiemghitd of e seid PaPBEte, Ban S ifisyucts
sufﬁEiethorséli fheSSBIVéntito eU%?of@té.STﬁé sBR/ent &PA Phikture tF chitdroform
vary trom 1 weight pe

g percent to 40 wei gtt)wt percent. The
andineethasol. Furthare the pplvinseraisya digaksonkableinalyse bhe polymer

may s seiepied oB Gciine! PRtV PLHE! pilk ATRcRE o #oh-taotic-
glySBlidd86id e ssly §0-lacticcadiyl Paskprolactomed dbpolyfirer.

hypodermi ¢ needl e may be a 25 #27 gauge. The net hod
may further conprise a dispenser contr

s . [ler fo
Fudtber,r the saig calsiumspalhds rAYosuitakle e%mgtrﬁlpnnpimee%fmfe
te ) ' i t e )
ca[?:gm? sgih s%g&%gff”?@ftﬂge@ﬂﬂvg[@: SalBiimGarB6h4&E RafkivmBulphate,
calcium phosphate or hydroxyapatite. The nanoparticles of calcium salt is
between 5 nm and 1000 nm in its largest dimension.

The said solvent may vary in composition from 95 weight percent chloroform
and 5 weight percent methanol to 5 weight percent chloroform and 95 weight
percent methanol. The mass of calcium salt nanoparticle may vary from 1g to
50 g per 100g of the said solvent. The mass of polycaprolactone may vary from
1 weight percent to 40 weight percent.

The dispenser in step (c) is any container with one or more outlets and wherein
the outlet diameter ranges from 0.05 to 0.9 mm. In particular, the dispenser is a
syringe connected to a hypodermic needle. The hypodermic needle may be a
#27 gauge. The method may further comprise a dispenser controller for
controlling the dispensing of the resultant mixture of step (b). The dispensing
rate may be between 0.1ml to 10ml per outlet per hour.
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11 The predeterm ned hei ght separating the discharge
outlets fromthe collector plate may vary from1l mm
to 1 meter. There may be multipl e di spensers
connecting to one or nore outlets. Further, each

di spenser may di spense different formulations of the
m xture fromstep (b). In particular, one or nore 5
di spenser di spenses bi oabsottbabl e pol yner wit hout
calciumsalt. The nethod may further include the step
of air plasma treatnent of the conposite nanofi bers.
The nmet hod conprises the step of storing the conposite

Thégteliétepiindd haiyht depardting thendisehalge builétsr feavlythieocollector
use. 10 Brief description of the figures Figure 1 (a

plattaney avary| &0m cWpMite nimafRsarthers Braypbey mftiple dispensers
co%&‘ﬁbhﬁ&é%&# éFerﬂpfe o(?ﬁlgps(?nﬁﬁhé}n%#w H%%eg%%%ﬁe% Jispense

ctrospl NNl Ng apparatus o
diffesegrstf fobeukations hoft the milktaee frear stegn¢b)oun | petriculagy driegor enore

.2 shows a two-|l.ayer structyre of .conposite nanofi ber
dispensendispensasRipabsorbablsspelimep bkl FRlEmEAR. of
conposi te nanofi ber constructs. Figure 4 shows SEM

Thésﬁ%ﬂ%d‘%ﬁgﬁfgj 8P iNbriRS P e BTt QGFBIQB&aOftre(ad%(egg of the

conposite I ber construct conprising PCL an .
compopite nanofibenso ¥ he enethadcdanmprisesctherates iofi gtarlg the composite

. .20 Figure 5 .shows EDX (Ener Di sperse X-ray)
nafialRAadt apuedy® SoRpBE I T Rsae) fattetnorr uct
conprising PCL and (b) conposite nanofibers conpri sing
PCL / CaCB (PCL : CaCO3 = 25 : 75). Figure 6 shows
ost eobl ast attachnment manner on conposite nanofi ber
scaffolds. 12 Figure 7 shows SEM phot ographs of PCL
Brighdescription afthe figtirgsn) pCL 5 wei ght percent sol ution
and (B) PCL 7.5 wei ght percent solution. Figure 8

F@E%‘ﬁ?(ﬁi%&%?@l@@%%i%ina%pm JtPIRrhEERnofibers with one

dispenser and outlet.

Figure 1 (b) shows an electrospinning apparatus of polymer nanofibers with two
dispensers and outlets.

Figure 2 shows a two-layer structure of composite nanofiber construct.
Figure 3 shows air-plasma treatment of composite nanofiber constructs.

Figure 4 shows SEM (Scanning Electron Microscope) photographs of (a)
composite nanofiber construct comprising PCL and (b) composite composite
nanofibers comprising PCL / CaCO3.

Figure 5 shows EDX (Energy Disperse X-ray) mapping of (a) composite
nanofiber construct comprising PCL and (b) composite nanofibers comprising
PCL / CaCO; (PCL : CaCO; = 25 : 75).

Figure 6 shows osteoblast attachment manner on composite nanofiber
scaffolds.
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= 25:75) made of (A) PCL 3 weight percent solution and

(B) PCL 5 weight 5 percent solution. Figure 9 shows

t he absorbance intensity at 490 nm of TCPS and the

construct against seeding tinme. Figure 10 shows

ost eobl ast attachnment manner on the construct. Figure

11 shows a two-layer structure of the construct to

avoid rupture during 10 cdRl seeding procedure. Two

di fferent conposite nanofibers (i.e. GBR nenbrane (A)

PCL: CaCO3 = 75:25 and GBR nenbrane (B) PCL: CaCO3 =

25:75) were prepared for osteobl ast seeding. Figure 12
Fig?RfW%hbW% SENSphGtogphesofRCRInanofibers madeali¢h) PEL 5 weight

B). Visible rupture_ was not recognized at 200%
perepptsalutiors andi(B) POL. BEweigbtpersept $QUIeM of t he

i nvention The whol e contents of any bi bliographic
. r : N
rohfL§ 455 BEMIBALRrasobeOHIGoDl refBfBENTOL POl caCO:
= 25:75) derier of (APPRCL 3 walightapericeht solubiost and t(B) PCL 5 weight

conprising: at least a first nanofiber conprising at
pencentsolltion yner and cal cium salt nanoparticle,

wherein the ratio of polynmer to cal ciumsalt

?é‘@p?{JWsclr% bBsorB8h¥E fiteh§iy 4B49E ned oP TCPS1aAd the Yonstruct

I ght percent; and at |east” a second nanofi ber

agaiosipseedimg tinte. | east a pol ynmer and cal cium 25 salt

nanoparticle, wherein the ratio of polyner to cal cium

. sal nanopartigcle, | :0 and
Fighe 30 e cotpep aihefadihsfitiiahfir of B ettt 2

skilled person that the at |east first nanofiber and
Fiduré 1at showa tvice straistifre frtharcondtratt toyaveidatipture during

romeach other. For exanple, the at . least first .
celhasesdingr RIRCEAUTE. ol WoeAUTerBt o FEMASSIE BéPOﬁla%/Sha({/%- GBR
differe VS angd. e | i b ¢ =
i, BRLGREED 27428 RERBR mfitidnt B pcevaco;
25i75f)|Wéﬂ‘@,prbpéreideoﬂobtddbta'stséeding. pol yner to cal ci um
sal't

Figure 12 shows the tensile stress-strain curve of nanofiber (B). Visible rupture
was not recognized at 200% apparent strain.

Detailed description of the invention

The whole contents of any bibliographic reference is herein incorporated by

reference.

According to a first aspect, the present invention provides a composite
nanofiber construct comprising:

- at least a first nanofiber comprising at least a polymer and calcium salt
nanoparticle, wherein the ratio of polymer to calcium salt nanoparticle is
between the range of 99:1 and 10:90 weight percent; and

- at least a second nanofiber comprising at least a polymer and calcium
salt nanoparticle, wherein the ratio of polymer to calcium salt
nanoparticle is between the range of 100:0 and 70:30 weight percent.
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nanoparticle ratio, dianeter, surface
functionalization treatnent and treatnent to adapt
the nanofiber to a particular function. Nanofibers my
conprise fibers ranging in dianeter from approximtely
1 nanoneter (nm (10"9 neters) to approxi mately 10000
nm In particular, the 10 fibers range in dianeter
from 10 nmto 10000 nm préferably from 200 nmto

1500 nm According to a particul ar aspect, the average
di aneter of the section(s) of the at |east first
nanofi ber may be the sane as or different fromthe

It valY Bea@idéehtorea akilled péraensthat thenésleast fitsimaniofibensand the at
second nanofiber. In particular, the avera

leagt sgrangrnasTofibes ase distiaguishable: fremrRachyether. ?@r%awe the at

f
s Hip MR RIS Yot solils papbfoet i e itoren
phwibala\aad&g'e chiemnieaer characieeistidd dihe mwslaah amdfaor chemlcal

nactedistn| fiavs e, oBufe Aol BeH. POk T cealgum  satt
na rﬁ@i@@@rrahﬁ ﬁE?Héteg,oilgﬁh aér;‘ﬂg{rfi:tlbﬁalﬁ?z%rt’bh%étfnerﬁChrfmtreatment

|'east "secon I ber preferably has an
to adaptdbe ndnefibeércto dpartieatar fonetios. 1000 nm  nore
preferably between 20 and 500 nm and even nor e
100 to 400 nm rI Leylar t he avera

NaBpfhereamays cARESBbetsnTanaing i a0pnietef o "SfeKifel 1

naf{&ﬁefét qn?n)0t1 PO InyaRrs)t & agbfdm@w 100000MA! th GhAticilar, the
he east first nanofi be between 99:1 to

fubeJB raogeso diameter2fiomn10 7en 28 1090PRME preferatlly fipgm@0Ponm to
15@? 0:40 and 40:60 or 50:50. In particular, the ratio
lymer to calciumsalt nanoparticle of the first
nanofi ber is 70: 30 wei ght percent. Mdre in particular,

Actbiding & & partfculr aspect,tthe eaémgermaaiatemrthpaebtloh(s) of the at
the first _nanofiber is 75:25. 14 The ratig of po
leasb fiestinenafibeamayrhe Bisasame) as o diffgeentifrana dag ay @&éﬁameter

f | . . . 3 ) . 0
of 338 3bGsTEH 182§ Betddy herbl M paltichidrthe average
diapeeter of ltive Iat idust fingt warddfibesliy saalieo tharl theuaverige diameter of
nanopartl cle o ond an fiber is.95: 5
thepaf denit saaone nangikar, dheast IKA%E sk hendioat sfgAd bes an
av%?g%' d’iHh%@%rt bORRIA] b 1630 hﬁ? MEFPPrefEAIMY bERVedr$20 and
500 nm, and even more preferably, 25 to 100 nm. In particular, the average
diameter is about 50 nm, more in particular, 50 nm. The at least second
nanofiber preferably has an average diameter between 10 and 1000 nm, more
preferably between 20 and 500 nm, and even more preferably, 100 to 400 nm.

In particular, the average diameter is about 300 nm, more in particular 300 nm.

The ratio of polymer to calcium salt nanoparticle of the at least first nanofiber
may be between 99:1 to 10:90, 80:20 to 20:80, 75:25 to 25:75, 70:30 to 30:70,
60:40 and 40:60 or 50:50. In particular, the ratio of polymer to calcium salt
nanoparticle of the first nanofiber is 70:30 weight percent. More in particular, the
ratio of polymer to calcium salt nanoparticle of the first nanofiber is 75:25.
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percent. According to a particular aspect, the at

| east second nanofiber has a different polyner to

cal cium salt nanoparticle ratio fromthe at | east
first nanofiber. In particular, the at |east second
nanofi ber has a hi gher polyner to calciumsalt 10
nanoparticle ratio than the at |east first nanofi ber.
For exanple, the polynmer tol4 cal ciumsalt nanoparticle
ratio of the at |east first nanofiber may be 75:25

wei ght percent and the polyner to cal cium salt
nanoparticle ratio of the at |east second nanofi ber

Tha®atiBe of FbIPmeri BhcaRAIResalt Miopafidld 6/ tie cithfsast second
partll cu gébggpect the at |east first nanofiber and

nanofibestmay s bebreeni 199010 78):30,a0%:5t ta 89:26 9010 JPyBEAS or

o5\ ALY TSRO 6 o b B SR fapdBince o

the’ 8e@dndvpiagibfibée fsc 0615 vde’grnapéncent avord lire m'tlétdalstthe ratio of
first nanofi ber and the_ at st second n nofl be 8
polymer dangalgiyny galt nanaparticle af stgﬁtsq%’nepm ek is a{qoo weight
peﬁghgt _he average di aneter of the at |east f| rst
nofi ber and the at | east second nanofi ber are
different. For 20 exanple, the ratio of polyner to
Accadingito aapdrtioalap@speck; itke iat ledst seicohdawnadfibes haaral different

RS SIS o 308 8 A R .
pam&u H?af"Ye‘%fs"l‘%%c%&'Wérﬁfflbgf gtagea ﬁﬁqe i IYmEF?@'&‘almum salt

nanofi ber I s approxi nate east second
nanepmtucleenanopthan|tUeatnea$tafnstaanewaFor exampie, the polymer to

caloR salt fraopbadicia tafirorshi 3t iR Frst DeBPRbEL oy be 7528 weight

pefb%rr\@faha he 'T%Wnﬁ@rrt@ S€lunsédItfanGaricietrbfio af tﬁ@éﬁ feast second
first nanofiber may forma first structure and the at

nahefiber mayéb@ntpmamlgbbpermpt fAncerding ée @netmrrmtl@mer aspect,

o 3 AT ARG o 8 AR AN 1 samo
polji uct?ﬂc@ﬁﬁsﬁ?ﬁﬁﬁ@pélﬁﬁl@f ﬂgF@[ I;gﬁgﬁkﬁgldlu';tgé %"“ﬁﬂ %)Iiaﬁcmm

a
salt nanopagicle |Fa§ID raayl besyeﬁsaﬁw%ghtlﬂﬁr%@s are separate
| ayers. According to one aspect, the construct 5

in @g@p&pﬂgpﬁw fe'%%t 'lek‘f%HOﬁBeFQH@rtl‘\é &% Idst 's88Shd Hahd¥Bér have

unctr onal
the same polymer to calcium salt nanoparticle ratio, but the average diameter of

the at least first nanofiber and the at least second nanofiber are different. For
example, the ratio of polymer to calcium salt nanoparticle in the at least first and
second naofibers is 75:25, and the average diameter of the at least first
nanofiber is approximately 50 nm while the average diameter of the at least
second nanofiber is approximately 300 nm. The at least second nanofiber
provides mechanical support to the construct by virtue of its larger diameter.

