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1121222 verer rrerr rerer e vl IIII III'
*166166* 1 Nanofi ber construct and neth
preparing thereof Cross-Reference to ﬁmwmw“lmmm
Application This application clains the
U.S. Provisional Application No. -5 60/636, 8&d¢*fil ed
on Decenber 15, 2004, the eqtlrety of the contents of
whi ch are hereby incorporated by reference herein.
Field of the invention The present invention relates
to a nanofi ber construct and nethod of preparing the
sane. 10 Background of the |nvent|on Different types -
of pol yn# £ gitnuet anch one i panhc
been recently prepared by eIectrosprnnrng nmet hod. As
co pa ed to the conventional polymer fibers with

2 elat QICHIS have a high surface
area-to 15 volune ratio. Hence, el ectrospun nanofibers

Thuapra@pncétﬁamaérsmb@tw ettt bRl yi g rsr%\//f%'i&lar Application No.
engi neering applications, such as tissu
60/5@@@&%: &lied;nnglhemheroné,, 2004,cthgnentirety ahthe‘ ccbmﬂgats ofiwhich
|l ecul es. The interaction between
areﬂgenré ?)?g@%?e%bgge ?:?rrd? ﬁ"ér ation cells, Tike
human ost eobl asts, snooth nuscle cells, rresenchyrral
Fieki efthedhVentiomd chondrocytes 20 have been i nvesti gat ed
and the feasibility of nanoneter scale polyner fibers
hs tis scaf fol ds have been studi ed. However
F&ﬁ?@? %ﬁ'&rﬂefe ﬁ%r‘%?dwn@'h%tconﬂﬁ@ctoaﬂqmreaa@@pf preparing
thevéyn‘ié! encourages cell attachment and growth. It is
known that hunman osteobl asts cannot attach to
hydr ophobi ¢ surfaces whereas endothelial cells can
t c'I11 to,.h dro 10bi ¢ surfaces. 25 Fujihara et al.,

ti onal SAMPE Synposi um and
Exhi bition, 2003, p.1213-6, disclosed the preparation

Ba

Diffefergutyped @bpeltheﬁbé@t WilR &#dtheter scale diameter have been

recently prepared by electrospinning method. As compared to the conventional
polymer fibers with micrometer scale, nanofibers have a high surface area-to-
volume ratio. Hence, electrospun nanofibers appear to have better potential in
several bioengineering applications, such as tissue regeneration, biosensors,

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, nahometer 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 earbonate nanofibers
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menbr anes fabricated by pol ycaprol actone and cal ci um
carbonate nanofibers 11111111 111/ PR T0ELEE LT
Freer e/ 1/ *000002* 2 with PLC to cal ci um
carbonate 90:10 wt% rati o. They observed that cal ci um
rich nmenbranes were preferred in vivo conditions as
t hey enhance osteoconductivity of bone defects.
However, they al so found th&t the tensile property of
t hese menbranes decreased with the increase of anmpunts
of 5 cal cium carbonate particles. Accordingly, these
menbranes were not suitable for inplant uses as they

witta Pé.Cnectaiciuoucanponate S0 A0l wt% Aatimr Theygblyseraéd tioatgtalicium rich

rior art teaches, el ectr.ospinning of. . pol yner _
meﬁ%ﬁ??%er‘g‘?rettpéégr st'd gV'NQedg?%d'Fg'B?iyc%ﬁe theyp| enhance -

ostEStOHRICtivRRAdrRe Bafkts bRbwvevd t Malealds fodRal thak dfe tensile
for tissue engineering. In particular, there is a neeg

propgrty r efatReserpembmnes sieepersac witn ¢he bnoeaseenbramesnts of

calfifl o SRRAR: PahIce T PRSI By Rissd s ifanR aredih ttavi

for anplachuses astiey greomidehanicatipnebsetie Sunmary of the

i nvention The present invention addresses the problens
in particular, 15 provides a new conposite

bq) ( |
AcSRIdnEIY %%@89& PRRY A {§ache h SIEHOSpINGNG: oh poiyreer sangfibers,

thef@BRisfS hee A6 .‘?%lgriic%e Statle fgoﬂ)érﬁeraé&ﬁﬂ)%gr Hﬁn@ﬁlfé'g (r:éﬁJ itable as

I nvention provides a conpo nano constr
scaftolqy fos itisgue engineeciagt Imparticatarnthecd isc@ needpcreategnproved

L LT R T —

moddfichtion 350 BBplidation imBlisRR BRYNBEAnG e WY el atBithinent and
and 10: 90 weil ght percent; and - at |east a second

grondin ére pehag rising at |least a polynmer and at |east a
cal cium salt nanoparticle, wherein the ratio of

SuRRhATR the if@hfibH™ sal t

The present invention addresses the problems above, and in particular,

provides a new composite nanofiber construct and method of producing the
said construct.

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 at least a
calcium salt nanoparticle, wherein the ratio of poiymer 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.
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25 nanoparticle may be between the range of 100:0 and
70: 30 weight percent. 3 The at |east first nanofi ber
and the at |east second nanofi ber nmay have the sane
pol ymer to calciumsalt nanoparticle ratio, or the at
| east first nanofiber and the at |east second
nanof i ber may have a di fferﬁnt pol ynmer to cal cium salt
nanoparticle ratio. AccordiHg to a particul ar aspect,
the at | east second 5 nanofiber has a different
pol ynmer to calciumsalt nanoparticle ratio fromthe at
| east first nanofiber. In particular, the at | east

The @t deastnfirsbhabefibenand thieghtieaspsegord nanafidesi may Sadve the

| e t t th rst. .nano er.
sarfg PREEH TR Balclin S GaoParylatalibu br dhe GRSt Renefiver
and g at lehst b@c@nd haasfibér maly haven®bifkeentBylylfer 48:cakiym salt
and the polyner to cal cium salt nanoparti clye ratio o?

nangpartigle atatl%aépcgr@m don &n partiriiam@spset, 9thes, atgmast osecond

o3PS LR b Lo A EHLGo RSP avd Bl o

leastafirst lriaabflbéra\da meamretnwbyrl@asttséc@ﬁacmaﬁaf&@rthas a higher
e ratio. For exanple, the ymer to

articl
PO'Qfggg %PLC&W %?Ahaaapwr@p@ F%ttq BW%V‘%@P I@Sizélrs/@ajmflber For
BWm t k
Agf:ﬂg% |se Pﬁ?moék’fygj slg'ﬁhn!aﬁeﬁéongb Ywnaoil}lzt |eb%tr Ieast first
nariafiben mey bﬁuﬁjpcﬁ& and tivd pbbrmer‘ltbe:ammpcsratlt mmftq:farb@le rﬁﬁcyof the

o GO EH S A 3 v 40P 5, b ot
parhé@ﬁ?%sﬁéctcﬁ%é gyt flrst ﬁ@ﬁéﬂt@r%o‘ &eaQPFe'?:E'E s@EBﬁ&%a{\oﬂber

support nanofi ber does not conprise cal clum
haVAacthﬁ gamg polyamern tecalciyacsalt triaeopaetrcdaegeaub.aﬁet @xanfple, the

th
polfitpr & eaBH snit PRboRIBRIS Biia ma¥ el 5 25 heoafPrestt
second nanofiber. In particular, the average dianeter

Theffirshaaatfiberat s Knowraraef iﬂhﬂjtlohéllﬁt‘ﬁ'deﬁ‘fof”bbﬁnThBesecond
di aneter of the at | east second nanofi ber.

aver age

nangliber B KROWE S FURRRIt FTADEHRRTo ] heeSURROrhNaNAfPer may comprise
: r RE) h t

cal LSS ok {5 asfel RE upbiTRe B 609 comprises

smalhreohobeds . oQSra@eiseoﬁaJalmaﬂnysalt.hAcabrdnegiStb anothler aspect, the

nanof i tructyre (for exanple, a
SU&HO&QWPQ?&P&F%%Qﬁdiqqqﬁgn}ﬁ”ﬁeequ?lugb%ﬁd nanof i ber may

forma second structure (for
According to another aspect, the average diameter of the at least first nanofiber

may be the same as or different from the average diameter of the at least
second nanofiber. In particular, the average diameter of the at least first

nanofiber is smaller than the average diameter of the at least second nanofiber.

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
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exanpl e, a second | ayer), and wherein the first and
second structures may be 4 in contact with each other
to formthe construct. In particular, the first
nanofi ber and second nanofi ber may be intertw ned.
Accordingly, the structure may be a | ayer, or the
structure may be such that the first and second
structures are | ayers. Accoﬂding to one aspect, the
construct 5 according to the invention conprises at
| east a layer conprising functionalised (first)
_hanofiber(s) supported by at |east a support |ayer
in eantact w,ltmgashl mbioert to fosmcthedjonstruet. ilheyartigulaitke fiektianofiber
t he, functionalised nanofiber(s)

a“‘igac%’tfi)%?? ﬁﬁt?}'l?@r't’ge)ﬂ“él?%dconbl ned to forma single

| ayer. For exanple, the functionalised nanofi ber(s)

Aceardirgipnhe tstrﬁh%ﬂﬂélrﬁéy be)a Riyerdedel dtRiknlie may bhe such that the

sinul taneously to forman intertw ned | ayer
f"séé‘ﬁgtﬁetf@l“da%téwtblrﬁﬁgat% layess. Aesasdirigoto ane aspept,ithe construct

g Rl Sk B48 015 SO B g FlBRbsea

(firsty crmmblflbgr(tsp subportedeby iatrleastar sgssort h&/érséorﬁbn@ﬁwg support
Ieaé)tJ r(])ne é/q%rrer Accordingly, a mxture of polymners
e

(seqgy PEFYRNG nigy “BBoWeL 5 a5peabs Sheafinctionalised
nanﬁ&itﬁé‘?@? anﬁh& hoﬁ@é(r(()%)ear%e&?r% %ldftro rﬁwh ée.gr{)qil)éjgaé/er For

consi sti ng ycapr act one yet
exayople; the bmctlonahsedi namofibey (=) dnuoaappombrhafr(dﬂbér@walréiGbposned

L-l.acti ol ydi.oxanp tin, collage
S'”ﬁﬁ?ﬁ%i’ usly, oy gm?‘?]éﬁ\ Jﬁeﬁwm’ﬁdo?ayﬁro?@ﬂ Fomsifict according to the
invertioH ﬁia&kﬁiﬁﬁn@ﬂcﬁé%ﬂ?bneﬂﬁ%&d Fégéf c-glycolide acid,
pol y(L-lT'actic aci d-caprol actone copol ymer and bl ends,

copol ynmers and 20 terpolyners thereof In particular,

The nRanfibeRs). iseivensompdris(®) acenstaict(Ehe implaot,| béresc)l method
ac GO T Gk, ST 4 AAPHEOL 8 BRE. poymer

~ Acadrdimigly, easﬂnnduxe ©al polymessiirhay B¢ amed. Mhe . pdifher trﬁé}ﬂ be a

|umsalt or a mxture of calciumsalts my

| bloagé%r% LI & PRIYpeESERE PolvmReH Ma beﬁﬁie@tsﬂdrqmwtb%gfoumwmﬁstmg

of: SSbIZE&ﬁf@Id‘dtgﬁ%,ci oIt uylgné%%a'és' @&gr@l (e %g{dg' Bolvayycolide,

car bonat e : ate, cal osp
polh@k ta»cjndp)at pols'(L-Iactqdab,t polydioxanbhe, amitin, usolRjeln efther .in its
al cium car boq ke. Ho vetr, . . . . .
native form or&rosiid ed, pol\g\/?glu amic-co-leucine), poly-lactic-glycolide acid,
poly(L-lactic acid-caprolactone) copolymer and blends, copolymers and

terpolymers thereof. In particular, the polymer is e-polycaprolactone.

The n'anofiber(s), solvent mixture(s), construct(s), implant, kit and method
according to the invention comprises the use of at least one calcium salt.
Accordingly, more than one calcium salt or a mixture of calcium salts may be
used in the present invention. The calcium 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.
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nore than one type of calciumsalt or a m xture
thereof nmay be used. 5 The construct may further
conprise seeded cells. The cells may be selected from
the group consisting of osteoblasts, endothelia
cells, smooth nuscle cells, nesenchymal stemcells,
enbryoni c stemcells, chondgrobl asts, fibrocytes,
fi broblasts and chondrocyte5. In particular, the cells
are .human osteoblasts. 5 According to a further
-aspect the construct is an inplant or a scaffold. The
resent invention also relates to the
The GRBSTesiamey JLTBeT epmpiiser seedes celisrmKee cells Juay diel selected

o5 AR SN LT, RO cHIE PESUR TR o

meﬁenctHymalastmnt celtsheembnﬁirﬁcucmer’f&}bellbe cﬁh@hﬁ%tﬂasts flbrocytes
func t he construct may

For
fior Qe S BhGoEY el PENCHIRT o, PR 4P drumary bakablasts.
pl asma treatnment. The construct may al so be surface

Acéd#@ﬁb't@réafdrﬁ\%@' aBYedt BR B&Qﬂfct\f@éﬁ'lﬁﬂg ﬁtﬂg?)r ‘éﬁ}%ﬁ‘fb\‘ﬂ?t in

sodi Um hydr oxi de solution. In parti
construct is surface functionalized by plasnma
The p@?ﬁ'ﬂétﬁvenﬂ@ﬁ(ﬁl%ﬂ rejates to Nbe furctiomalizaticmoi wancfibers to make

SRy DB AR RIS A 0 AR e

englrmaaiﬁg Ofhetrefore Cascordigl todh hetheRithetnub pice)| thEchﬁ{s'tr‘Elﬁt may
and by creatllﬂg a suitable construct the mechani cal :

be sﬁll"'&'iﬁﬁ hugetiomalizegn st piicexaranlepe thep peanstiugt emay be surface
funEt?dﬂaql?Eg H)ppg?ﬁ{ertq? pgrgrﬁj)ﬂggp%ﬁ% trégﬁgé’@tgi%g%construct may

nventT on art 0S€ES
alsé blerswéaoawmm:aonéilzlw by didpisgidnabivashing thé &oastruct in sodium

sts, This invention_ discloses
hy‘ﬁ%’f ﬂ8d§g]UF'°"f 'E)ri?%‘?lﬂ?'ah fa/nsEUFt d8 sutiager fungtiopalizad by
pla$thadrta’dapl € and/ or bi oabsorbable polymer conposite
nanofi bers. In particular, the construct according to

the invention may have at | east the foll ow ng
Accgridingly dhe present lmagenttcrreats@np@yiotasOthreoﬂabncammetbod and/or

sun‘%{é Bﬁlcétlgrﬁl%&ggm&@@,&? @%ﬂobg?rt &frl;g ' i altpké) ntfcm;_\enhances

celimacthehineat mfdngﬂbtmem@ncérm vah@:féétﬁab aPEARSHIE| 8SnKAILt the
be adjusted in endently by el ectrospi nning, surface
mechamcal strength of the construct can be appropriately tailored to meet the

intended use.

The present invention, in particular, discloses a method of fabricating nanofibers
suitable for use as scaffold for osteoblasts. This invention discloses methods of
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 attaéhmeht 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.
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functionalization and the addition of filler particles
or nanoparticles such as calciumsalt nanoparticles.
6 Accordingly, there is also provided a nethod of
preparing the conposite nanofiber construct according
to any aspect of the invention, the nethod conprising
the steps of: - preparing at, | east a first nanofi ber
conprising at |least a polynmer and at 5 least a
cal cium salt nanoparticle, wherein the ratio of
pol ymer to calciumsalt nanoparticle is between the
range of 99:1 and 10: 90 wei ght percent; - preparing at
Acqasdinglya thegenig nmopurwde@oapmemb ot pl‘%mgaﬂpe)lgomposne

nar?d? .e?t Odds‘:tﬁﬁ ?cc%?dlﬁg aFHc 4 ggﬁgﬁp ﬁgttb% aﬁvev\?grﬁ e'gr'?e t M&thod

corbpmmagmé la'&epsacrfge of 100:0 and 70: 30 wei ght percent;
and 10 - preparing a corrp03|te nanof i ber construct by
cont act i n%tthe first, nanofiber w.th the second

FABPAE SISt 2 T3t AAMRINGSCromRSIBe 3hriepsh 8c@ymer and at
fsklt AGcAsiuhPSait nénéé‘éﬁlbmrémttﬁe%kd %ﬂEBI n??rst@ SHGhm salt

and m xing the resulting mxture wt
hangpaicle/isdietwebn dheirangenof B9 dtarbll 090t weight pesentnd
the second nanofiber may be prepared by 15 adding at

a8 385 ob e B8 8o Ao

‘Dﬁﬁlamalﬁum salc ﬁadoﬁ@ﬂt%l%nwrféréhtthé ratuJ Be peRAREto calcium salt
nanofi ber may al so be prepared @g the second

pangrarticleyispetyspn dhe rargept A0 OaafBbZ@ weight percent; and
m xture. In the |latter case, no calciumsalt is added

it-mﬂieeESn Xt rfipogife ﬁgﬁ r%%tru&!{@\?ypggﬁ@%ﬂngfthé 'ﬂfst napofiber

tion may conprl se e ste repari
switlv the secortidinangfilera second sol vent m xture. The
solvent of first and second solvent m xtures may be

T A T T R
a éch@erﬁt ah@agiixifg ced réanthd heixties withdtid afteast 2fﬁst polymer

ynmer_to cal ciumsalt nanoparticle ratio fromthe at
obtpgygg affirst3$olﬁgm,tdmp6@r,e and the second nanofiber may be prepared by

adding at least a calcium salt to at least a solvent and mixing the resulted
mixture with the at least second polymer obtaining a second solvent mixture.
The second nanofiber may also be prepared by adding the second polymer to a
solvent to obtain a second solvent mixture. In the latter case, no calcium salt is

added to the mixture.