The at least first nanofiber and the at least second nanofiber may form one
structure or the at least first nanofiber may form a first structure and the at least
second nanofiber may form a second structure, and wherein the first and
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(first) nanofiber(s) supported by at |east a support

| ayer conprising support (second) nanofiber(s).
Accordi ng to another aspect, the functionalised

nanobi fer(s) and support nanofi ber(s) are conbined to
forma single layer. For exanple, the functionalised
nanof i ber(s) and support nanofi ber(s) are deposited 10
simul taneously to forman i Rertw ned |ayer. The
construct according to the invention may conprise
nore than one of said |ayer. The polyner nmay be a

bi oabsor babl e pol yner. The pol yner may be sel ected

seédnuﬂstrhettme@unaycuusIustcontaotfwnrp@aycha@bher alrt paeticular, the first
pol yet hyl ene OXI de, poly-L-lactic, acid

nap@ﬂl%ﬁ@ﬁ% wqf(ost e HiSTWiRSd, (- | acti de),

polydloxanone chitin, 15 collagen either inits

Tth’%ﬂ%ﬁf OtSe%\r Er'ér” %dstrﬁlcturq ac::}yI gﬁuch at the first and

c- Co- ud i ne ycol |
seeandi strpcﬂuyés_ arsaseparaie |IaiyerapAotmcling1tg one paslppnb rtharmbnstruct
nds thereof

acgclgstqgctﬂ tcne nls/ﬁé g%?:gﬁ&?nstpgrﬁ%%%e %/ &r aogmrw functnonallsed
(flrkﬁwii’éflﬁiﬂbe?@y s‘i#ﬂjlpbﬁ%ebvcdt)’l%ét anu;hﬁ)rtlﬁf@fér Eéfhbh@ihg support

he at | east rst nanofi ber and t | east secoO

(sec@ndi panofiegr(s)o mprccerlinge ta ypgotlmer g@pp@u y ithe funq;nonallsed

naBbieHsD A1 bUBodh 2k Bo B F Sarmp Rt 2 sERT I, For

exaMpRs teé fiiictionaliSed hanofilse(s) i#iid Sihpdit n&ffibied() are deposited
car bonat e, cal ci um sul phat e cal ci um phosphat e or

simyltaneoyslyata ferm an p@teftmnlﬁdaﬂayetrha h@ap@nslmoiaachr@mg to the

il EGHBRRE e B 6P or 38K BYEL"7: 7 o ber

and the at | east second nanofi ber nay conprise one

Theypslymer @y beuanbicalisovbable rpolymer Tie bmymnsr maiyebe selected
calciumsalts, The constr ucﬁ may further co

I
frogn thearoupl ¢ansisting ofe pplycapiplasions RlyethY! enﬁgﬁwwoly-L lactic

acgfﬁggglﬁﬁ%b?gﬁb' nagy@@%ﬁeegagbﬁ'&w Zelﬂoél\*cfﬁféﬁ&e chitin,
comgmyeither iatltsma:twlel ferm airanolssslinleext, :pplyf(glbtam»,a—cemleumne) poly-
e WA 3o oo LT S60E oablo phe i ollnet e pncs.
coPBlyHRAEE aﬁuf t@gqol%mfs CEHERESKICn MRUAFRIERY | B PBiyRer is &
polycaprolactone However, any suitable polymer may be used. Further, the at
least first nanofiber and the at least second nanofiber may comprise one type of

polymer or a mixture of two or more polymers.

The present invention also provides that the calcium salt nanoparticle is
selected from the group consisting of: calcium carbonate, calcium sulphate,
calcium phosphate or hydroxyapatite. In particular, the calcium salt is calcium
carbonate. However, any suitable calcium salt may be used. Further, the at
least first nanofiber and the at least second nanofiber may comprise one type of

calcium salt or a mixture of two or more calcium salts.

The construct may further comprise seeded cells. The cells may be selected
from the group consisting of osteoblasts, endothelial cells, smooth muscle cells,
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5 According to a further aspect, the construct is an
inplant or a scaffold. The construct may be used in
various applications including, but not limted to,

ti ssue engi neering, bone graft substitute and/or

peri odontal regeneration. The construct may al so be
used for non-therapeutic and/or cosnetic purposes. It
woul d be known to a skilled!®erson how to use the
construct. For exanple, the 10 construct may be used
in, but not limted to, non-therapeutic and/or
cosnetic periodontal purposes. It is inportant for an

mdsepchyral Gtén ecaisbleeniaioniet Stenvséetisi r&tﬁﬂfd@éblaltsanﬁbrocytes
ost eoconducti on. Osteointegration refers to dir

fibrabdaste and sbﬁadwgyas dngp 'ﬂlar,. te colls pee M%@s&oblast&
| t t :
HOREr4118UAa08 S Y8 el ¥ S tnd CBFEYSeA a9 i
morettkean ane type dbcelt.i nary problemwi th skel etal inplants
is nobility. Osteoconduction refers to the ability of

Aol T4 oS4 S5 T AT e

coﬁaﬁmtma béqsséaew%'naﬁéSapgnESn&ﬁLen%lmﬁ 'mu@'ﬁ&emmted to,
m neral il zati on | agen pr duct 1 on and ro el n
tlssgmehgmeermgbbnae graﬁ;sdusllaﬁe angiarn pmqmtplaragemeratrdry The
cohfER TRV A58 SBS1kE o BhEThE ahh Ol dPelig Buposes. 1
woufd b8 knewrCtddh Rkilled ! prasi hbinOd, usetHe2ddristiRY. 6 S&irfiple, the

bi oconpati bl e and bi odegradabl e. According to a
construgignayeeused imebyl Belkelimited tennoa-thenapeutie laadéer eesmetic

petffontaf Bibgétk. ot Jb' fieHprtcE 4 Tpbief 4578, kgpable of botn

ostepintegeritionrnhd dstebecnductioni Qetdimtegration refersdo direet chemical
present invention 25 provides_a surface functionalised

bOBd'zﬁ\ngfl Q) bigraatesiah g the suﬁece:@ﬁgpnadwthmy afeinteryeningdlayer of
flbfotiﬂcilé lTﬁJﬁdeMdIRQt eénﬁ{fel%é‘ft'b' a9 tﬁ nfﬁl?m-ﬁ‘éﬁ@ interface. A

réea con
prifriging br@trleulnl withl skgletal mmplwtmsdnwmty rcgstéb@ondlmsh rrefdrs to the
i n sodi um hydr oxi de sol ution. articul ar,

abilih et aukipmateralr togust a'lnu‘l;@l thu pwlfﬂaﬂgﬁﬁpver its surface
wtﬁlé%’idﬁtﬁfng%ﬁh@“ﬁeﬂ ftéf ﬁéﬁ P&, %tre&él]%bplaEt ' ﬁ*ﬂe phenotype

necessary and era
indRidesmminesdization, cellagersqa‘rudiuctwlnhoahd @ratedh fgyntﬂ&ms Normal
osts'e%rbﬁaas? ef_unction is particularly important for porous implants that require
bone ingrowth for proper strength and adequate surface area for bone bonding.

In addition, implants may be both biocompatible and biodegradable.

According to a further aspect, the present invention also relates to the
functionalization of nanofibers to make it suitable for use as tissue scaffolds and
other applications in tissue engineering. Therefore, the present invention
provides a surface functionalised scaffold. For example, the construct may be
surface functionalized by polymer grafting and/or plasma treatment. The
construct may also be surface functionalized by dipping and washing the
construct in sodium hydroxide solution. In particular, the construct is surface

functionalized by plasma treatment.
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chem cal structure of polynmers and its nost apparent
effect is nodified wettability. According to Liston
et al, Plasma surface nodification of polyners 5 for

i nproved adhesion: a critical review, 1994, VSP BV

Net her | ands, pl asma- produced pol ar chemni cal groups

I ncrease the surface energy of polyner and decrease
in surface contact angle. Lbe et al, Cell adhesion and
growh on polymer surfaces with hydroxyl gr oups
prepared by water vapour plasma treatnent,
Biomaterials, 1991, 12:443-8, investigated the

Hydf&pfhromdi orbfbehmeeal 1 r&lgérmeaesha‘ryedorpotelmteammbnt and
ovar behaviour. It was shown that hydroxyl

pr@lfes'ai;@n a:Péasfmantr?atmwu@e@ setlemethachde” Brodiy) tiee syrface-
ch%@gcraig%t &{ifef ao‘te Fﬂ?éré' ﬁﬁ{i é‘ r'h%§t“ép§%reﬁ‘t te?f:ecé s jmodified

Surf 8 cont ac
wettdbititi. Acoonding rtovtl.uety)nnehab rI%Iaarhaca)rfane Moaifiatioarafl golymers

fornBiRAAV e SANESIOTHE STl eV iptind OB VISP B8 NBLRET TRy Asma-
d’Huc'eHSpéI?F %hfeﬁ'ﬁé’al"%rbtlgﬁ IH%HGSQHHSSMCEG'&%QWOF‘%I mer and

techn terns [ e neasures the attraction
decreaseeipussiface momtmr@eeLem@aUI@ell @xfyeslosnsnd growth on
owar ds the surf nol,ecul es. t abl met hod
polyipThsuriaces Mt TORLBRY rgruns erdted bt Wafer ARG, plasma
tre%bﬁeﬁf %Sﬁfatéﬁ’é@migg’ﬂ 229318, OiYMgﬁibaQed'%QQHte%ctlon between

preparlng t he COHDOSIte nano I ber construct of
plasnm}mudlﬁled/ potymms anldeovasry Icetll bebaplpusu Ihwyastshovwst ttm hydroxyl

orSips 28 A, I pdiiced, P, the | sidce] 38 P HRrE A s "Surtace

mdtﬁﬂgé‘?i%htre%l@ed Melecddtrbase bﬂéu@a@a‘ cORtbENEgle Qviieh cedms good
salt nanoparticle is between the range of 99:1 and

adhesion ansi giewing:manmers obcellsor eparing at |east a second
nanofi ber conprising at |east a polyner and at | east

Co%&%@ r@g‘ﬁ%”a%% a}{msnéﬂgl‘&% e{rls%E%eVW&taed. tcﬂ’% %B{T%’e By ,Measuring

nano artlc ween

the dugfaceftehBdnOofizd saReRd dvoplehet tsr meerfaceamlthla homogenous
preparing a conposite nanofi ber construct
sugage-ain imere: frchniealt teRmeofcoptact angie, mﬁés%ﬂ%omﬁ attraction or

rep\A8Bh! fBke droplet molecules experience towards the surface molecules.
Any suitable method may be used for measuring the contact angle.