Accordingly, the method of the invention may combrise 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 chloroform. 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 polymér to calcium salt

nanoparticle ratio than the at least first nanofiber. For example, the polymer to
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particular, the at |east second nanofi ber has a higher
pol ynmer to calciumsalt nanoparticle ratio than the
at least first nanofiber. For exanple, the polyner to
7 calciumsalt nanoparticle ratio of the at | east
first nanofiber may be 75:25 and the polyner to
calciumsalt nanoparticle rgtio of the at |east second
nanofi ber nay be 100:0. Actording to another
particul ar aspect, the at |east first nanofi ber and
the at | east second nanofi ber have the sanme polyner to
calciumsalt 5 nanoparticle ratio. For exanple, the
calgiomysalt naoopaiticleuratwadt theaableast ficstevaratfiber nmany bber5:25 and

75:,2 { t the ra
the g331e) 4 BolouBiAi dapePerhiBieoiali e 6 RL SPrgt nanofiber
mai deof OCb@fAd:@oraﬁ\th’@ ARIBBE pAtICaRRaspbbt, IR bt asBfirst haﬁoflber
‘ratio ymer to calciumsalt nanoparticle of

and; dhe it heaﬁgﬁeﬁendu Rafibervpayshithe mamenmolymeentowgaleuunm salt

ra AR Bl 3Pl R, oo BT 4 LA 38 v

mapdeCERR5 veight ﬂel‘tganﬁ Olrﬁﬁ@rﬁlbararaﬁieetdho 6fh;§bl estto calcium salt
sol vent m xt provided to form e at | east

nanqRagicie, ghthe ﬁeﬁ nenaflp%lss@aﬁaveemt\mmem An pediqwsr, the ratio
hee r
of BAIPHERTS saRiurh ¥l hfoRrtRAsH E°Eebnd RARMDE 1 95;5 weight
percent. aEverantoréi it padicafarpethe t8tioragf hmlyﬂmer samacaielum salt
di fferen fromt ave ter f the at | east
nanopagiicle gmﬁ?%“e?" ﬁ"‘bfi\t?qq ﬂparBEW?@ REETe di ameter
of the at least first nanofiber is smaller than the
Accﬁ‘)t@h?% shotnet aspedt, the first dohast reiREREdnaR M bkﬁlrded to form
The first solvent m xture and second sol vent m xt
therafylegst fiysbonaetbersand the secard woluenh mibkture tray de pr@asied to
i at | east second 20 nanofi ber
forértfééitat[égjr&?fsb%@d ﬂ%ﬁ?éﬁ%at ively, the first sol vent
m xture and second solvent m xture may be provi ded

Accxndimgrtbiaidtlyem&paﬁtt@ne avenage dissneter offitiie thizaat first @aabfiber
first, nanofi ber t he | east second .nanofi ber are

may b the 5% Ao 6 FITTEERL drom samreeﬁaqham%r pf tae at least
secHdv pBhofbert Uhe p@ﬁ%u%cotﬂg §9e|}é‘§€t dfntbid ? % b% |east first:

provided to formthe af [east frrst nano
nangfibes isssmaliecthanrthe @évienage dizsnetes pbthe atdegst seco_nd 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 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,
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The nethod of the invention may further conprise the
- step of seeding the construct with cells. The cells
may be sel ected fromthe group consisting of
ost eobl asts, endothelial cells, smooth nuscle cells,
mesenchymal stemcells, 8 enbryonic stemcells,
chondrobl asts, fibrocytes, Eibroblasts and
chondrocytes. |In particulaP, the cells are human
ost-eobl asts. The nmethod of the invention may further
conprise the step of surface functionalizing the
construct. The step of surface functionalising my
embryopid stem Sefis| gendrgbkasts, fibranytesy fiptoddasis tanelacmandrocytes.
Th ep. of surface functignaljzing my also conprise
In P&@%ﬁ%@%%&‘*@%éfﬁ ﬁﬂ”ﬁﬁ‘eo%%ﬁ@?? ct in sodi um hydroxi de
solution. In particular, the step of surface

Thé unethicenalfi sheginoentivn Seay PFaser cohftiseBtiie OdtepN®f surface
construct. O her known net hods of surface

funeiipnalizingaiheze@nsdruct sTihe ster of surfape funetinnadisingf mageomprise

ol PR PRI S BRECTRESIAY oy hActonatn

may helsefcomeprise fdibwingaand rwastihg thendérstrutirih agedium hydroxide
nmodi fj cati,on, of polyner _conposite nanofi ber ]
solutifs ¢ Iy particplarg tE? eRedf stHacediunstionalising segnrises plasma

*tred%ﬁfae?ﬂ”oﬁtthérb stridet.y 'Eﬁhe?’ RhU\gv:n?Rlegr% gf égﬂa%% léll.l ifctionalization

particles such as calciums
suitablenfor ghe pofpedescof theppresenpinvehtionl asendisor eicompagsed by the
alr-pla 15 treatnent to enhance the hydrophilicity
°°”&F’“E€ﬁ‘b§f§? ﬂéeﬁhaﬂa? HRE Pressnt fiNEIHON. ' Addi tionally,

nanofi bers constructs are formed by el ectrospi nni ng

‘Thérefore! a0fabricatibAs ngéthbanahidis %Lﬂatceermédiﬂéﬁﬂéﬂe&u?g\rrymer

or sequentially in layers. In the conposite nanofi|
corppesiter qranofibge %FPQ%W.L{%GS) dfdPERigedi tTihen reethede coppsises the

ib | i f - -

B8RS P S AL Efed g Bl SAERRTEL 20 %5 cum s
particlbe{] tinmwrtm:ipiféj ustmbtfdspinmn@%mn'gdﬂjd fatnﬁeﬂ&fbratilwh air-plasma

not her type o onposi te panofi ber construct, the
tfe%m‘?ét@r eﬁﬁa"%n@@gﬁ‘vﬂm [city o §E rOmpRSiter NARAtPeHEPNSkUCts.

Ad&i Ghalriofi t | '

ABEARA ek LB, o A0S T ARSI LCLRERbI ] B o more
types dofadanofiberss eithet multaneeusly oor \seguebtallymin dapgensenh the

to t.pose o{. ordin rlX skI%II i n Ehe aét upon.revi ew
composite” nanofiber constrdct, the diameter and composition of one type of
nanofiber may be adjusted for cell attachment and growth while the diameter
and composition of the other may be adjusted for mechanical strength. In
another type of composite nanofiber construct, 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
cbmposite nanofibers are suitable for use .as bone graft substitutes. The

addition of calcium salt nanoparticles enhances the osteoconductive property of
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eniRtat, Sraroass Teaay

25 of the description of specific enbodi nents of the

invention. Calciumsalt nanoparticles are added to

the solvent m xture to result in conposite nanofibers

to enhance cell attachnent, in particul ar osteobl ast

attachment. Such conposite nanofibers are suitable

for use as bone graft substitutes. The addition of

cal cium salt nanoparticles gnhances t he

ost eoconducti ve property of 9 the nanofi bers.

Furt hernore, human osteobl asts prefer a calciumrich

envi ronnent. Conposite nanofi bers enbedded with

the calaniofibesh o Spinthieemossy hmhanc estexdblasts t pedfeent asadcium  rich

si des. nano er scC I%FL%ger con tructs,

dl '@nfa urﬂ aPRPsRiate can
en Ha%c@fcé?laét?é‘@iﬂﬁént%ddl[ﬁl%ﬁﬁnBésfd%s F?fa‘?%?ﬁeﬁepgéélﬁrﬂb‘é@'cbnstructs

fiber interaction ere Is also provided
funetionsalizetien t(aerfa@ﬁnstrmcmjflcaifort)heofprnwmftbarmvemt |0<f)n paramount

e aBromiels pelbr M Eeracidl ) rer and at | cast a

cal cium salt nanoparticle, wherein the ratio of

Therel iy miso providdd a kit comhprisid tive copstridt of ¢he @résﬁmmntlon In
t he raEgMQ 1 and 10:90 wei ght percent; and - at

parfigilaf, t P¥#Rf%of i ber conprising at |east a pol yner
and at least a calciumsalt nanoparticle, wherein the

rabi gedt ﬁcﬁr&TﬁénB é‘fal:&‘ng'irgﬁf? 56 Ié%é?mm ge{rﬁére a'n%i at least a

bet ween the range 100: perc
Teadcikim sadtc oadoparticte, t Wheiein ethei catioref falymeerto calcmm salt

2’8%%4?359"83%@%%&? ; '{?g\rﬁ’&‘? } @éi}@@&ﬁé@@/ﬁment; and

i nplant according to the invention. The present

L ratgehétoa éé&hhmaﬁvfi@ét%ﬁw@mg Redefdt 4 PBRIMAMAENd at least a
fractured bone arrent s) in a subject, conprisi ngu i
um sa

pﬁtcl@nega%fn%rmrgara el yhersinhe ngatiohef palwner rtecca
H&%opgﬁfc‘f‘é‘kb We 'tﬁefraﬁg B'FﬁoBfoeéﬁé‘bo'a'bV\ﬁefg'h?ﬁofélegg.rS

provides a ne Icati'ng conposite
constructs for use as tissue engineering scaffold
Theukit/ accarding toothe inehlien snay fipthesi cognprise fnstiuctiong) for use(s)

andc’/to?%sp:plication(s) of the construct, scaffold and/or implant 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 providés 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;
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a) dispersing particles of calciumsalt in a sol vent;
b) adding a polyner to the resultant m xture from (a) -
and agitating until the 25 polyner is conpletely

di ssolved; 10 <c) the resultant polyner solution
containing calciumsalt particles of (b) is dispensed
t hrough one or nore outletﬁ fromone or nore

di spensers at a predetern1Red rate under controlled
hum dity and at a predeterm ned height separating the
sai d discharge outlets froma collector plate; 5 d) a
voltage is applied between the | owest point of the

dl dhereeultanicpalymes|sodutiosy centaining wakoiwpysalppertisias eh(b) is

ol TR bR o Fibfel Allest by b FEimork Gpbiiers ata

solpredetereindd irag Uﬁdéhfcont}en@dsIﬁumdltpfar@rﬂmsIpTr@determlned
nanofi bers on the collector plate. 10 The

net hod
f urhaight separating the %'ﬂ@'ﬁﬁha\r ge oytiels mgpl{e@tor plate;
nanofi ber constructs sufficient for all the sol vent
V, tR. [ t I
P (BB - e BoHan e ottt oL of R0 S T cond
polaattector ptatepol yner nmy be sel ected from | act one,
pol yet hyl ene oxi de, poly-L-lactic acid, poly-lactic-

wnlobE Rl i BARR S Sy SRR TE] RO e

eloAgatichy) ang aith REhuREANEdusOBRasdralion &f thal solventsisuiting in the
selected fromthe follow ng: cal cium carbonate,

depagitianueh eampesitenanefibers om thReoiReioe plte.
hydr oxyapatite. The nanoparticles of calciumsalt is
Thé’%éé\’ﬁsa fértﬁ‘e?? AL LOGry I}[Q bl §alhaéd¥ﬁ§6s|fél ggﬂéﬂi%} ?om?ructs
sai d solvent nay vary’ i conposition Trom
sufficienefdr atithersafiwenhto Zﬁraﬂndaté ke gbiveptiscamixtuwre hfiraxhloroform

and SpelnAep’ FHBeralE BENEHI e i HhSoRa IS Lkl el TS Polymer

'ma¥ﬁfe)’sélé8t%1fgorhQactéﬂegf)@l?éthw{é ekidé hﬁol?f!_ I&cﬁ@'a\éﬁi“poly lactic-

he mass of polycaprol actone may vary from wei ght
glypalideeacid tamd4m Inéli-dpmticranid ercapralpetodies pepelymern step
(c) is any container with one or nore outlets and

Fum&{ e‘tihg said calcium salt is any suitable combination of one or more
calcium salt selected from the following: calcium carbonate, calcium sulphate,
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 welght 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
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particular, the dispenser is a syringe connected to a
hypodermi ¢ needl e. The hypoderm c needle may be a #27
gauge. The nethod may further conprise a di spenser
controller for 11 controlling the dispensing of the
resultant m xture of step 8&3. The di spensing rate
may be between 0.1 m to 1 per outl et per hour. The
predet erm ned hei ght separating the discharge outlets
fromthe collector plate may vary from1l mmto 1
meter. There may be nultiple dispensers 5 connecting

contrellingrigeotispensing efl thesrespliaphetixtue of stars flenskhe dispensing

rate hﬁag%%bt?e Innedq téquilp%? oﬁgétlﬁ’% li&?r mxture from

cul'ar, "one di spenser
di spenses bi oabsor babl e pol yner w thout calciumsalt.
TheT peedatéimidedelyeifybt sbpara'tlngl theedisbieargieeputhdts afrompthasaaliector

treat ment th osi te nanofi bers. The net hod
plate, My vagy tffﬁ%msﬁ ?‘P slrﬁ?‘ieﬁgafn e cRyobet Bultjple dispensers

conﬂaemgstts_r§né no,amlugh.ﬁgdf«,utp fNealhl ﬁsBéné&aﬁ’l{ ag Yispense

use. Brief descript |gures are
diffeieotsormulatiens rozﬁstbennmhlgeabpm steps(f Ipgaytierar, one or more

nanofibers with |spenser a out | et 15 Fi gure 1
d'sRﬁseéﬁ&%"éﬁsb %%%%069 %@l“awﬁﬁa rtealghmpss!
nanofi bers with two d| spensers and outl ets. F| gure 2

Thehavthod hydy lfasBér ShEIUGs Une @fepcmﬁ'élﬁsﬁ@n%'ahﬁént of the
construct. = Figure 3 shows air-plasma treatnent of

congpesitesianofipensf [ e metbad comprisesithe step of stasing thEmomposite
nan(o%éFH‘in o%%téog&‘tué\ﬂ ﬁﬁfﬂﬁﬁgcgéggﬁcgrrl?&r aphs of (a) 20

05|te nanofi constru I'si'ng PCL and (b)
con‘posn te conposite nanofibers conprising PCL /
CaC33. Figure 5 shows EDX (Energy Disperse X-ray)
mappi ng of (a) conposite nanofiber construct

ri.sji.n nd (b) conposite nanofibers conprising
BJM&IL%EM@&C@ = 25 : 75). 12

Figure 1 (a) shows an electrospinning apparatus of poiymer nanofibers 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 compdsite nanofiber bohétructs.

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

Figure 5 shows EDX (Energy Disperse X-ray) mapping of (a) composite |
nanofiber construct comprising PCL and (b) composite nanofibers comprising
PCL / CaCO3; (PCL : CaCO3 =25 75).
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Fi gure 6 shows osteobl ast attachnment manner on

conposi te nanofi ber scaffolds. Figure 7 shows SEM

phot ographs of PCL nanofi bers made of (A) PCL 5 wei ght

percent solution and (B) PCL 7.5 wei ght percent

solution. 5 Figure 8 shows SEM phot ographs of

PCL/ CaCO3 nanofi bers (PCL:F% [ CaCO3 = 25:75) nmade of

(A) PCL 3 weight percent solution and (B) PCL 5 wei ght

percent solution. Figure 9 shows the absorbance

intensity at 490 nmof TCPS and the construct agai nst

seeding time. 10 Figure 10 shows osteobl ast attachnent
Figumenrfer slows hesteohiast uattacirngot emannehoos gompositay @anofiber
scaifé[ cture of the construct to avoid rupture during

"seedi ng procedure. Two different conposite

nanofi bers (i.e. GBR nenbrane (A) PCL: CaCO3 = 75:25 '
Figared7 eBBwsESENapteotoGaphelof RCOhanofiBers/madesf¢Ap Petlabadeight

for t eobl ast &ilng 15 Figure 12 shows the tensile
pergem@ugqr} an (Ehﬁ wrigbt pg@en( BplulioNsi bl e rupture

was not recogni zed at 200% apparent strain. Detail ed

| Fig@@? _rsihBngﬁll'iFgf ?@:?@Pt: c b P@LT@&Cmq{ﬁo?lﬁnge{eF‘élbffClgg‘éC%

I bli ogra I's hereln i'ncorporat
= 251 r made. o\(BPRGING weightf persenhspiution ahe (B) 36ht5 weight
vent i on provi des a conposite nanofiber construct

n
perggwpsrql % 13 - at least a first nanofi ber
conprising at |east a polynmer and cal ci um salt

Fignen9 phiowsCthe, atydirbghde imMeéngift 40490 np® by TOPS ena&hélcdnstruct
salt nanoparticle is between the range of 99:1 and

agajustapeingieper cent; and at |east a second nanofi ber
conprising at |east a.polynmer and calcium 5 salt

Figgge{‘?@%&v%'&t éteétfb%\'ﬁ?eﬁt%b %f oR e/ E!E@stﬁl%éfg' ;ingm

Nanopart e I'S between rang
70: 30 melght percent.
Figure 11 shows a two-layer structure of the construct to avoid rupture during

cell seeding procedure. Two different composite nanofibers (i.e. GBR
membrane (A) PCL:CaCO; = 75:25 and GBR membrane (B) PCL:CaCO; =
25:75) were prepared for osteoblast seeding.