Further, the present invention also provides a method of preparing the
composite nanofiber construct of the present invention, the method comprising
the steps of:

- preparing at least a first nanofiber comprising at least a polymer and at
least a calcium salt nanoparticle, wherein the ratio of polymer to calcium salt
nanopatrticle is between the range of 99:1 and 10:90 weight percent;

- preparing at least a second nanofiber comprising at least a polymer and at
least a calcium salt nanoparticle, wherein the ratio of polymer to calcium salt
nanoparticle is between the range of 100:0 and 70:30 weight percent; and
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The met hod according to the invention may further
conprise the step of preparing a first solvent

m xture and a second solvent m xture. The first
solvent 5 mixture nmay be used to prepare the at | east
first nanofi ber and the second solvent m xture may be
used to prepare the at |east second nanofi ber. The
first and second solvent m&tures may conprise

met hanol and/or chloroform However, the conposition
of the solvent mxtures may vary to suit the needs of
the present invention. For exanple, any one of the

SOopreparing s0compositd haadfilser cdhstruet bptontastihg steefirst manofiber
henghM n Huan%pet al, A review on polyner nanofibers

byith&he secerdNARPHREfand t heir applications in

nanoconposites, Conposites Science and Technol ogy,

Th?oﬂr%'t hétP: a?c%%?‘dlﬁé’%%e tl'?@yin@@n yf‘??ﬂ{\gi %rﬁﬁ’né the step of

urther aspect ratio o cal cl
prepanioga first [selvent mikture iandta aacmfd SQIweniamlxterebé'ﬂmemt solvent
O 20 to

mi%?,:rq,’l@t\é)yo%%: s %(P@Ba%?n % t2 rgb nggo?pﬁr ang 'the second

soRaht bl ma‘yf’tfé [1§éd! [ Qfepaﬁ’@ |tb(é"él It §éb§hdﬂ ﬁbﬁéﬁ&er The first
nanoparticle of the first nanofiber is 70

angese@oﬁd soheantnoridures paay i eamprise ¢ methanal oaad/Opoclwrmform

B8 50 i T RSO B B5nd Valy 00 it o

theppfea@ht ifvengiahc Fbmeiéhfplél aen%pané iof ltige %Blveﬁ@s tdnea eashtion
nanof i ber may_be between :0 to 70: 30, :

thezgof2@s Ilgtedm £hergsMing bluagg: éI@LtA) rexgewmn mlymer nanoﬂbers by

0
o RSB e Yol A eBlori R ookl B4 i Science
ang@dlechnblogly 20036 3 2223-2258¢ ma'yltﬂa"uséme ratio of
pol ymer to cal ciumsalt nanoparticle of the second

fib 00: 0 d
AcBaidnG: 4 a furhgiaspect b8 satd BEeeaies snaalao saB danaRartile of
inTLEE ASbeP AT bRrak 96 5811008788 16170861 7825 to

e at |l ea irst nanofi ber. articu
25205, | 4180 toed0170, 640 idrel 4080 ar HlyH@r Irpcpiamcﬂﬂan; dhe ratio of

pofifiet, th calkiimeaR potanaztide cOF bk TSN pRESHBY 570130 weight
pefctnti LEVe‘i\a%oféﬂﬁﬁp?a frficui &, rﬂfé Tafid bhepatymepatd éditiwin salt
nanof i ber 25 wei

nanoparticle of the flrst nanofiber is 73 25,

According to a further aspect, the ratio of polymer to calcium salt nanoparticle of
the second nanofiber may be between 100:0 to 70:30, 95:5 to 80:20, 90:10 to
85:15 or 85:15 to 80:20. In particular, the ratio of polymer to calcium salt
nanoparticle of the second nanofiber is 95:5 weight percent. Even more in
particular, the ratio of polymer to calcium salt nanoparticle of the second
nanofiber is 100:0 weight percent.

According to a particular aspect, the at least second nanofiber has a different
polymer to calcium salt nanoparticle ratio from the at least first nanofiber. In
particular, the at least second nanofiber has a higher polymer to calcium salt
nanoparticle ratio than the at least first nanofiber. For example, the polymer to
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percent and the polyner to calciumsalt nanoparticle
ratio of the at |east second nanofiber nmay be 100:0
wei ght percent. According to another particul ar
aspect, the at least first nanofiber and the at | east
second nanofi ber have the same 5 polynmer to cal ci um
salt nanoparticle ratio. For exanple, the polyner to
cal cium salt nanoparticle 1&tio may be 75:25 wei ght
percent. According to another aspect, the average

di aneter of the at |least first nanofiber may be the
sane as or different fromthe average dianeter of the

cakiurh @aftthandpafivle Fatidodf therat lddst MirstinanofiBer mdye Y §128dfeight
dianeter of the at least first 10 nanofiber i's smaller

pereeat apddhe palviger @i ealeivet sat nanepatticledatie of tae atjleast second
T,
naffSdr RS el 160,0lwd BHE o Sehe PRI 15 i el B3pect

theatfieastfirgt bahofileer 20d ahd dt08astsecort agaofibe kave the same
25 to 100 nm I|.n particul the average

pofgrdp ¢ um: R naBeP P ariatie. Far emfeé e PolMemto Calcium
saﬂh%n@%ahi??l:?tféerﬁﬁg%”ﬁ‘?égfé‘?qtg abl y has an

avera anmet er bet'we OOO nm nore
preferably between 20 and 500 nm and even nore
Acpording thapotheo@spect)tite average diameterdfdhe at teastviestagnofiber

r is_ about e in articu nm
may, BECE! sdrhe, 85 ot oBrer ot e AVe/ads: FBBIStan 91 he B least
seb&7b InARFBBF Wrﬁérh&ﬂér hihee avb%é%@@ryﬁﬁrthé oat least first

cal cium salt nanoparti cle ratio, aver ag
nagofibenie smallep thamthezaverage digmeter oﬁ éha)at lpest senpndmrmﬂber
| east second nanofi ber are different. For exanple,

B g BT Bie P 4R Qg 0AREIS L hGebA 19 anc
1000mrmvmba@pr@fbaa‘my betwéeﬁ R6 ard 56@ein,farndséverm ansrkigreferably,
IS aBBrom mately 50 nmwhil e the average di aneter of

25119210V Nmeadn pasticwat thenaverage diamaies isxpharkhP WY more in

o501 B Y e ARSD Gl K9S, p Brece

diamétee @etwéewnonamd 10D airhy none p@éfefbbly betweén l28cand 500 nm,

acid, colide, poly(DL-Iact
ansavmrg%ﬁyﬂ blvpawﬁp B Eﬂﬂ'ﬂ-‘l?f theavesgga diameter is
abShf hr{‘ mMére mgﬁrﬁ&ﬂéf’ﬁ Am.cross-1inked,

ut am c-c eucl ne poly 20

In particular, the at least first nanofiber and the at least second nanofiber have
the same polymer to calcium salt nanoparticle ratio, but the average diameter of
the at least first nanofiber and the at least second nanofiber are different. For
example, the ratio of polymer to calcium salt nanoparticle in the at least first and
second naofibers is 75:25, and the average diameter of the at least first
nanofiber is approximately 50 nm while the average diameter of the at least
second nanofiber is approximately 300 nm.

The polymer may be a bioabsorbable polymer. The polymer may be selected
from the group consisting of: polycaprolactone, polyethylene oxide, poly-L-lactic
acid, polygyycolide, poly(DL-lactide), poly(L-lactide), polydioxanone, chitin,
collagen either in its native form or cross-linked, poly(glutamic-co-leucine), poly-
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| actic-glycolide acid, poly(L-lactic

aci d- caprol act one) copol yner and bl ends, copol yners

and terpolyners thereof. In particular, the polymer is

s- pol ycaprol actone. However, any suitable polyner may

be used. Further, the at Ieast first nanofiber and

the at | east second nanofi ber may conprise one type of

5 polynmer or a mixture of t® or nore polynmers. The

present invention also provides that the at | east

cal ciumsalt nanoparticle is selected fromthe group

consi sting of: cal cium carbonate, cal cium sul phate,
lactie!glydolide hasighasaly (Lrlabticl ravig-eapioldctoné ) copblyntat ahd blends,

the calciumsalt 1s calcium_ carbonate. However, any
copelymess e apdl denalyngets wtﬂerggf ubedpartisuiater the: hpolymero is  &-

pol EABlaIasth i FBWBlRE "Bl pBbnei Dy BEARE, Furperythe at

ledst fitst handfibéV@nd® the Bl Iéa§?éé‘ddh@ e dfiber AfeRCESsHhpPBsé Bna type of
articul ar aspect, the nethod of the present Invention

polygisiar foRixtureseh Weso Mere\golymers: | east fir st
nanofi ber and the at | east second nanofi ber.

Thggﬁgléésrt‘&;iﬁb%ﬂid?ﬂaﬁﬁ Fb’i‘gﬁggﬁ ttrgé;c thB'4R 181 %Elc{ﬂ.ﬁh SalSdPaticle is

e power su
seldictguk froen tbelrgrouptd:on‘wmgngf r@alelun'onarbﬂriadae calcnum sulphate,
di spenser i formof ri nge co

calgiirh EpShatR PE AR XABRUE. I, PRMEU§Tath SAICATACSa s calcium
caM:iotn'%F]eS ”ﬁb{/ve%la”?ﬁf%uq%lé é’aﬂELH ﬁerhagodé RisbHN¢ uRthal Sthe at

in Fi ectr spi nni ng
Ieast Girst sanofibéi zylnd the atlgast seomelmarmfibeemaay @omprise one type of

calBikR 2l = iU ot e i CAelB e 'ca To ¢ ne

solvent mxture at the outlet end while the fiber

Aceoldifg i parid far éspesﬂt Otlhed'ﬂéthoae@fathé %r@éeﬁthﬁvéﬂtﬂﬁm comprises
vol tage, an intense electrical field'is generated

elastrospianinchtherat lleastfirat napefiberoand the at ﬂe@atesecmdnnam@ber

EIGESbIY ArfiaESS S T oRPobEts SBOPEIY, Bhhts, BF 2 hian

volkt&ye stswéo srulpgly‘ i beausp@hbsptpmﬂp Pivith e feetdify Srit& eBéntroller, a
m xture éljl IS stretched to 25 nanoneter scal e by
dispeaser incthie fosncef a suringe: captaining aeiﬁdmﬂta’t"@%ufﬁr él‘thH@t in the

o REATosfle FRDISAL TRELRE ol 8 A8 EORTR pipr, 3o gpown
in Figerei&Aodnﬂherelen‘trdsbmmmpfodesssa higH Veitaye |b€usbdrto create an
ele%ltr?éa?ly ghlarged jet of polymer solution. Generally, a positive charge is
applied to the solvent mixture at the outlet end while the fiber collector plate is
grounded. Because of the high voltage, an intense electrical field is generated
between the outlet and fiber collector plate. When the electrical force exceeds
the surface tension of the solvent mixture, jets of solvent mixture are drawn
towards to the fiber collecting plate. The solvent mixture jet is stretched to
nanometer scale by electrical force and the solvent evaporates from the stream
of solvent mixture jets to form solid nanofibers. Polymer nanofiber membranes

are formed by the deposition of the nanofibers on the collector plate.
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Fi gure 1A shows a dispenser filled with a sol vent

m xture. The feed rate of the dispenser is controlled
by a di spenser punp. A flexible plastic tube connects
the dispenser to an outlet, which can be in the form
of a small orifice such as a small bore hypodermc
needl e. The outlet is usuall¥ cl anped to a stand.
Using a 5 high-vol tage powetT supply, voltage is
applied to the outlet tip at room tenperature with
controlled humdity conditions. For exanple, the
humdity is set to 30 to 40%to control the

Figiv@ A sihows ar dispendert filedswitly @golvdritenbieret Thedekd rate of the
charged solvent m xture forns a Tayl or cone fromthe

dispepseft iseatiglied by a dsparserqusncb ficxbla Blasts tyheseannacts the
dis?gﬁ%é(leﬂ) gbs&ﬂfé‘iewhmec h e Inffheoforﬁ{ ?ﬁ‘gr $nall! iélggag&ﬂdas a

ol vent m xture 1s drawn towards groun

smalilboee hgpogembie netdée. dihenputiat imusidallytdi@mpet temtstand. Using a
.mxture jet results in decreasi n}g_ %i ameter of the jet
highnypltags, Power: sHRPYs YH@9EoIS RRRIEDp 1At 1§ Putled pfip apt room
PRaTal rd ' I ol | t idity i
terhBHatiRe: wilCobrollod Mg corRrRCRGF xghibi; g pumidity s
sebta 30 tte d0%atofcobntrok ther evaptrpticn rate efithersoleent! #bewelectrically

on Bl VRS, s, BT 650 B S e Bt o e
groliield dsllestoMplate SO AiStEAES. TR ihe GeE8f eRifltafly charged
cal cium salt nanoparticles. Depending on the

solyenpimiituteois drawnieweardscihergroundedh gpligeior plate: SThenelongation of
sol ven nmxtures, the.formed nanofibe be.f.ragil.e

tne 3K misti'e o8 Frali in UsiTaslll Qiameler 2 e’ it § avels

tovidrad the Wollealot ipkiesial 4 spRAICRASHIONC IDRAINGT thisAtHE¢él, tH® solvent in
enhance the 20 handling characteristic of the

thehaelvenbaixtyenevapratesaincibepais Rnd raademiyberiented manafipers are

coffisl ISP e REDe By 4 iheffn B WiobeRes o
composite hafbfibévscareswedl@rithian that of mamofibersavhich&diprise added
first nanofi ber and the second solvent m xture is

papicles, gueh @s qalsivm $alt nanopasides.second nanofi ber. The
first solvent nixture and second sol vent m xture 25

i i . t .
o, 3.6 A Sl e e
miktores, tthe fethed\harofitzerimay be ftagilefandsdifficoltte ianaies tparticularly
d d | t . xt be, id
WHEB R IO AMGUEh GaIFln SABrABbPaTiGiEs T-ddert Ta enbauge the
hahdlig cRRaéteRstic 36X the enahofilRASEostARRD N ashpdsite Haofiber

structure may be fabricated by a number of methods as described below.