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:
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It wll be evident to a skilled person that the at

| east first nanofiber and the at |east second

nanofi ber are distinguishable fromeach other. For
exanple, the at |least first nanofiber and the at

| east second nanofi ber may have different 10 physi cal
and/ or chem cal characteristjics. The physical and/or
chem cal characteristic may include, but is not
limted to, polyner to calciumsalt nanoparticle
rati o, diameter, surface functionalization treatnent
and treatnent to adapt the nanofiber to a particular
{ uradtieast. a Kisstotanafiber repynprising ias dedst e pslymergamd catcium sait

o B GEarlhOBT P Yoo BIED b BorbBRte
fi hrtweeAnigs ranyelof@Btiednd 1 0D0LReIIM pOrcERBhdm
preferably from 200 nmto 1500 nm According to a

paratileastad sespadtnanaiibes conapyising Atdeast afpolymaer and calcium

a t he
s eorinioidy Fherdif the . af, BCBLYHRE, 3PY lit® sa
t henaswpartiolé s befwdenethet rahgef 19H8c® add T@BY ieédht peicent.
part| cular, the average dianeter of the at |east fi rst
1t B REEn B A s draa thaf i Pl BT and e a
Ieaﬁasf&fohﬁq{armfi%?é?@H)étth?ﬁlsﬁBble?‘ffSﬁP@é’chdbﬁ tI‘3t5r Q@%‘tg@%nthe at

nm nore preferab bet ween

 leastnfirsinoanafiver nand: tbeeaéﬂmtysecmd ananbﬁbetmmayt have different

oL SHARl: R BB e e, R, %8 chemica

chatagtefistRe rmay einenafe, ybtmasS af'ibta‘ﬁﬁﬁ Raetsli pERSEr st &‘ﬁ@i‘i‘tm salt
10 and 1000 nm nore Ere erably between 20 and

nangpartigiel ratiendigpretenraf fLy‘lCtlQ()ellzailomdmeaﬂnentland treatment

to ot i hahoridd1 3o aVsARERI A Gl 1S about 300 nm rore

npar |cu io of polynmer to
cal ciumsalt nanoparticle of the at |east first
NamafibeTs beay ocmmphise bﬁbeveerar@ng mOdilaﬁtéé: fBﬂnZthbr@xmately 1
0:80, 75:25 tP 25:7 70: 30 t o7 60: 40 and
nanegaig dAmorigy” Telefariol SabEImalel 18008 W Joi RRttieuep the
fi | &nis did TRRAr10 Gng tof1 ! F |
Ibqu.rghglwél grlttmgt(;?cent Mor et(|9n 0T|t(3)|£15rgtr|ﬁ clu efgﬂﬂﬂ;{e fgﬁﬁ ZQI?JOnm to
1508 npol yner to cal ciumsalt nanoparticle of the first
nanofi ber is 75:25.

According to a particular aspect, the average diameter of the section(s) of the at

least first nanofiber may be the same as or different from the average diameter

of the section(s) of the at least second nanofiber. In particular, the aVé:réQé"-' o

diameter of the at least first nanofiber is smaller than the average diameter of
the at least second nanofiber. The at least first nanofiber preferably has an
average diameter between 10 and 1000 nm, more preferably between 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.
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The ratio of polyner to calciumsalt nanoparticle of
the at | east 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 polyner to cal cium
salt nanoparticle of the second nanofiber is 95:5

wei ght percent. Mrre in pargjcular, the ratio of 10
pol ymer to cal ciumsalt nanoparticle of the second
nanofi ber is 100:0 weight percent. According to a
particul ar aspect the at | east second nanofiber has a
differ mer, to calciumsalt. nanoparticle ratio

The rafig ¢ eoa(ﬂ%ffe sealeium salt rapgsicle of the attleast tiist napefiber
ma;?'bel t?élﬁfeeﬁ%@ﬁ‘%”@“@é §¢boh82Ps ! ﬁ??‘é 825+ 9E! 7 @ 0 to 30:70,

cal ciumsalt 15 nanoparticle rafi'o e at
60:40 rand 48r6dY iobehQ: 5Goin @aatiquliar, thaeragiol gﬁ‘rpblyhmer tmlcalcwm salt

nangBasidte of tiaudsh benbfiberadi0;A0 welit BieentnMarhan partiwiar. the
ratib &f ﬁéw&%ﬁlélumpﬁéﬁéﬁérﬁclb"ﬁf'tﬁe Wsttrp&o%be} f2P5:25.

secon nanof i ber 100: 0 wei ght percent
According to another particul ar aspect, the at | east
The iratie ehamelyaer tanealchin agalt e'sagtopgetuztmofnawauoéeastas@ond

0 A Ugy $a thele
naﬁd?lpe?%q%orb%eggtquoéry %Ped g% | ?%% tﬂ gﬁwp@iﬁp to 85:15 or
85:mano88:20.dh eartitular, thy rhto %pﬁ@m tohdal@iart €8t nahBparticle of

particul ar, the at |east first nanofiber and the at

-thel%"ds@@&?lfbbq{aﬁo%@ewem&erﬁﬁ@ JMate pyiparieulap the ratio of

poI@ﬁbF'té"@aﬁ?ﬁ'\ Qﬂf“?ﬁﬂbfnbﬁlc?e tth selbh tlj?fncﬁ}b%rrqgeloog) weight

anet e e at [east |rs nanofi ber and
percenstst second nanofi ber are different. For 25 exanple,
the ratio of polyner to calciumsalt nanoparti cle in
east,. first an

Acqatiing s, £ FETITURE PP tehaT IHast S85PNF I TAroTbAE B! B At erent

polymef RO raaxdinmt 4y rRihopartivie Iratid hﬁbrﬁ\tﬁéaﬁeleébﬁ'ﬁ%t%aﬁgﬂber In
the at least 15 second nanofiber-is approxi mtely 300

parfigylantaeaat leagt seserdmanatiner haera highevinmymartnsalcium salt
nar RO b i 0BT YA ol LlatPldhe poymer o

caltieassalt ranmphrticleattib&f theat feastficst ﬁanaflb@ﬁmm)eOT’S PBeaveight
| east first nanofi ber a(ﬂté forma first structure

t
pergﬁat anethe pelymer tg calciymealanaianasticlaggtio of fieatleashsecond
nardfibef hdyPoe A MIRiGht berBent. Wck8idiAGth another particular aspect,

_the at least first nanofiber and the at least. second nanofiber have the same
.20 - ) _b__olyr_nef_-to ‘calcium salt nanoparticle ratio. For example, the polymer to calcium -

- salt nanoparticle ratio hay be 75:25 weight percent.

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
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second structures nmay be in contact with each other.

In particular, the first nanofiber and second

nanof i ber may be intertwined. The structure nay be a

| ayer, or the structure may be such that the first and

second structures are separate |layers. According to

one aspect, the construct 1%0 according to the

i nvention conprises at |east a |ayer conprising

functionalised (first) nanofiber(s) supported by at

| east a support |ayer conprising support (second)

nanofi ber(s). Accordi ng to another aspect,
secmﬁcmarmfmrslédapnm@na%é\f 300 apy Ihepet ﬂeaﬁérﬁﬁqoaér panpofiber

profiis PR SopbRATo e %B%an i e B my e

are deposited 15 sinultaneously to forman intertw ned
The ay deast Tirst oanefibelrcanddheraii legst setbmd rianméibe'r omayr&yrm one

stru&gung oﬁgggr s Eﬁgt rgqr}re%f Irsr”r?zlqﬁgl %g? );Iﬁ%tr tprﬁf).nseandr the aYt least

secORb efrafsfiber! Ayt RmdrP WeceRASEtRldthER, CAnd whereln the first and
pol ycaprol actone, . polyethylene oxi de, poly-L-lactic

secaoﬁdstnpziw;ﬁgym beein p@mty(:t)mmhaeachlegther In particular, the first
e e o R

pol y( gl utam c-co- | euci ne), poI y- lactic- gI ycol i de

Theistrdctuﬁ@|nyé9-ﬂeaatlayerawrdhé aprudhwe! mag) be epeh thar thenfirst and
bl ends, copolynmers and terpolyners thereof. In

seconft SIRISNUES ATRLSeRATAIRE IaveEs ACIRIHGaly ShaASBREL the construct
acédﬁéf}ﬁg% trérﬁfv i&rﬁ‘%r‘?\ nQ?é éer i ﬁ?‘ér 438 nssrtﬂ fd?\%flogallsed

east I rst n secon

(flrst)armahobber(sr)apupponedsw tatléeastpa sifpparb Iaydrycrmnpmmg support
ners.., The gr esen