According to a further aspect, the first solvent mixture is provided to form the at
least first nanofiber and the second solvent mixture is provided to form the at
least second nanofiber. The first solvent mixture and second solvent mixture
may be provided simultaneously such that the at least first nanofiber and the at
least second nanofiber are intertwined. Alternatively, the first solvent mixture
and second solvent mixture may be provided sequentially one after another
such that the at least first nanofiber and the at least second nanofiber are
separate from each other. In particular, the first solvent mixture and the second
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separate fromeach other. In particular, the first
solvent m xture and the second 22 solvent m xture are
di spensed to formthe at |east first nanofiber and the
at |l east second nanofiber respectively. In the
preparati on of the conposite nanofiber construct, in
addition to the solvent m xture conprising a polyner
and cal cium salt nanoparti cd%s, higher 5 strength
nanofi bers with nanofi bers containing | ess or no
calciumsalt nanoparticles are electrospun with the
pol ynmer nanofi bers containing the desired ratio of

solP@hdiBdurerealisperBeddbtiona g at idast fist nanofiveli avgd the at least
particul ar aspect a conposite nanofi ber construct

second mandftbenses Rﬁﬁl&@bosml ng at |least a nanofiber
layer with the desired mechani cal strength to formthe

In rﬂiéfs}ﬁgb&@go FH!RQOM ?QSIféarl]l%fnb Sér B ructhgté’c{lﬁlté&g)to the

PLiUm SalP Handpart i ¢l €s (see
soldéehte iidturey Toynprisivg @epolyatérnmdta:atmum salt evagobartitjesy enigher

achi eved b h d fib h
stremtgemaapa%a il BAGo 4TS  CORBING o 155 aioMayeiicigm - salt

naftb‘a;%ﬁlbl‘é @Qéﬂr&j{uﬂ Wit tﬁ@nbal Metd nhhsfisasi E:Sﬁtalnlng the

cal ci um sal t nanopartlcles or
dearédira:ttmlof:pblynmﬂtesnalmummﬁlhnamﬂathdem Accordingl® a particular

aspagjop cOUTANIRMANOTEGGpasut gy B fhed BY BBRSKLBH, least a
naﬂaﬂﬁgr' l%Zér W@ﬁfﬁé@bsﬁéﬂ‘%é&ﬁarﬁﬁal Sstieho 't@rfétmct@l@m%bhﬁmcal

ayer In he COﬂpOSItIOﬂ of the
suppmt:ﬁg manofiber layen cmmalgmgdess or ne galciumisattnanapastieles (see

Fi 11‘59;) ?\lat' cﬂy\g}ydgﬂ 4 necﬁam %ﬁarﬂégfgﬁérﬁ#tﬂ%ﬁ@?@é a%ﬁfeved by

préﬁ%ﬂﬁlyt‘h@t sedohdPrdrdfber EHawrde@ |é’t@eﬁ”@08ﬁye0@|bn%télpﬂfatn the first
nanofi ber |ayer conprises the at |east secon

nanafiosi leefuncmrmiawmﬂbebhyeheogt&mm the,desirgd fﬁtsot efrrolymer to

oot BB A4 D EEBRREDAE cHRBRH BB, HBitagneny o

elddtdshlih Tnto H Yirsthaficdl eupporingmanafiber fayeaasishowar in Figure
t he second solvent m xture contains | ess

2. EﬂaIsdmlday@anqmmtgoraanoflheé§0n§ﬁ5uqtr¢@nﬁ|snt%9f gﬁmcg@@ghgomposne
ol Bl R 6 TR B e RaRERE! bt Bochdesianed
forr eslpettackaient sride ppolfemtied, @ndoa rhechdndcal supporting nanofiber
layer, to provide mechanical support for the construct. In particular, the
mechanical supporting nanofiber layer comprises the at least second nanofiber
prepared from the second solvent mixture and the functional composite
nanofiber layer comprises the at least first nanofiber prepared from the first
solvent mixture. Even more in particular, the second solvent mixture contains

less or no calcium salt nanopatrticles.

The first and second solvent mixtures with calcium salt nanoparticles and with
essentially no calcium salt nanoparticles respectively, are prepared prior to the
electrospinning process. The calcium salt nanoparticles may be referred to as
filler nanoparticles. These filler nanoparticles are such that they promote cell
attachment, growth and proliferation. The choice of the filler nanoparticles
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el ectrospi nni ng process. The cal cium salt
nanoparticles may be referred to as filler
nanoparticles. These filler nanoparticles are such
that they pronote cell attachnment, growth and
proliferation. The choice of the filler nanoparticles
23 depends on the cell type desired. For exanple, the
addition of calciumsalt rmhoparticles encourages the
attachnment and proliferation of osteoblast on the
nanofi bers. The cal cium salt nanoparticles are first
di spersed in a particular solvent. This is 5 foll owed
deﬁé’ndshénamél EbiPRypsd deBRe@OFpMeixampie, thel udditiopedd eaIcILﬁn salt
di ssolved in the solvent conprising the cal¢ium
nanepasticles ienceyragesetheAttashment.ang eroliteration gf oty st on the
nari%ﬂbeigl e methods to formthe first solvent mxture.
‘anpl e, the mxing nay be carried out by a
magnetic stirrer. Further, a second solvent m xture
Thewxalcilm saltemanahrticles ase rﬁl'rs'.tailspalle\@nn agpartigulat solvent. dihis is

fouggtpﬁit'pfih”&aé@itlten@tﬁgaéﬁ%?fe T poiteriogiiet i issoived in the
solltlgﬁ‘tcédrﬂﬁﬁélpg HB é |(98§'p1‘ hé 5BRent Hfixtake is mixed
east ohe Trrst nanofi ber ectros un

usiag rsmitabbeuetl'iquwbtfbrm mme flremsbhnent mlxtutqapﬁmfte'xag\ple, the mixing

nanof i bers ri t he at t .
mqyg??oﬁ?%'@f’ P8 gt o S B cpBE Fofient iy may
bef éﬂﬁfédoih Qfs@llépme?eeib’ﬁmfhttlée{)r ho cHiGhT Y8kt nanbparticles

h the functional conposite nanofibers are entw ned

areJ\added teethensventi cal supporting nanofibers. The
el ectrospi nni ng appar atus nmay have two or nore

dis ers onnect e ‘ol
AEREfH 4 Rafteuliastiet vt it hnotert Bontrising
the? fOladtt ond Xtikst enanbfikdy ard Oslecedsun Oo‘imlultah@@sly W|th the

mechani cal supportlng nanofi bers conpri si ng

e

meobasicapsuppGRE neantibetsampriting the atisapt @%éﬂ%ﬂ%@a%of'ber
asf%ﬁeﬁe{hgﬁgq&é Y 'leFt 28Lifs ifthe %ﬁﬁéﬁcﬂ?af %”b?‘rglgogltte nanofiber

composite nano i bers conprisin

cohstasdt, fri which tren@dndtienal coimposité mmbflbenst aleeehtwined with the
d| spenser A may conbg ttI e or no .cal

SRABIS SHRPRENG Fe TheIa/EeHOSRIRIGS @PPHIINS a@vs*é?ve two
or lﬁ.,(?pgy Q@ﬁ?ér?i%ngg_ﬁféﬂ;f’cﬂtvl}@tdr %&fe SMEEBy Way Bf €xdple, as

opar e mechani cal
shown in Flgure 1B, dispenser A contains a solvent mixture suitable for
electrospinning mechanical supporting nanofibers comprising the at least
second nanofibers and dispenser B contains a solvent mixture suitable for
electrospinning functional composite nanofibers comprising the at least first
nanofibers. The solvent mixture in dispenser A may contain little or no calcium
salt nanoparticles, while the solvent mixture in dispenser B may contain a
desired ratio of polymer to calcium salt nanoparticles. The mechanical
supporting nanofibers and the functional composite nanofibers are electrospun
simultaneously to produce entwined nanofibers. The flow rate, outlet size and
polymer concentration can be selected independently in each of the dispensers
to produce nanofibers of the desired diameter. Further, the composition and

diameter of the nanofibers may be selected to target the growth and
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25 supporting nanofi bers and the functional conposite
nanofi bers are el ectrospun sinultaneously to produce
entw ned nanofibers. The flow rate, outlet size and
pol ymer concentration can be sel ected i ndependently in
each of the dispensers to produce nanofibers of the
desired dianeter. Further, the conposition and
di aneter of the nanofibers 2y be selected to target
the growmh and 24 proliferation of different desired
cell types. By way of exanple as shown in Figure 1 B
di spenser A contains a solvent m xture suitable for
pratifétatioR ot diferdt desied esiptypreel v Byrwaprsif exsnple as shown in
targeted at endothelial cell growth and dispenser
Figsise 188, rdispenssinA sentaing @rﬁolg@ntt miytyres gyitable for e|ectrosp|nn|ng
r [ t
forEyBEaf BIPMEP R THER, e Eed St FBldTaf O RROMPIN dispenser

B éamaMSoaldolveanmmmesumalbja‘rﬁor eieotubsmanmgadiuectlonal composite
el ectrospun S|nultan ous

napefiRars piargetedcat sAao QHBL%%Iﬁo‘F ggg%%@he eﬂ'%ggnta{unctional
co%ﬁ%é‘ Q\Igy}r{érphﬁn fé;étrg bVé’eéeg%%Lﬁi %ﬁltéﬁéﬁﬁél**%- groduce

sl ze an ynmer concent
entwisied manofibpendech Ittyatsthban:irmjlbers aex targetechat growmg multiple
di spensers to 10 produce nof j bers of t

cell types PN r3sipgle gpamctan & iAW riatey PHHebﬁlze ahd polymer
coﬁééﬁtrat%ﬂt r@ Ret m%ien&eﬁﬂy Sttt d |ﬁ”é’ééherof ptﬁét HispkAsers to

ani cal porting nanofib
prcmuqermamofg:arsle)fathelcmfuedsmame(tem@ndhe mth enduprghferatlon of

osi ted on the collector plate by el ectrospinning,
d'fgeégmo‘?ﬁél the deposition of the functional conposite

15 nanof i ber | ayer, conprising the at |east first

Aceame Reanothir phaivUlarHRpesi, Admashamibavsupportignasofiber layer,
The nanofi ber constructs are dried overneFﬁht at room

con‘?rmpmgamerali leantsrecond nanefibet éntirst denasitethen the saledesplate
oy bl EBba s “bubleaLoE e S6PRYiaA R 1 Higfel omposice

nahdfiBér \yeE osormprisingt the aplessnifirst MMﬂbedebwétwmbmnnmg as
the ratio of polyner to calcium salt nanoparticles

shawa idfigireddi ti ves; 2) applied voltage to the
el ectrospi nning apparatus; 3) feed rate of the

The® n4RBFbE tohsflets afd dfd BverRBRE dterobiRNtdhiferature under
vacuumed conditions. The morphology of the at least first and second
nanofibers may be influenced by various processing parameters such as: 1)
viscosity of the solvent mixture determined by the ratio of polymer to calcium
salt nanopatrticles and other additives; 2) applied voltage to the electrospinning
apparatus; 3) feed rate of the solvent mixture(s); 4) the distance between the
outlet tip and the collector plate; 5) the inner diameter of the outlet; and 6) the
humidity surrounding the electrospinning apparatus. Therefore, it is important to
optimise the various parameters to prepare the desired nanofibers.

According to a further aspect, the method may further comprise the step of
seeding the construct with cells. The cells may be selected from the group
consisting of osteoblasts, endothelial cells, smooth muscle cells, mesenchymal
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outlet tip and the collector plate; 5) the inner

di anmeter of the outlet; and 6) the humdity
surroundi ng the el ectrospinning apparatus. Therefore,
it is inportant to 25 optim se the various paraneters
to prepare the desired nanofibers. According to a
further aspect, the nethod may further conprise the
step of seeding the constrdfct with cells. The cells
may be selected fromthe group consisting of

ost eobl asts, endothelial cells, smooth nuscle cells,
mesenchymal 25 stemcells, enbryonic stemcells,

steﬁﬂrc% dr gp rﬁc SteRT @ENd, eéhrohUFUb?é%tQS?lﬁrc%Wes fibroblasts and

rocyt I'n particular, the cells aré human
chcmzireqttbaslrs partiowarrtheanglls are thusnan casteoblasts. tgwever, any

w8 e oy 500 5 S0y S g
twPBPHORE cEli iy mag Becised he met hod may further

conprise the step of surface functionalizing the
construct. The step of surface functionalisin

Acearding toeapethghiyrtharasnech thadnethogima (therEafaRSe the step
of g@‘?édecfﬂn%'ilo éﬁ}?rr%gc)%rea rfnstr fﬁ&%técdjafcéur‘?éb'@ ftfdgﬂgnahsmg may

r1ses t he ‘construct

corfnplrilsé If pmﬁhez graftingi and7|e|c plafsma/ tieatraenbrincedrticulgpethenstep of
ce eat ur

sumffmrpféipgafﬂag u, g@gr ! aﬁﬁgglqs HIgsrrlrge{ 'g%% qlqlaﬁfa L f gn Ofong?rltJthPéurface

fu 'iigﬁélfﬁ?l naf%dn‘éeé?ébsrgt ﬁagéipb'nc%lqg pOfatfiel! fé%"u?re Surface
urface tfunctionallzation nay a conprise t

furdtiopaligationd ofiapolymer ohanofiberanufdlustess polymer greftm uplasma

in  sodi ym hydr oxi e ol uti
treafipesicand eaTpasi gaeasion of nenoRBerorSUTRcE i ibnglization
ma%al&@%o Riptisethe éfb/rﬁﬁémﬂﬂ vidshi §Pth@mib‘é$§6rmé &distruct in
const uct an thod of The present invention.
sodinen hygdeoxidey eobtiopuQthee knowncmetheslsi obsudace fenctipnalization

o35 0 AUPHEen BT B4R PHES B Mol RBced by e

coR ATt aktd/er hﬁ’etﬁBHaéYCmet peasenhYisverion! iThe! #dvatitagesof surface
treatnment 1s a useful nmethod to nodify the

furniiohalizationearesas desaribediatoves t he constructs to 20
enhance the wettability of the construct surface.

A sBRHE: i, ROURE 1 SRitlednp oot Heéa 8 b, Mbricated
nafibfiber constructs to enhance their hydrophnhcnty. Plasma treatment is a
useful method to modify the surface-chemical structure of the constructs to
enhance the wettability of the construct surface. Plasma treatment resuits in a
high-energy condition producing hydroxyl and carboxyl groups on the surface of
the construct. Plasma-produced polar groups increase the surface free energy
of the construct, resulting in the decrease of the contact angle. Contact angle is
as an estimate of bonding quality. It is desired to maintain the stability of the
plasma treated construct as the modified surface loses wettability with time.
This is due to the combination of thermodynamical reorientation of polar groups
or the reaction of residual free radicals. In order to avoid this undesirable loss of
surface wettability, the constructs, after air-plasma treatment, are stored in
aqueous solution. According to a particular aspect, the at least first and/or the at
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the construct. Plasnma-produced pol ar groups increase
the surface free energy of the construct, resulting
in the decrease of the contact angle. Contact angle is
as an estimte of bonding quality. It is desired to
mai ntain the stability of the 25 plasma treated
construct as the nodified surface | oses wettability
with time. This is due to 2he conbination of

t her rodynam cal reorientation of polar groups or the
reaction of residual free radicals. In order to avoid
this undesirable | oss of surface wettability, the

leaspgaEONE hanofibérerargigledtiaspim drf ¢3tmmIrty 13men sbesreslipsnCover
aqueous sol ution. Accordi r;?ﬁto a Eal‘tl cul ar, aspect,

S"I@%@aé{_tth?@é& placed onzhgless siide, whic @Tﬁé%%qeds'@c%ﬁlﬁsma cleaner
[ 0
cnBSE! PREERCTRER FOGAYRAR 4 BBl I HRltes wit the
radib ifebguenby pbwer septead3@W umder alcasnmacaonditiores. chanber.
Pl asrra di scharge is appl ied to the sanples for 10

te wth the ofre enc ower .set to 30W
AcGReing {o,800ther ARBeE HispraseRt MyEANoR Providenafidh comprising the

coﬁ§lﬁ?&t of thE Pre88RNtinVehtRRA "ﬁ{é Wd‘toméi‘éffurﬁwé? Eomtplrlse a set of

onprising the construct of the ent 1 nven
ms*ﬂmtlans onghow thet cmstummr foskze asedatlnqxartmtﬂalt, the constsuctiin the
ow t.he constru

t to ed
it SRR 55 a0 RPIBHE or i sbRgi8, St ApeBiing 18 e inbBBion may
furliétr &drhpAsE Mstrutdiohs fbh%sb(ébeéﬁdléf‘ aﬂ?ﬂcatfo\ﬂ(éﬁéf the construct,
conpri se i nstructions for use(s) and/or application(s)

scaffold randéiemimpiant according datheinyentieon.or i npl ant
according to the invention. The present invention

TrigCbisRRht WAISE T PIoUdSh A FHBPHAS, [dBiliY Hackied bone

seghicptsm & Sul%}mt étfdmmtslﬁélmecsteptdf wargically infisamtires et construct
I nvention ject may be a human or an aninmal. In

of fhet peagest | lnvw@l@ubTegtsutaeﬁunw besaThumanegsnan animal. In
pak‘tﬁ:\ﬁ?é}t H’%ns@jé& 0% éjﬁes the use of the construct of

t esen |nven ion in non-therapeutic and/or
cosnetic applications. It would be known to a skilled
Theepssenh dnvendions alsbherovislest thec tise Fadrthexeonsteyct tdfethe present
constr.uct used,,i n_non- hera tic

inES8RR Y SopanErRtmtE Sslp b edtteterApRatons, Rk b igpwn to
a §mu¥écﬁfgt@fsﬁn?nh@0ggé%@tﬁé%6‘ﬁﬁru& F & ERAmpleS Y4h8 Vonstrlict may be
used in non-therapeutic and/or cosmetic periodontal purposes. The present
invention therefore provides a method of cosmetic surgery in, but not limited to,
a subject, comprising the step of implanting the construct according to any
aspect of the present invention. In particular, the method of cosmetic surgery

comprises periodontal surgery.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples, which are provided by

way of illustration, and are not intended to be limiting of the present invention.
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20 a subject, conprising the step of inplanting the
construct according to any aspect of the present
invention. In particular, the method of cosnetic
surgery conprises periodontal surgery. Having now
general ly described the invention, the sane will be
nore readily understood through reference to the
fol |l owi ng exanpl es, which at% provided by 25 way of
illustration, and are not intended to be limting of
the present invention. 27 EXAMPLES St andard nol ecul ar
bi ol ogy techni ques known in the art and not

ExaMpiEscal |y described were generally followed as
—described in Sanmbrook and Russel, Ml ecular C oning:

A LaboratorY Manual , Col d Springs Harbor Laborat or "
Staadard snetecuiar ooy B@amﬂt@%knqwn i the eyt and not secifically
0
depgHEhl s, boforsiyYoTbhEA DAY Nostipali] A S POk eaAd Ryssel
MoletrmaxSCtoeung A?Chbara:lon/aManuai Codal Spniags Herbophabomtay, New
(CaCCBi nanofi bers with a particular weight ratio,
Yoik £00130 pCL: caco8 = 25:75 wt% . The material s used
were PCL pellet (in = 80,000) purchased from

%AI drich Singapore Pte. Ltd., and CaCOB
rticles (average particle size = 40nm cubic
type) supplied from NanoMaterials Technol ogy Pte.
In thed presient ipventionFthe B@nposite hiabefiser constrets were @tremred by

e oo RLEFS 4Rl 50 Sl PEL VR cli
ca%@héﬂbb@ﬁlcf& g%c@?}l ﬁét‘t\ﬁeibérf‘gz\ﬂt?\t ?‘r?a%%ﬂ%ﬁbéeig;ng ratio, i.e.,

PCGto€CalQs # %mmnzshe baaterialsOassob wese petetediner 80,000)
ssolved i,.n,a n‘gxture of,,so

PUESHiEBEg AT oAk SH1gReEr 18 EchoE IEaGRa nanoparticies
(a\géjﬁag brhﬁfcleo%lié LM t&lﬂmcr@ﬁéhtsmg;neuxnbhe NBgoMaterials

e outlet was a needle wt mm i nner 20
TedhnologyrPteThid.f Sipgapare: Rar BGL mansfibers, the RGE geligemas first

b, 7 LR oS, HRBBRES B b ana 25w
methanol. The concentration of PCL solution was 7.5wt% to ensure fine fiber
morphology in the resulting nanofibers. For PCL / CaCO3 composite nanofibers,
CaCOs; nanoparticles were first dissolved in a mixture of solvent and
subsequently, the PCL pellet was dissolved. The concentration of PCL in the
resulting mixture was 5wt%. The outlet was a needle with 0.21mm inner
diameter. The feed rate of both solvent mixtures were fixed to 1.0ml/hour by a
dispenser pump. Using a high-voltage power supply (Model: M826, Gamma
High-Voltage Research, USA), 20kV voltage was applied to the outlet tip at
room temperature and 30%-40% humidity conditions. The distance between the
outlet tip and fiber collector plate was fixed to 130mm. The fabricated nonofiber
constructs were dried overnight at room temperature under vacuumed
conditionds. Figure 4 shows a photograph of PCL nanofibers and PCL / CaCO3
composite nanofibers. The average fiber diameter of PCL nanofibers was
600+230 nm while that of PCL / CaCO; composite nanofibers was 900+450nm.
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H gh- Vol t age Research, USA), 20kV voltage was applied

to the outlet tip at roomtenperature and 30% 40%

hum dity conditions. The distance between the outl et

tip and fiber collector plate was fixed to 130mm The

fabricated nonofi ber 25 constructs were dried

overni ght at roomtenperature under vacuuned

condi tionds. Figure 4 shows28 phot ograph of PCL

nanofi bers and PCL / CaCO3 conposite nanofibers. The

average fiber dianmeter of PCL nanofibers was 600230

nmwhile that of PCL / CaCO3 conposite nanofi bers was
F.g?@%% QRGWs Ahe FES&:@&@@E% XLJ&? EDBXPndding ro?@éftr/aaacm

mappi ng nposi t e nanofi bers.

composite naeofd)emewhllefthe glement ofe@lmm wag oghrmnmedeCL

v OB AL B ool ABUFE B, BRI oo

nafofitsers (Fighve 58) O, prTeBEnhWéﬁtﬁdm Ithel Hyﬂro;ﬁhllidfity mcrmm@osne
5 nanofi ber construct was npdifi ed air
napefiReraonstructwas modiisdsbyt AlPlasma ﬁ{Gfﬂ!i'm@@t oTa%IPH shows that

OB 6 Bl IRl SRGRAEEh Ao i Wb f ot

POLanariofipers an@AC Qa0 peomphiteOndnidiibeasof | ber s
Bef orel134139 After00*00* Table 1: Surface cont act

ang! e of —PClL _nanofibers and RCOLLCaCOB—copOSHEE 10

o L hade LPLL Ranafibars or |10 ROCACG; haRPHRLES va
trid3efarat]. * reprif#énts that a water di3 gradually
absfesd |i nto t hegresh. Aftegr the conpogete nanofi ber
CONSITUCTS Were subjected to air plasma treatnment for
10 m nut es ost eobl ast seedi ng procedure was

TapiPic%Y o‘P'PGL5n‘éHSﬂEé’r@C‘idd)P@L/GQG@%drﬁposne
q&éﬁ( \i%t? ﬁfggfﬁg%g ‘mfnﬁ%ss 'éFr é%rﬁa eé)tco 9+ ri@presents
o%ﬁ‘ ahl ° e'ng % vvepe seeded onto 4

sanpl es of scaffolds at a density of 25000 cells/cnR.
The seeding tines of the cells were 1, 3 and 5 days.

Aﬁ,ziéﬁ?é{?grgggg mgao@?prfq%lémlsgg g\égrggsnt}bjgcr{ed ) (a)%r'pflaesrr%% 'reatment

for 10 minutes, osteoblast seeding procedure was subsequently conducted on

the functional composite layer side. Human osteoblasts (hnFOB1.19, catalog no:
CRL-11372, ATCC, USA) were cultured on the composite nanofiber constructs.
The cells were seeded onto 4 samples of scaffolds at a density of 25000
cells/cm?. The seeding times of the cells were 1, 3 and 5 days. Figure 6 shows
the cell attachment and proliferation manners observed on the composite
nanofiber constructs. The PCL / CaCO; composite nanofibers were
incorporated with osteoblasts. As seen in Figure 6A, granulates, which imply
the sign of mineralization associated with differentiation, were observed on the
surface of the attached cells. It is therefore likely that composite nanofibers
show better bone formation and osteoconductivity under in vivo conditions.
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20 nanofi ber constructs. The PCL / CaCO3 conposite
nanofi bers were incorporated with osteobl asts. As
seen in Figure 6A, granulates, which inply the sign
of mneralization associated with differentiation,

were observed on the surface of the attached cells.

It is therefore likely that conposite nanofibers show
better bone formation and &% eoconductivity under in
vivo conditions. 29 Exanple 2 Please note that with
reference to this exanple, GBR nenbrane (A) refers to
nanofi ber (A) and GBR nenbrane (B) refers to nanofi ber

Exé@ble 2.1 Fabrication of conposite nano fi brous

cons ruct 5 2.1.1 Electrospinning In this exanple
nposi te nanofi brous constructs we
legg. ﬂQiﬂ-thﬁijiBa[SfQj'Paé? éﬂéhlﬁma;nmgn@%@ %r%Erﬁpe {A) refers to

AT BB M Y byl

w%. The materials used were PCL pellet (W =
2.18Bamﬁopwfma3mSitbrnanoﬂbm¢mmtﬂuch 10 Si ngapore Pte.
Ltd., and CaCO3 nanoparticles (average particle size

21 L?l gm cub| c type) supplied by NanoMaterial s
T Ltd. Singapore. For PCL nanofi bers,
the PCL peIIet was first dissolved in a m xture of

In fhgvekanipie Oé@hgbmwménaﬁwo%s%ﬁmrwts wiere Qfe(étg"netdOby epsilon-
obtain fine fi nor phol ogy, the concentration
polpcaprolacten (Phs naaefioersi and REL/Gag stq%np@w&m%oﬂbers with

o P PR35 R A o T

maiefias isednde s PGLgpehét (Mn =h80,B00) pairdteisedafsfom Sigma-Aldrich
di ssol ved. The concentration of PCL solution was also
Singapoeel Rte. Lise, ang &aGPyRanapatticles (avelagds padiclesize of A0nm,

L A S N AR R S o

mm The feed rate of PCL solution was fixed to
Foil Rt hlnofibérg, thes VPCGIngellguwps fitst digsalvad gh-as odixtage of 75wt%

ch%%&piaﬁ%’ l@é ‘%Nbd ¥ i O obliliaﬂhﬂryeo flbeg morphology, the
'd g3 PLIaEEE

concentration of PCL solution was varied in the range from 3wt% to 7.5wt%.