(sefpith” prariArinetty nap g 1 AT - ASAERar Ine.| inctionalised
narfsHifef(s§ @nﬁrﬁﬁﬁdi?nﬂﬁéﬁﬁér&qr&bsédrﬁﬁméﬁ to%@khi 4'8ingle layer. For

car bonat e, calciumsul phate, cal cium phosphate Sor
exampleotheafomctionalises panafibenish@ndiswppest anafibes(s) aresdeposited

simifieftf o GREN Mot Biyer: e SRl SRR to the
inveRtisl mkgrcomprisdmore themehe DEcaldiapenof i ber may

corrprlse one type of <calciumsalt or a mxture of two
nore calciumsalts. The construct my furthe

Th%cwamgren@aela%@ biaabsorbahle @&Mr@eha'ﬂh%éob’él‘%cméu be selected
from the group consisting of: polycaprolactone, polyethylene oxide, poly L- Iactlc-

acid, polygyycolide, poly(DL-lactide), poly(L- Iactlde) polydloxanone chitin,
20

collagen either in its native form or cross-linked, poly(glutamic-co-leucine), poly-

~ lactic-glycolide acid, poly(L-lactic acid-caprolactone) copolymer and blends,

copolymers and terpolymers thereof. In particulér, the polymer is ¢-

polycaprolactone However, any suitable polymer may be used. Further, the at

N least first nanoflber and the at Ieast second nanoflber 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
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5 fromthe group consisting of osteobl asts,
endot helial cells, smooth nuscle cells, mesenchynal
stemcells, enbryonic stemcells, chondrobl asts,
fibrocytes, fibroblasts and chondrocytes. In
particular, the cells are human osteobl asts. However,
any suitable cell may be used. Further, the construct
may conprise nore than oné ype of cell. 10 Accor di ng
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, tissue
carbongtaedtawryerpbany syitable calsitmt sale naayd ber uped.i bddhernlthe at

et RS TATIER ant e o 100 SE bl DarRrBE BEy Fhrt one bype of
caldeVvgalt 6r & nsikiuré of e bF Bibré BaAidigmusatst he construct.

For exanple, the 15 construct nmay be used in, but not
limted to, non-therapeutic and/or cosnetic

The, 6PN RY JUFbEE ComRrise; §e¢¢ﬁ§b|°?li$1tﬂﬁ%rceﬁ$u m#pbenpelected
froﬁﬂ?gg @8{1&3%9 g’{:@teoﬁ ek &l dfl %Ellsaré‘ijno oth muscle cells,

I on eol n gra lon refers’to

meséreshytiad| stdmndellsg embaydrionstear |caslllst cchbhdrabjaﬂap efirbeytes,
ter enin

bone w t a Iae fibrous- tissue.
fioronAstsnand) Hipidordess I Y e vell 3R Pl osteoblasts.
f | h i
Holgier, a?’?e%“'@b?éféﬂcf@%?ﬁ.’%? ef“%“‘“é S BpRLct iRl Hiorise
moege thamnmeatylpwl ofteellsust ain cell growh and proli feratl on
over its surface while maintaining the cellular

not F t | ast t.h h t i nclud
ACKIBRLI 8. Bler SRR Sontili RS WiRp iR f8fola. The
corfeYilicheRayp - beNQIs@B' in Qatieedlapplicatiohs iifdludifg PBUE it ! Ihited to,
I nportant for porous |rrgl ants that require 25 bone

tissuggeRANACHR., B‘P’éﬁ)@r" af§ ﬁ@ﬁuﬁe ang/ %[dfé%ﬂ%ioé‘t%luﬁelg&@@r%ﬁ%h The

corstiucP B HhRIysed For2HGh th&ApelifiP! Ay Dfc BirBoses. It
|oco%§{| e andsebl ocr;l %%8 g\gcord&ng@%&

wolildrbdr&nowsrtecd skillea pprmehbvw towese themcmstnmct eﬁmtaeample the
the functionali zatlon of nén%(gfl bers to nak

consifuch Y P§r USRS LYY RRf M ft?op%'”é?@p?&“c @Pﬁ’é‘?r cosmetic

periRintaRbuASEs s I¥'|§~°1 o@&%‘t rl%?réﬁ‘gmg-g?ﬁrt%f Béecaé&ﬂe of both

present |1 nventl on des a surface functionali sed
ostsoimtégration Bod @tanq:ﬂnﬂuctme Gstemmiagtatmyretms te wlireatehemical -

boq#ﬁézﬁsl éed rngtonheysurfa ftblorﬁg rpln?ervenlng Iayer of .

. fibrous tissue. This bonding is referred to as _t_he implant-bone interface. A

primary problem with skeletal implants is mobility. Osteoconduction refers to the
ability of a biomaterial to sustain cell growth and proliferation over its surface

while maintaining the cellular phenotype. For osteoblasts, the phenotype

_includes mineralization, collagen production, and protein synthesis. Normal

“osteoblast function 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
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construct may al so be surface functionalized by

di ppi ng and washing the 5 construct in sodium

hydr oxi de solution. In particular, the construct is

surface functionalized by plasma treatnent.

Hydr ophobicity of material is al so necessary for cel

attachnent and proliferatHgn. Plasma treatnent is a

useful nethod to nodify the surface- chem ca

structure of polyners and its nost apparent effect is

nodi fied 10 wettability. According to Liston et al,

Pl asma surface nodification of polyners for inproved
other rappligations dnj tissua QQQW%QW"QWS%?TW,B\hQ\Idtfﬁéen‘an%\éﬁntlon

I - : . lLcale gr Lngle
prof8s 2F 21 BAES 15 RIRBIRS SRETHT el ekaRble LRt may be
surfaeet dgictongliged Lioe sélyder Gelftingdivedybonplaschagitmdtimept The

pol ymer surfaces with hydroxyl groups prepared by .
conghitet MapAlso rasfacs fyunctigralised éwoﬁﬁwngaa%q waghing the

_ ) . b | N erAcL] _

conSFUe T Sodl Y LIS Solfiforl \hCAAEEUE, B KBARnuct is qurface

funetienadizedrbytgiasmbytoradeagint. gr oups are nmai nly produced on
the surface of polyners and this surface nodification

HydipERbRly' Be' BE dRedith RGPS . i dcgment and
profiftratfon. 2P14sAiY afdataieglt cisaBauysfus rﬁeﬂfo@p&@rmaﬂtih% surface-

wettability of a surface by measuring the surface N
chenaigal @itrusture b1 RRlMens opn@t ittatmpsts appaeentaefieat tin enodified

wet RS ARSI ¢ Hiftp, AT FladBR “Urke LBERpr e Brdymers
for imprd\eid BBhEsiohes dritieal review, 1004aVSH BheNettidrrls, plasma-

nol ecul es. Any suitable nethod may be used for
progisednaky ehemicahgseyrs infireasesheguriaee, energy pfeeelymer and
dedr@é{?é‘tihoéhrﬂc%og&gl%\ﬁ | [r&% hQdalofcdl SBRESRD LA growth on

conposi te nanofi ber cofistruct of the present
polymeensirtacest mgthmitytloakyt ogrpupsi pgpardet Byt epateof vapgdir plasma

tre%%@%f brl]cggg ; Tsagfﬁpa’laﬁiﬁég—gb(a nlg\f/i %%f%?@%iiﬁtie?gct%n between

plagﬁﬁoll%ﬂifie@' ﬁelklﬂf'f‘é?é 8ha dvagy tall behabiole!lyWas shwrainalt Wikiroxyl
salt nanoparticle is between the range of 99:1 and

groupsoerenanainty peodused on the surface of polymers and -this -surface

‘modification resulted in the decrease of surface contact angle which led to good

- adhesion and growing manners of cells.