For PCL / CaCO; composite nanofibers, CaCO3 nanoparticles were first
dissolved in the mixed solvent and subsequently, the PCL pellet was dissolved.
The concentration of PCL solution was also varied in the range from 3wt% to
7.5wt%.

As shown in Figure 1, the prepared PCL solution was placed in a syringe whose
needle inner diameter size was 0.21mm. The feed rate of PCL solution was
fixed to 1.0ml/hour by a syringe pump. Using a high-voltage power supply
(Model: M826, Gamma High-Voltage Research, USA), 20kV voltage was
applied to the needle tip at room temperature and 30%~40% humidity condition.
Electrically charged polymer solution formed a Taylor cone from the tip of the
needle to the ground collector plate with a fixed distance 130mm. During this
process, the solvent evaporated in the air and randomly oriented nanofibrous
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applied to the needle tip at roomtenperature and

30% 40% hum dity condition. Electrically charged

pol ynmer solution forned a Taylor cone fromthe tip of
the 25 needle to the ground collector plate with a
fixed distance 130mm During this process, the

sol vent evaporated in the air and randomy oriented
nanofi brous 30 meshes, whi c3 were fabricated on the
coll ector plate. The fabricated sanples were dried
for one night at roomtenperature under vacuuned
conditions. 2.1.2 Morphol ogy of el ectrospun nanofi bers

meshes! Whfdhuwe R Fsiridats$ onethe &Sﬂébﬁﬁ plateh 1o ehbiichtedl samples
sputter coati n%éand their 5 phol ogy was observed

wermdeed for0ne g abm%mmpefaégwdp'@qrs@wumﬂdo@ndltlons
JSM 5800LV, JEOL Pte., Ltd.). Energy D spersion X-ray

' ted d SEM t
215:%%'? '?’hﬁé%'%@@ﬁg@@%“@ﬁ ngnoggr?ircl es og t he

conposi te nanofi bers. The average di aneter of
Elaitmspunsmnmflbermwmerc:oated; withegeldnisieg sputter aoatingeand their

TGO R ShEETVSR (LURELEE SERRAIE Sleckel MORBsChRS IBEMIdModel
JSRI-586@!\ hJ[]—ﬂﬁAﬁ’te 21 4.3 @bn%?%qa mép‘é‘éﬂﬁr& rEJﬁ?Egﬁg%éwg@ was

were air-plasma treated ectrode |less ra
alsbrcmmientgd ghaev SEMstoheonfisnplhasexistehea of Caldgranoparticles on

PDC- 001, Harrjck ifi USA) . Th
the rpPeste, BReotielzodng pvarfe.amtrie! SReragnil bedgfiers was
deférﬁﬁf%ﬁ by ndisutémenaaPso éﬂglé'n@%&ﬁbéﬂs&ﬁmthe BEM ifage using
di scharge was applied to the sanples fo m nut es

image Bnalysisraofivare (lmage: dprboml la%tttut% @d\f/ealﬂu 44SA).

vacuum ng conditions. 2.1.4 Contact angle neasurenent
I angl e was measured by contact angle
Z'Qﬂ&ﬁﬁag%aﬁ%{i ma 20 XE Video Contact Angle System
Crest Technol ogy Pte Ltd., Singapore). A distilled

Theaiatofiderpwers airplasmaf treatedibyf eleetndde iiésssradio frequency glow
nanofi bers and the neasured angles were ayer

dispBaras MaaMe naleanse (VPASH oRDSE 00 Bla e SOnie Corporation,

USA). The samples were placed on a glass slide and were stably placed in the
chamber of plasma cleaner. Plasma discharge was applied to the samples for
10 minutes with the radio frequency power set as 30W under vacuuming
conditions.

2.1.4 Contact angle measurement

Surface contact angle was measured by contact angle machine (VCA Optima
XE Video Contact Angle System, Crest Technology Pte Ltd., Singapore). A
distilled water drop was put on five different sites of the nanofibers and the
measured angles were averaged.

2.2 Mechanical characterization of nanofibers

The composite nanofibers were carefully cut into the rectangular dimension of
10mm width and 60mm length. Tensile test of the nanofibers was measured by
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The conposite nanofibers were carefully cut into the
rectangul ar dinension of 25 1 Omm wi dth and 60mm

| ength. Tensile test of the nanofibers was nmeasured by
31 Instron 5848 Mcrotester with 10mm mn cross-head
speed with a 40mm gauge Ilength. Tensile stress of
each nmenbrane was cal cul ated on the nom nal cross
sectional area of the tensi®k speci mens (not on total
area of nanofibers). 2.3 Osteoblast proliferation
study 5 2.3.1 Osteobl ast seedi ng Human ost eobl ast
(hFOB1. 19, catal og no: CRL-11372, ATCC, USA) was

Instltdnt 5848IMicrotesteowith o Onamrhinbeross-hBall apeedakith asthmogauge
sanple preparation was conducted as fol |l ows
lengihoFensllesstipsceot aas Maretrans was &a ujgied Afoe nominal cross

se&ﬁdﬂ%ﬂ FEHSF Waert%i% 15b Cmgf‘gnicﬁﬁl o) Wo‘ﬁb@# Fr:k

toget er using e silrcon a heS|ve
one ni ght at room tenperature under vacuuned

2.3 Ostaablastprolifacatiesmstiidiver s on t he coverslips were
accordingly subjected to plasma treatnent for 10

j UL ferred to 24-well culture plates.
zﬂyﬂgﬁ%lsgg%ééﬁ re then sterilized using 70% et hanol
solvent for 60 mnutes under WV light and rinsed 3

Humare sodtolflasts RhEOB 1019, f eataied ime CRBS) 1372, ATCCAPBAP was
were then incubated _in conmpl ete medi um whi ch cont ai ned
cultyneg Qn-ePrapPRsits f‘?@@f'wgl @%’Eﬁ ¢all seqding.sampie prgparation was

coﬁ%@@tfe gFg K g 1:f\la"no]f|beﬁ>3ggfee fg@lil /ﬁf%d (&Y ov]e?sﬁips whose

vine serum o peni Cli |

dirsérnsipn® weren13ram by h8mns and héCedges Wére€Ostucktogethgr using
ost eiobl ast cul ture was | nt ai negbl n conpl ete nedi um

qdlical| gesis éﬂwppuéﬁt??S'Xﬁd %gn?)a%'g i 50% farpperature under
va%rggll?' ?%d[l &hs. S THE' ‘?lahBﬁIS‘er% vb'?slrkt r‘lv%ere Lascordingly

and thi s was ovved
subjectadstoepiasiona treatowerdder 107 Immnutﬂsbmd tvansfesrpdrtdeﬂﬁ-well culture

PIajs o bEEADITBRI% Viere Sarip A TBRO ARG 0% SRR BaFent fr 60
m'@‘éﬁggﬁﬁéfem{ I@Q%d gﬁ%%cf;/gcﬁﬁtbse}hﬁhm@t@%uf@ﬁp r@‘ﬁn@f(PBS)
Theesampiss] were shew aiscubatede im caneplets raedmnhe\uhlchl lcentalned
DuBeddss MRaMEdESgis MEGRNT Niffent Mixture F-12 Ham (DMEM/F12 1:1
mixture: Gibco, USA), 10% fatal calf/bovine serum (FBS) and 1% penicillin-
streptomycin for 12 hours at 34C° and 5% CO,. Primary osteoblast culture was
maintained in complete medium until 80% confluency and was passaged 3
times. Osteoblast cells were then detached with 1% trypsin/EDTA and this was
followed by centrifuge and re-suspension processes. The number of suspended
cells were counted usinga hemocytometer. The cells were seeded onto 4
samples of composite nanofibers at a density of 25000 [cells/cm?]. The seeding
times of cells were 1, 3 and 5 days. At each time, 3 samples were used to
measure the number of attached cells by MTS assay and 1 sample was
chemically treated for SEM observation. For reference purposes, cells were
also seeded to tissue culture polystyrene (TCPS) with the same seeding

conditions.
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chemcally treated for SEM observation. For reference
pur poses, cells were also seeded to tissue culture
pol ystyrene (TCPS) with the same seeding conditions.
32 2.3.2 MIS assay The nunber of viable cells was
measured by MIS assay (Cell Titer 96R Aqueous Assay).
The principle nechanismof this assay is that
metabolically active cell $%eact with a tetrazolium
salt in MIS agent to produce a soluble 5 formazan dye
whi ch can be absorbed at 490nm wavel engt h. Each sanpl e
was rinsed 3 tinmes with PBS, followed by incubation

2.3 MYSVBssdyeagent in serumfree culture mediumfor 3
hours. Ali'quots were then pipetted into 5 wells of a

by S R G 3 7S o e oo
y i.C: T, , .
a5 AL BB e 4R B
active eelteredct withs e tetrazoliunelshltdnt MdSagentrtoipeoduse ahsoluble
e e LTS el 8 0 G EE4S e vas
rin%élﬁjﬁtfﬁﬁes ftfj %,ggﬂi@ﬁegwg&étféﬂoﬁ%ﬁﬁ MTERSagE in serum-free

Sequen ut aral dehyde for 1.5
culherermediafi for 3 hairrs. Aligaotsiweredben ipipattedintt Savellsi of a86-well

wat er ~and then dehydrate ith qgr d rati
culffecpatenand hecabsarbencs s, Sl S e poRREF L s3bhrllen was
m uFBd“lbff?pé‘étFtho’fbMéHbéplaté seatdre(FAsOstae OPTIMAL IBMG lab

exanmet hyldi sil'azane and kept in a funme hood for air
teatinplagies, Beérmbryanpl es were coated with gold using

sputter coating. 20 2.4 Results 2.4.1 Mrphol ogy of

el e spun_nanofi bers The norphol ogy of pol yner
2'%én§H“EQB§eW§%PHfI uenced by various processing

parameters such as: 1) viscosity of polynmer solution
In Spdé 5 BIssbrow the! culeattachnestninaaheponathe catdpositeesandfibers,

chgrﬁ)"l?cl:all ?i?(at\i/grL to? ggl;ls \?v)asfcea(?r?leidngutr grt\ eeag;‘] s%(r)rlmaige ;&fter 1, 3 and 5 days
of culture, a sample was rinsed twice with PBS and subsequently fixed in 2%
glutaraldehyde for 1.5 hours. After that, a sample was rinsed with distilled water
and then dehydrated with graded concentration of ethanol, i.e., 50%, 75%, 95%
and 100% ethano! for 15 minutes each. Finally, a sample was treated with
hexamethyldisilazane and kept in a fume hood for air drying. Dried samples

were coated with gold using sputter coating.
2.4 Results
2.4.1 Morphology of electrospun nanofibers

The morphology of polymer nanofibers is influenced by various processing
parameters such as: 1) viscosity of polymer solution determined by polymer
concentration and additives; 2) applied voltage; 3) feeding rate of polymer
solution; 4) distance between needle tip and collector; 5) needle inner diameter;
and 6) humidity surrounding spinning apparatus. In this study, parameters
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25 solution; 4) distance between needle tip and
collector; 5) needle inner dianmeter; and 6) humdity
surroundi ng spinning apparatus. In this study,
paranmeters 33 except 1) were fixed as follows; 2)

vol tage = 20kV, 3) feeding rate = 1.0m /hour, 4)

di stance = 130mm 5) inner dianmeter = 0.21 nm and 6)
hum dity = 30-40% Vﬁ3003|t%? of pol yner sol ution was
varied by PCL concentration and the anmount of CaC03
nano particles. In terns of PCL nanofibers, fiber
formati on was not 5 observed wth 3wt % PCL

exé;égﬁ q ?? Wer@tfixed -asHonewss 2) voltageas 20k (3) feedirentatat= hOmi/hour,
su

ted in fiber formation wth beads,
4) distnce =7 ASOTTH b )inBel AIaRBI®ITH D Ay, BRE &) hyeaey (-Q%Oé'40%
Figure 7B) was achieved with 7.5w % PCL
V|S%8§|ﬁf§f hgfghﬂéb? soliMorfWas %‘ﬁeﬁ'%PCﬂ' cﬁﬂ%bﬁfraﬂ@ﬁ aP@R8hmount

e noted that b ed nanofi bers
of CaCﬂs nahy paniitlest ko Ieumrofnléehalannilbeﬁﬁ, rfibegtfarmatiam was not

B, ik RS, B A BT oo e Skt

e r f ohgb dinf 0
resz:uz*éms? G| (T phat e SIS TG e

morrpmdogy twithoutdbedrds {sed FFamureaZ:B)B was|c @vaﬂcygwm,agsm%oPCL

cobgB AR SR b0 s BRS¢ 8R0S B P ot

thdt’ebéa&édf ABAbREred r@létn?@,t/ Mecwwlm@chmﬂcéll streagth as
wt % concentrati on %ure 8A). This was, due t

comperad 4o e guiface awee lbgr& ndsathe nRBf Iw83rqqu|'f§sm@ﬁ§amca'

o D ORI Sl B8, i sl Canou

bef aWéd V\Btdgllaﬂy? rﬂ!ieattfﬂdr;ﬂMdgac of \deChﬁJOBa dompBsite rranofibers
(Pgbﬁ%ﬁas JE% 90\&32% irm attachedgg@%ﬂd%m%b%%oﬂber

HIACL, P TRlad e i, SRR, behgsaris wore

faliticatedh cen oPCLIGAC Oy ncompodite enamafibens cwithos8iM% concentration
(FIGHER O 2h1is asglictor SEcasth Trse i PY T 8HaLghes S times the

T i 20, W bt v
in@6a=iED hon 5vids e don+beridedafibars- withtgrenulated surfiase were formed
(Figure 8B). In order to confirm attached granulation on fiber surface, Energy
Disperse X-ray (EDX) mapping was conducted with SEM. While the element of
calcium was not recognized on PCL nanofibers (Figure 5(a)), presence of
calcium was detected in composite nanofibers (Figure 5(b)). Hence, it was
confirmed that granulation existed on nanofibers when added CaCO; nano
particles were added. The average fiber diameter of PCL/CaCO3; composite
nanofibers was 900+450nm. Based on the above-mentioned results,
PCL/CaCO; composite nanofibers with weight ratio of (PCL:CaCO; = 75:25
wt%) was successfully fabricated with 7wt% PCL concentration. The average
fiber diameter was 760+190nm.