Confact angle' analysis characterises the wettability of a surface by measuring ‘
the surface tension of a solvent droplet at its ‘interface with a homogenous
surface. In more technical terms, contact angle m'e_ésqf_e_s the- attraction or
repulsion those droplet molecules experience. towér_ds the é’urfé_ce 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:
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- preparing at |east a second nanofiber conprising at
| east a polyner and at 5 least a calciumsalt
nanoparticle, wherein the ratio of polymer to cal cium
salt nanoparticle is between the range of 100:0 and
70: 30 wei ght percent; and - preparing a conposite
nanof i ber construct by cong$cting the first nanofi ber
“with the second nanofi ber. The nmethod according to the
i nvention may further conprise the step of 10
preparing a first solvent m xture and a second sol vent
m xture. The first solvent mxture nmay be used to
ppEgraring at least|afisst nancfiben noonprising @tideastca ualymer and at

Ee%sﬁﬁ%aﬁ%ﬁ“%&gﬁ%%ﬁ?' - Bfrelelnh € B f BEBlarE 2alcium sai

AhXbpErtislenB HedRaD tise rafjdeh®d: 1aimd 00:90hWeihAT péfdent;
Hovvever the conposition of the solvent m xtures may

varg/ suit the needs of 15 the present invention.

FBF @zmpatéeaam sgRend napaiibars/BRIisNg Gt lgasichBrlmer@nd at
e r

B R AR B0 oF by tpicBli sai

appodparditieds between tioe cargesof €30:0Gp08:i30aseif§ht pacent; and

and Technol ogy, 2003, 63:2223-2253, may be used.

According to a t her ect ratio of polyner to.
carepaiEaceniarisnanete sonsuctin SprtBcfing B3 i aehStiver
G PsdopmABfibdro 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 polynmer to calciumsalt
Ehan@wm AsFerding ttaethe r'BYemmom%rUﬁbeV@OWTWeﬂ e step of

prepgﬁﬁg'étﬁrs@&o?ﬁph?xth% Qﬁ{i %%gog{d ﬁwg?tr >{t8r OfT@O#Ir)é{T?SIvent

["'ci'um Sa nanopar nano

mixitu?re?ﬁla%be Asefic twplieparet thea at lgddtefirstspacfibet badrthei second
nmer to cal ci um salt n%ﬁopa t| cle of the_secqnd

SO'Yﬁmdf‘i’%‘é'F may becusrd (Rrieree e ablepst spcord ngnptiber. The first
and3Os,e%%’ndgQol"v%n;]Oml)ggh'e]s5 R4y Bz%rﬁrérléé’ ﬁ@tfféﬁol' Qnd/or riréloroform

particul ar e ratio of rtoc um sal
Howewerp dihe compositionhef thecxmwntamxturbermays vap. © swt titet needs of
per cent artlcu ar . .t he

Even rein [a ati o of .
the SRl v idh-k o FEEMPIE ANYEang oF e’ sk < ggmbination
theR&sTOhs sted!if ZHENOMIR) Bdkng @t @8M review on polymer nanofibers by

electrospinning and their applications in nanocomposites, Composites Science

and Technology, 2003, 63:2223-2253, may be used.

_Accordin'g to a further aspect, the ratio of polymer to calcium salt nanoparticle of
the 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
pércent. Even more in particular, the ratio of polymer to calcium salt

nanoparticie of the first nanofiber is 75:25.

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
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According to a particul ar aspect, the at |east second
nanofi ber has a different 5 polyner to calciumsalt
nanoparticle ratio fromthe at |east first nanofi ber.
In particular, the at |east second nanofiber has a
hi gher polynmer to calciumsalt nanoparticle ratio
than the at |east first nangqfiber. For exanple, the
polymer to calciumsalt nggopartrcle ratio of the at
| east first nanofiber may be 75:25 weight percent and
the polyner to calciumsalt nanoparticle ratio of the
at | east second 10 nanofi ber may be 100: 0 wei ght
nanppamm of Abeosetond manafibehds 95ad tweighhipesegrdcEvent more in

t first .nanofi t
st e iR o RRVTistelo RRRHAT SIS AdRHECPE the second
nanBﬁB@tp@r‘FOG?OQvé@hﬂ@ercEﬁf exanpl e, the polymer to
calcium salt nanoparticle ratio may be 75:25 wei ght

percent. According to another aspect, the ave
Accardingtiera BRriawWanasReGc e at @a%&ﬁsw%é\am?aernsg s e different

pol){rﬂgr &?VE? %J;’T"éalg'nfaE SHFCIG{ F%ﬁBr tfrl?>‘|°'n aME ré”tglga?faﬁfﬁtrﬁd’no?ﬁer In

secon nano I'n particu
parﬁmﬂalagheChtaleaBEseocBnd nanefibérhas o higher podyméi teecalicium salt

I th d f_th
verRetith s e SEIE RIS bePLe b Sefiholsci poymer to
cal&%@fsed'llaf%%%ﬁmﬁc@ faﬁbﬂ %‘fﬁ%aﬂle%'gﬁn%"t n%ﬁbﬁ@@rnmw bRNES: 25 weight
re preferab bet ween 20 and 500 nm and

pereemtrantbthe polgfrmfablcy]cmn saft nanapeoticlenralio opthve atclenst second

aver ter s abaut, 50 nore..in
narjodBef HAvaPE SO0 werant RarEr i ACCOEh 48 3hBiis impeyoular aspect
thepételﬁﬁéﬁlﬂl'éf MAfofier Ry BUe at Jeadtesioneh#esiibekthad the same
000 nm nore preferably between 20 and 500 nm and

polwentma@lnpn@‘aétrmqpam@g ratio 4D0r example, ke ppbimerrto calcium

sait SR aBh MR 8625725 REMeEIEM e et | bas:

first nanofi ber and the at | east second nanofi ber have
Acédrdingatoeanuthgmaspéat, thel a\'veuage aiiamatmaqdahe iat Ieast fitstananofiber

but the average di ter he at | east firs
maN PR thESaraR Y 16 GTeTeh oD avsradE: ABBIGT of the at least
sec,cﬂr{d‘c HafBfibefOfn r@f‘ﬁtfmble theh@veride? ddmB&RrYBBthé Oat least first
ciumsalt nanoparticle in the at least first and 20

nanafibends smaflebthan the 2\&rage dimmetenof theatigastisesandenangfiber.
the at least first -nanofiber is approximtely 50 nm '

Th%it IIeea_stt ?i?staﬁ/aer{o%%%r%ir@fé%bei{/ h%fs e}nhgvé?}tagleeofi'a%eter-betweenﬂo and
1000 nm, more preferably between 20 and 500 nm, and even more _p'refefably,
25 to 100 nm. In particular, the average' diameter is about 50 nm, more in
particular 50 nm. The at I_east second nanofiber preferably has an average
diameter between 10 and 1000 nm, more preferably -betweén 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.:

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
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- second nanofiber is approximately 300 nm The pol yner
may be a bi oabsorbabl e pol yner. The pol yner may be
selected 5 fromthe group consisting of:
pol ycapr ol act one, pol yet hyl ene oxi de, poly-L-lactic
aci d, polygyycolide, poly(DL-I|actide),
pol y(L-1actide), polydi oxanane, chitin, collagen
either inits native form cross-|inked,
pol y(gl utam c-co-1eucine), poly- lactic-glycolide
acid, poly(L-lactic acid-caprolactone) copol yner and
blends copolgners and terpol yners thereof. In

Secpaﬁtlﬂm%’fs ishé51281, yard the svamggoripsmgieniafcthenat least first

e p R TB BB gt b B, s

secoad elnbfibenByapproximately @00 hype of pol ymer or a
- mxture of two or nore polynmers. The present invention

al so provides t at the a | east calciumsalt
ThepRbpRT ey b5 & bleabsiibah! %Peﬁm%ﬁpowy@@ﬁgnax higgselected

frorﬁfthe g?c‘nﬁi HHhQé‘ﬁrgj)Bfitp%ly&%'rGFa%fﬂn%” p%? Iené%xﬁi&' Dok -lactic

phosphat'e or roxyapatite
acid alpolygyysalide, i potyéDl;flamdaar bp@la(Lelacﬁm)evpolydmnone chitin,

colfieh BRhr 61 BAN ik B roBRaitiBe; ndl¥{ddBfungoTieltine). poly-
|a¢tmma§|?&b|m dBRY,  BEPI-FRicoBBid-yAsroRictorted! EbpOyERIrt afd Blends,

ure of two of more calciumsalts. According to a
copesnaersul and atgrpolymearae thersndd r pamcplaesethe i polpmer ofs  e-

PoEARBP REGe, HPRE o Py BubebBLRON TR maf Picysed. Further, the at
leadt fRSE AASITIDRR g tﬁ@l%ﬁﬂé’ééi%eb@n&ﬁh‘hoﬂﬁépﬁiapfﬁ 6/ kype of
consi sts of a high voltage power supply, | spenser

polyjneponatrhixiure @f fyo ateoredrelymiersr, a  di spenser |n t he
formof a syringe containing a solvent m xture,