2.4.2 Hydrophilicity of nanofibers
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PCL/ CaCO3 conposite nanofibers with weight ratio of
(PCL: CaCO3 = 75:25 w% was successfully fabricated
with 7wt % PCL concentration. The average fi ber

di aneter was 760190nm 2.4.2 Hydrophilicity of

nanofi bers 34 The hydrophilicity of the fabricated PCL
and PCL/ CaCO3 conposite nanofibers were investigated.
Tabl e 1 above shows that 1034 nutes plasma treatnent
remar kably changed the wettability of both PCL and
PCL/ CaCO3 conposite nanofibers. 5 2.4.3 Design of
conposite nanofibers Wth this respect, as seen in

ThE'bﬁ}Hl‘cﬁbtﬂﬂou lykff&hé’%b@eftﬁ& ROIaadi RELICHCOE bemosﬂemnoflbers
mechani cal supported with PCL nanof| hers whi ch

wers fingibgateshsTaldo_b1akavgt Ahows thl d dcRuRPE. PESRA Treatment

rerﬂéllrjfgﬁ ybgﬁarE %%F?%%Lw%g%w&r @ofg{ef’@ p%ﬁﬂgbcﬁﬁl%%%g omposite
nah&fiber§CL: CaCO3 = 10 25:75 wt% + PCL. An equal am)unt

of solution vvas spun in each |ayer of the nanofi ber
construct, 8ur,e 12 shows tensil e behavior of

24(1%1%?95}3?WCBP APt PRROMIRLBof i bers coul d be stretched

at around 200% strain without visible rupture.

Wlh'?‘ﬂﬁé 'r@ﬂféct(é’ﬁ saBA if Pigurer £1 &HBJIEGLRI&G@? RbAfpMRite nanofibers

treatne m nutes and subsequently osteobl ast

wmmmnmuyeﬁ!mp@rtﬁdswtﬂmrl?&lcneloflqesrsmhuch hayeed highar tensile

B3, R B Mo AUFBHE oS P TBRETOL 50 bl .

naklbflBera(dy: NRCRICHCO; (B 5(FBCWt%a OB LS ri’é'ndflf»ewt(% PCL CaCO; =
Absor bance intensity of nanofiber (A was siml

25175, 1%t b AGlat A eavebamayt of soluian sas SpUn R achdayergf the
vl el . %2 el bREAGbPBL e ano e
nahbfibéraseslldl de itré&)héd at arowrl 200%a straimwiithobtwisilile rupture.
ot her two sa seen in Figure 10, ? of'ger,
Nanafibgtsod) snide wate a'ﬂfejsemetﬁtpla ma tpaimes; Ser 10 Fjnittes and
ted th
oo AREE Aot P 0,

2.4 .4 Osteoblast proliferation

Figure 9 shows absorbance intensity at 490nm of TCPS and, nanofiber (A)
(PCL:CaCO; = 75:25 wt%) and nanofiber (B) (PCL:CaCO; = 25:75 wt%).
Absorbance intensity of nanofiber (A) was similar level to that of TCPS and the
values of nanofiber (A) and TCPS increased during 5 days seeding time.
Although absorbance intensity of nanofiber (B) also increased for 5 days, its
value was lower than the other two samples. As seen in Figure 10, nanofiber A
had good osteoblast attachment at 1 day (Figure 10 (a)). The composite nano
fibers incorporated the osteoblast (Figure 10(b)). For 5 days photo seen in
Figure 10(c), granulates were found on the surface of a cell. Similar but much
more granulations were observed in nanofiber (B) (Figures 10 (d) and (f)) at 1
day and 5 day. It was also observed that osteoblast incorporated into the
composite nanofibers (Figure 10 (e)). Although a difference is seen on MTS
assay data between nanofibers (A) and (B), no significant difference of cell



Figure 10(c), granul ates were found on the surface of
a cell. Simlar but nuch 25 nore granul ati ons were
observed in nanofiber (B) (Figures 10 (d) and (f)) at
1 day and 5 day. It was al so observed that osteobl ast
i ncorporated into the conposite nanofibers (Figure 10
(e)). Although a difference is seen on MIS assay data
bet ween nanofibers (A) and 39B), no significant

di fference of cell 35 attachnment was recogni zed under
SEM observation. Therefore, when differentiation of
ost eobl ast proceeds, proliferation rate sinultaneously

attSHMERS QFas HeEERynizdier andedry SEMﬂ pbssvhtion.t yThdrafore, when
because of this osteobl ast certa

diffeterdiatipe ff festeeklast eBrQS?ﬁeﬁﬁno r%'gfat' echs'mnqtea"eous'y
0
g Bt oL S o0 e
dpeﬂyebelb@mmdmbeabf oel|saddfeosmtmecmanunamo;flue] (Bhawhich resulted
nanoflber A) .

osnte nanof,i
in BWRE BSEIbAGR A TROTBE (A). Hesicea et {11V ZAGH KBy nanofiber
(B)IEY "Shdlw Be %r bﬁﬁ‘étfo Ay aRd &T&ocﬁnd‘u@ﬁﬁfy fharCRasOIbEr (A).
sal't "hanopar erein the ratio of polymer to
calciumsalt 5 nanoparticle is between the range of
99:1 and 10: 90 wei ght percent; and - at |east a second
nanofi ber conprising at |east a polyner and at |east a
cal cium salt nanoparticle, wherein the ratio of
pol ynmer to calciumsalt nanoparticle is between the
range of 100:0 and 70: 30 wei ght percent. 2. The
construct according to claiml1, wherein the at | east
first nanofi ber and 10 the at |east second nanofi ber
have a different polyner to calciumsalt nanoparticle
rati o. 3. The construct according to claim1l1, wherein
the at least first nanofiber and the at |east second
nanofi ber have the sanme polynmer to cal ciumsalt
nanoparticle ratio. 15 4. The construct according to
any one of claiml1l to 3, wherein the ratio of
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pol ymer to calciumsalt nanoparticle of the first
nanofi ber is 75:25 weight percent. 5. The construct
according to any one of clainms | to 3, wherein the
ratio of polyner to calciumsalt nanoparticle of the
second nanofiber is 95:5 weight 20 percent. 6. The
construct according to any gne of clains 1 to 3,
wherein the ratio of ponﬁ@r to calciumsalt
nanoparticle of the second nanofiber is 100: 0 wei ght
percent. 37 7. The construct according to any one of
clains 1 to 6, wherein the average dianeter of the at
Claiggst first nanofiber is smaller than the average
ranmeter of the at |east second nanofiber. 8. The
construct according to any one .of clains 1 to 7,

- \ﬁh@ﬁ@PﬂS'tQ]@a%@f'bQ!é'ﬁnsfrPPfs OMBi${A%of i ber and t he at

Ieast second nanofi ber formone structure. 9. The

%Ha%?hﬂ%%%ﬂd?ﬂbe?%o?ﬁﬂn@ﬁ@ Af leabBlampolynier and at least a

wher i n east first nanofiber forns a fir
caloiumusalt arahapasticle, vhereins $we atia apbmobener ¢o n%alalum salt

senaprriEis scpawsrnd rANE S Jort e 10 5PERUn 65 Apng

construct according to any one of clains 1 to 9,

wharighst & hRcbhdstandtideeicobprisiiyrat wasta polgoierzard at keast a
intertwi ned. 11. The construct accor d% ng.to a

ciiom 59K ramapaidee Wharels dhe Jatior af bl Jycralcsn sat
he @%ﬁf‘cﬁ%glﬁtﬁi‘e@ﬂrtﬂér}gr&é’ of 140 d’?o%b%@Ethé&eﬁf-

secon ructures are
| ayers. 13. The conposite nanoflber i mpl ant accordi ng

. ITheabanstnect alccotdingdo tldim 12wherdie tiee @t ﬂmtﬁwstymofibgr and

a bi oabsor babl e pol nt .accordin
a*h? afhdeast $8GQ Y\nﬁbq@llwameq eqllhn? ;bcgy er 10; gglc}u?n salt
S..p% ? % the group consisting of:
ol ycaprol act one, pol yet hyl ene oxi de,
. The construct according to claim 1, wherein the at least first nanofiber and

the at least second nanofiber have the same polymer to calcium sait

nanoparticle ratio.

. The construct according to any one of claim 1 to 3, wherein the ratio of
polymer to calcium salt nanoparticle of the first nanofiber is 75:25 weight

percent.

. The construct according to any one of claims 1 to 3, wherein the ratio of
polymer to calcium salt nanoparticle of the second nanofiber is 95:5 weight

percent.

. The construct according to any one of claims 1 to 3, wherein the ratio of
polymer to calcium salt nanoparticle of the second nanofiber is 100:0 weight
percent.



10

15

20

25

20 poly-L-lactic acid, polygyycolide,
pol y(DL-1actide), poly(L-lactide), polydi oxanone,
chitin, collagen in its native or cross-linked form
pol y(gl utam c-co-1eucine), poly-lactic-glycolide acid,
poly(L-1actic acid- caprol actone) copol yner and
bl ends, copol yners and tergolyners thereof. 15. The
construct according to any bne of clains 1 to 14,
wherein the polymer is 25 s-polycaprol actone. 38 16.
The construct according to any one of clainms 1 to 15,
wherein the at |east one calciumsalt nanoparticle is
7. FRbasomRtutt astdrdingtoapy anesoftlaims df to 6¢ atheireim the average

carbonate, calciumsul phate, cal ci ym phospha .
Hipmeleg b e ableashirst EAPIDRLE TAel el B0 e prags: giameter
t I ohi ny one of clains 1 to 16,
&ﬁﬂ}%eéﬁgéﬁg%ngi %&f@g t is calciumcarbonate. 18.
The construct according to any one of clainms 1 to 17,
8. Whercinstrubtaceordinguotanyfane abelairasiite Je wheseindhe at fgast first

19. Th di ' | h
sanotibarand etk east sapnerenonbey Rt o stlEhfer o

ost eobl asts, endothelial cells, snooth nmuscle cells,

. iRt asécHaINgetol any emB b claims dtter, edrsin the at least first
9 gﬁgﬁ?ﬁi%l asts, fi brocytyes, fibrobl as

chaonfibercfaras. a fiust strctarenard doe ak tgﬁséﬁgrf]‘_ad‘%{}ﬂﬁb&ﬁé°fms a
%%ﬁﬁéﬁ{sﬁﬁgélrégaﬁ gvh‘@?&hecha f{r&%r‘r‘d’géééﬁbcgtruétﬁr@are in contact

construct according to any one of
ifh é&chlother20, wherein the construct is surface
functionalized. 22. The construct according to claim

1035ie bonurt Shserdie (o350 abenth i L8 B b the s
THHRApL! nd3BEbARRanGATS drShtortuifed=t hod 20 -
I g the steps of: - preparing at |east a first

nanof i ber conprising at |east a polynmer and at,
11.The construct according to any one of claims 8 to 10, wherein the structure

is a layer.

12.The construct according to any one of claims 9 to 11, wherein the first and

second structures are layers.

13.The composite nanofiber implant according to any one of claims 1 to 12,

wherein the polymer is a bioabsorbable polymer.

14.The implant according to any one of claims 1 to 13, wherein the polymer is
selected from the group consisting of: polycaprolactone, polyethylene oxide,
poly-L-lactic  acid,  polygyycolide, poly(DL-lactide),  poly(L-lactide),
polydioxanone, chitin, collagen in its native or cross-linked form,
poly(glutamic-co-leucine), poly-lactic-glycolide acid, poly(L-lactic acid-
caprolactone) copolymer and blends, copolymers and terpolymers thereof.

15.The construct according to any one of claims 1 to 14, wherein the polymer is

g-polycaprolactone.
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| east a calciumsalt nanoparticle, wherein the ratio
of polynmer to calciumsalt nanoparticles is between
the range of 99:1 and 10: 90 wei ght percent; -
preparing at |east a second nanofi ber conprising at

| east a polynmer and at 25 |east a calciumsalt
nanoparticles, wherein the ratio of polyner to cal ci um
39 salt nanoparticle is befeen the range of 100:0 and
70: 30 wei ght percent; and - preparing a conposite
nanofi ber construct by contacting the first nanofi ber
with the second nanofiber. 5 24. The nethod accordi ng

16. TRe QoRsfrueBacadrding 1o aing oat dfeclaimd flrtot 15 ambéreire theaati least

the at | east second napofi ber ha t he,, same_or
ane fealeinm ;s@ity RRROPFYTIC 1% selecied %f%”an%‘&aﬂ{?‘tﬁ Sonsisting of.

?%cnumecﬁsbﬁgt‘e AQUM %Gldh%té7| BhlBiuAs ;ﬂ’fos%até/\hﬁy(ﬁbﬁyapaﬂte

rat polynmer to 'calciumsalt nanoparticle of
thd o ¢ombinatiopthdreof.i s 75: 25 wei ght percent. 10 26.
The nethod according to claim23 or claim 24, wherein

th ti f I t I l,t je .
17.7he <sisyiat AEFELro pbY BB SR for 5, RGIS thp hlcium

g};&ﬁgoga@ﬁ,ﬁ%gmw,a{@ claim 23 or claim24, wherein the

ratio of polymer to calciumsalt nanopartlcle of t he

second nanofi ber is 100:0 melght percen% E
18. r'memmxs&rucbaawgllrtgot%my ene ajclaims; 1o 38, w e'zeif,' e construct

n di aneter of the at |least first
:ﬁ@ﬁb G&é‘f’&%se C‘%%an the average di aneter of the
at | east second nanofl ber. 29. The net hod accordin
19 dhe corstiuict ateonding?® ¢lainzd 8, wherain the isellaare salecte from the

idﬁéiété‘q‘i‘r%?{sdnge%‘s‘fw@e B MBS, RS " BlusCly el
%ﬂibé?ha;l Xt ¢ bAR sfem a8, chdhdrobRits, fibrocytes,
nano orns a rst tructure and the at | east

Eﬂb@@tﬁldsﬂsmmmfdrboytas a second structure, and wherein
the first and second structures are in contact with

ZOCTt'fﬁhﬁgrtlsgngt @cggrdlw] &c?gm %?ﬁa cﬁéiﬂ{éqg tb 392 Whe?&if tAE construct

is an implant.

21.The construct according to any one of claims 1 to 20, wherein the construct

is surface functionalized.

22 The construct according to claim 21, wherein the construct is surface

functionalized by plasma treatment.

23.A method of preparing a composite nanofiber construct, the method

comprising the steps of:

- preparing at least a first nanofiber comprising at least a polymer and at
least a calcium salt nanoparticle, wherein the ratio of polymer to calcium salt
nanoparticles is between the range of 99:1 and 10:90 weight percent;

- preparing at least a second nanofiber comprising at least a polymer and at
least a calcium salt nanoparticles, wherein the ratio of polymer to calcium
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nanofi ber and second nanofi ber are intertw ned. 40 32.
The nmet hod according to any one of clains 23 to 31,
wherein the structure(s) is a layer. 33. The nethod
according to claim30 or claim31, wherein the first
and second structures are |layers. 5 34. The net hod
according to any one of claims 23 to 33, wherein the
polyner is a bioabsorbabl %ol yner. 35. The net hod
according to any one of clainms 23 to 34, wherein the
polymer is selected fromthe group consisting of:

pol ycaprol act one, pol yethyl ene oxide, poly-L-lactic

a8t hand P'aktﬁﬁfé’ s betlgerPthe/ (algd at100€) and 70:30 weight percent;
pol y(L-lactide), 10 polydi oxanone, chitin, collagen in
iand native or cross-linked form

poI y(glutam c-co-Ileucine), poly-lactic-glycolide acid,

%? |ﬂgt LC 3R snt%aWaﬂbﬁS%Pr&)ns%E@Weéorﬂﬁé‘tin the first
56. The

pol ymer's and terpol yners thereof
nmdnfm)eamthrtuem@cbndmay\oﬁber of clains 23 to 35,
wherein the polynmer is E-polycaprolactone. 15 37. The

t hod accordin ' . .
24 @e}pq ac g%rdngJfﬂ c@irptaéﬁ avﬁlg%rghrfmgg?fésatsg él? bqanaoflber and
ftﬁ?”&tt lé%sﬂfs‘é%néoﬁ‘én@ﬁbe'ﬂ%é\fe tiven| sainven araa bdiffatent polymer to
cium sul phate, cal ci um phosphate or hydroxyapatite.

:mlcmmesaltmampaaw@rraﬁlm to any one of clainms 23 to
37, wherein the calcium salt nanoparticle is calcium

rbon e d 0 i
25 e G o ing TR 2 Cor CIMRGn, MR pBhmer to
Riatdiavineshitvarisbdintide ofitise first sahbfiber is 75&5/migrmpn¢rcent
mxing the resulting mxture with the first polymar

obtaining. a first fZglvent m xt.ure;

ZGnH]ﬂ)meﬂéQd ?gcg,dgpga alaiy 2340 ¢lg! "&gﬁm rglgetpetrgf’g bt polymer
S ec o%ﬁ arr‘@clé lo¢ tﬁé§%dl@néﬂdﬁﬂé’?¢s 955 WweidBt percent.

ta| ning a second 25 solvent mxture.

27. The method according to claim 23 or claim 24, wherein the ratio of polymer
to calcium salt nanoparticle of the second nanofiber is 100:0 weight percent.

28. The method according to any one of claims 23 to 27, wherein the average
diameter of the at least first nanofiber is smaller than the average diameter
of the at least second nanofiber.

29.The method according to any one of claims 23 to 28, wherein the at least

first nanofiber and the at least second nanofiber form one structure.

30.The method according to any one of claims 23 to 28, wherein the at least
first nanofiber forms a first structure and the at least second nanofiber forms
a second structure, and wherein the first and second structures are in

contact with each other.

31.The method according to any one of claims 23 to 30, wherein the first
nanofiber and second nanofiber are intertwined.
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40. The nethod according to any one of clains 23 to
38, wherein the first nanofiber is prepared by addi ng
calciumsalt to a solvent and m xing the resulting
m xture with the first polynmer obtaining a first
solvent m xture; and the second nanofiber is prepared
by addi ng the second polyner to a solvent 5 obtaining
a second solvent mixture. 49. The nethod according to
claim39 or claim40, wherein the first and second
sol vent m xtures conprise nethanol and/or chloroform
42. The nmethod according to any one of clains 39 to
yn g ¥ afp! ¥ea1t oficiditwse 2B3s tor 8Y) denereim the
32'?g?m Féggtaféetggidgf i%r)s? 3ﬁanofi ber and the second 10
stlictarg(shisxa layeri s provided to formthe at | east
second nanofi ber. 43. The nethod according to any one
cl aj, s, 39 j f 4 o g nd
33.3he ToBltER AR indio SR 74 O el 31 oo MR rstatit o
stritturéd afiRlygrs. and wherein the at |east first
nanofi ber and the at | east second nanofi ber are

intertwi ned. 15 44. Th t hod. di ' .
34 5hei metnosl 2esaiding faaiy ona AL 23 tRcisy WBrAip g Rpher s
t mxt I ded
oo ek T heat Teast frst

nanof i ber and the at |east second nanofiber are :
35 Shgamethod accordimgriocanyeene abclaims 234pmdd Whersindhg palyner is

an ne_of clains 23 t s ' t i
Aol 30 o S ety o BEhEHEATETE! POferflone ovice
Lfy-E988td UCheid46- prlygy e agaty(DLAgctide)c| aipolybslactide),

rein the step of surface_ functiopalizing the
mohdioxaronies oitiil, asiedageratfe s, naiveTHRr nefosgdinked form,
according.to any.one of ki . . cwh i L
oA S B, Hontl iR, “Bistssipide aod
Cctfagz?élééﬁne‘)\ﬁcbbo%{ér%n&ﬂeﬁ&s,ﬂupoty&hémcbmttempdyn@rs thereof.

[

m 47, wherein cell is selected fromthe group
consi sting of: osteobl asts, .endot ' cells :
36nThe meteed ReCOrding: knamy RAF s el el @%%m?}&m R er is
Ce%gl%agr%%c%r?gl asts, fibrocytes,

37.The method according to any one of claims 23 to 36, wherein the calcium
salt nanoparticle is selected from the group consisting of: calcium carbonate,
calcium sulphate, calcium phosphate or hydroxyapatite.

38.The method according to any one of claims 23 to 37, wherein the calcium

salt nanopatrticle is calcium carbonate.

39.The method according to any one of claims 23 to 38, wherein the first
nanofiber is prepared by adding calcium salt to a solvent and mixing the
resulting mixture with the first polymer obtaining a first solvent mixture; and
the second nanofiber is prepared by adding calcium sait to a solvent and
mixing the resulted mixture with the second polymer obtaining a second

solvent mixture.
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fi broblasts and chondrocytes. 5 49. The net hod
according to any one of clains 23 to 48, wherein the
construct is an inplant. 50. A kit conprising a
conposi te nanofi ber construct conprising: - at |east a
first nanofiber conprising a polyner and cal cium salt
nanoparticles, wherein the ratio of polyner to cal ci um
salt nanoparticle is 10 bét'ween the range of 99:1 and
10: 90 wei ght percent; and - at |east a second
nanof i ber conprising a polynmer and cal ci um salt
nanoparticles, wherein the ratio of polyner to cal ci um

40 JHet niRe® adddotdingi o ah?tdmrcbftdlamsmgetd)BB;L%éreﬁndwe first
70: 30 wei ght percent. 51. The kit according to cl
s@nofiper is Rrepased:by agdingr F?'§tun?1z§ﬁ§fq0b§rs Yﬁﬂtt@{@a Mmixing the

%%?lyﬁﬁi iRt Wit HE firsP bl A)glﬂé/reoﬁt Hﬁ‘lrgf savghlf Erl_'nh‘i‘og@r@, and

( 0 calcrumsalt opar rati o
khé second dangdfibber islprepared by actdhag rﬂn6$ecmhdape|ymerhe a solvent

average dianeter of  the at least first nanofiber is
mm&\gqﬁﬁ?P’iqﬁﬁc"X?BV&'Bgur&'aneter of the at | east
second nanofi ber. 20 53. A nethod of cosnetic surgery

41 I Theemetd e aEcordfiPid Shing 3ohst élélﬁ’P40f whefgth qm rfm atrmesecond

construct according to any one of claims 1
ﬁmdyemmmre&com@nag nneihanai andfar cl\ﬂmqf@lm the met hod
of cosmetic surgery conprises periodontal surgery.

42.The method according to any one of claims 39 to 41, wherein the first
solvent mixture is provided to form the at least first nanofiber and the second
solvent mixture is provided to form the at least second nanofiber.

43.The method according to any one of claims 39 to 42, wherein the first
solvent mixture and second solvent mixture are provided simultaneously,
and wherein the at least first nanofiber and the at least second nanofiber are
intertwined.

44 . The method according to any one of claims 39 to 43, wherein the first
solvent mixture and the second solvent mixture are provided consecutively,
and wherein the at least first nanofiber and the at least second nanofiber are
separate from each other.

45.The method according to any one of claims 23 to 44, wherein the method
further comprises the step of surface functionalizing the construct.

46.The method according to claim 45, wherein the step of surface
functionalizing the construct is by plasma treatment.

47.The method according to any one of claims 23 to 46, wherein the method
further comprises the step of seeding the construct with cells.
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48.The method according to claim 47, wherein cell is selected from the group
consisting of. osteoblasts, endothelial cells, smooth muscle cells,
mesenchymal stem cells, embryonic stem cells, chondroblasts, fibrocytes,
fibroblasts and chondrocytes.

5 49.The method according to any one of claims 23 to 48, wherein the construct

is an implant.
50. A kit comprising a composite nanofiber construct comprising:

- at least a first nanofiber comprising a polymer and calcium salt
nanoparticles, wherein the ratio of polymer to calcium salt nanoparticle is
10 between the range of 99:1 and 10:90 weight percent; and

- at least a second nanofiber comprising a polymer and calcium sait
nanoparticles, wherein the ratio of polymer to calcium salt nanoparticle is
between the range of 100:0 and 70:30 weight percent.

51.The kit according to claim 50, wherein the at least first nanofiber and the at
15 least second nanofiber have the same or a different polymer to calcium salt
nanopatrticle ratio.

52.The kit according to claim 50 or claim 51, wherein the average diameter of
the at least first nanofiber is smaller than the average diameter of the at
least second nanofiber.

20 53. A method of cosmetic surgery in a subject, comprising the step of

implanting the construct according to any one of claims 1 to 22.

54.The method according to claim 53, wherein the method of cosmetic surgery
comprises periodontal surgery.