Thﬁgféés%brt] gﬂghp:ag eafrl&rc gﬁ?}; c f?\%‘f%@ ta\’\'let'algt égﬁldm %E"ﬁ%%%bamcle is
selédtgdrfeorbAthe graure oeheistingsqsﬁ malmgmpcanbmate acdlcigim suiphate,
caim Gt il o 3G e e
carBBHéﬂeeq-lcS\ﬁe\Fé}e ah ¥lﬁf§blé”d§|él[1ﬁ1 ahit trﬂ&y CBét h§éd ePﬁrtr/@t,L@e at

f1ber collector [ate 1 s groun Because o
Ieasm fg'at nahofigs, armintheratdaasi sslcontmaraffibér may dampriseone dype of

corflp BFLAE e SY 0l g st o Tt vhen

According to a particular aspect, the method of the present invention comprises
electrospinning the at least first nanofiber and the at least second nanofiber.
Electrospinning apparatus to make nanofibers generally consists of a high
voltage power supply, a dispenser pump with feeding rate 'controller, a
dispenser in the form of a syringe containing a solvent mixture, an outlet in the
form of a needle with small diameter hole and a fiber collecting plate, as shown
in Figure 1A. In the electrospinning process, a high voltage is used to create an
electrically charged jet of polymer solution. Generally, a positive chafge 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
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the surface tension of the solvent mxture, jets of
solvent m xture are drawn towards to the fiber
collecting plate. The solvent mxture jet is stretched
to nanoneter scale,-by electrical force and the

sol vent evaporates fromthe stream5 of sol vent

m xture jets to formsolid qanofibers. Pol yner

nanofi ber menbranes are fgrned by the deposition of
the nanofibers on the collector plate. Figure 1A shows
a dispenser filled wwth a solvent m xture. The feed
rate of the dispenser is controlled by a dispenser

betwaap the outiek ApA dibsr eolieetor pirtec Yhert the elestricsl fpresexceeds
t | t
the ureCtdisRiy ol MEBoRR Hinihel, M S enr ndlle, arg iawn

tOWﬁUiéhm t?e ﬂtmlatélgemhgndee t'ﬁh? stihvasmd. mb&lu:mg jeg is streatched to

i vol t age power ply, voltage is applied to the

nangietet S@?'ﬁg&.vtg'%tswaf?cgﬁ%@ﬂgttn?éqaww cyY8Reraies gm the stream
[ St

of SN ke 08, Kl ARG, ADFRATIADHK! orBfancs

are oimethby tAddepbsitioniof dhé nanofntmrgem thel codlettariptater e

forms a Tayl or cone fromthe tip of the outlet to the

Fige, A BPUET SfenereeR IRy Sl solvent Bisuke “FRR eed FE of the

displrven id emrsirdihea Qflébé’ﬁé%@' pEfid. acfisXible! Rastic tUBR connects the
el ongation of the solvent mxture jet results in

dispanses 49 iy oyilahawhkich ggan he lpetheafnam ¢fag cirgall ogifiee gwich as a

smbf b A PhaLde 108 B SN e R B8 s

high-voltage apowenohupwiombuagel Bhtpplieants i ther sudiee ta:D at room
deposi ted on the collector plate. Generally

temw&#arﬁ with eeipeliad bymidity @8%’8@[‘% eFﬁaﬁaﬁm& sth@r aumldlty is
set‘%@aﬁﬁefo IN)“%r‘tot g@ﬁtr&fthaaéﬁfp'opﬁﬁq?} WL O 168 %‘i\{e?ﬁ A kctrically

parti cl es, as cal ci um sal't nanopart
chalrgepxérsdlmt cnmxtLhre foompos iTaytor afnet frerm‘eﬂe:ltlpmfsmlet outlet to the

arofaiet Lol tREPIAIE a AR ARRnGs IS Ine JethelRgiraly charged

sohHt trhiktra s Mraﬂﬁt%@s@hé??@@dﬂ@é&kc@gr MI&deC 'T‘l"l@ &18hdation of
nanoparticles are ad o enhance the handli ng
thecselventt mixture jetoresulis inadecrndasinge diasnetectaf thecjetpy travels

toR b SBteciut M i i eal o380, O s Pt i elfprt i

theaiim{t mixilgefdvaplorstes\e the Eixand eandorlyOHctREd nanbabéis are
the at
deposited on the collector plate. Generally, .the mechanical properties of

‘composite nanofibers are weaker than that of nanofibers which comprise added

particles, such as calcium salt nanoparticles.

Depending on the composition of the calcium salt nanoparticles in the soivent
mixtures, the formed nanofiber may be fragile and difficult to handle, particularly
when a large amount of calcium salt nanoparticles are added. To enhance the
handling characteristic of the nanofiber construct, a composite nanofiber

structure may be fabricated by a number of methods as described below.
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| east first nanofi ber and the second sol vent m xture
is provided to formthe at |east second nanofi ber.
The first solvent m xture and second sol vent m xture
may be provided sinultaneously such that the at | east
first nanofiber and the at 5 | east second nanofi ber
are intertw ned. Alternat|¥§ the first sol vent

m xture and second sol venf?ni xt ur e may be provided
sequentially one after another such that the at | east
first nanofi ber and the at | east second nanofi ber are
separate fromeach other. In particular, the first

Accodlinge anfluxthgr @aspaet. tﬂl'féf@é@@h@nt sKiueR is proMidectaafasm the at
f
ead) ARCREFONS SRS 8Bl B e EBFOUEY B Fe o

leagtr sgonat hamofidert lTeleCﬂmt)(mNeﬂnt maixtirebard cerehd udiverit mixture
addi ti o tothf sol vent I:;nﬁtueco ri sing a polymner
malé § RIaVided miaitangavlp sHen dhaktheratdeast first pangfiper-and the at

| Iea%l dn@eﬁé St El%nﬂftéﬁ\ﬁ[n%dc‘mfeﬁ‘h?fe&ﬁy(l S fifdt éﬁi\/etrﬁemixture_

lum salt nanoparficles are e ospun Wt
anqoeewmj sobvent i hitgreconayabeiprgvided déquietiallg oneatafter another

suckhATSEp St R R aEneRa s he st oS Fardhehr are

seﬂﬁ?dte%ﬁ@d@ﬁdothér Ciﬁ%h?rhédlalg tAé f#ﬁ%ﬂlvéht rﬂ&ﬂﬁ%'é?ﬁf the %econd |

| ayer with the desired nmechanical strength to formt
sol\rmfrt maintuseiare digpemsedig foramthie akleastijrst naoofiberi andthe at least

I [ | ci salt nanoparticles (see Figure 2).
Secﬂﬁ?&ﬂ%&('pgref%p%tcﬁga&es| red nechani cal strength nay be
achi eved by 20 preparing the second nanofi ber having a

In ther pesparationgsf thergdinspoditeanahbfibdr EehstrietNah | Rkditiorf to the
functional nanofiber |ayer containing the desi red

solyeft; r@"g‘FrepﬁPmﬁ’é'ls'rlgoa E@V@eﬂrﬁ%lcﬁlq‘lﬁﬁoﬁt' nappeartictas, higher
str RNASHMARS JHEShAbiRRAS a&&‘ﬁ% < deho cabcmm salt

electrospun onto the mechani cal sup ortlng nanof
nariapaeticles a;ﬂeomatmslauguw\eth 2he Tpolgrrtmr hagefibersnpostairéng the
nanof i ber c nstr onsists of a nct | onal, conposite

desyied atigrqfiRG ym&{/g? ca|quyrRE NP DMEFYHING tor ﬁé)artlcular
as;ﬂe%’ﬂoaf b@ﬁl’bogﬁ‘é n*éﬁ%ﬂb@ﬁéér@&?%t n'fé%f bé& Eormed baeRpBS mé'?:ﬁ' least a

ro i feration, and a nechani cal supportl ng nano
nanqﬂaer layey wﬂb%heedwmmMBnm;b;s@nemgtmo tfoem the mechanical

const ru articu nechani cal orti
suriii Babosieg) 4B iMeblinn 1 of R clGHE selfifhepartites (see
Fighanod.i Aﬁérnamélpaltl@éi des el trecisafieadstrengtR thaibe HERieved by

and the functional YTEOSI te
preparing the second nanoflber aving a larger average dlameter than the first
nanofiber. A functional nanofiber layer containing the desired ratio of polymer to
calcium salt nanoparticles for enhanced cell adhesion and attachment is then
electrospun onto the mechanical supporting nanofiber layer as shown in Figure
2. This bi-layer composite nanofiber construct consists of a functional composite
nanofiber layer, in which the composition of the nanofiber has been designed
for cell attachment and proliferation, and a mechanical 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
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23 ‘nanofiber | ayer conprises the at |east first
nanof i ber prepared fromthe first solvent m xture.
Even nore in particular, the second solvent nixture
contains less or no calciumsalt nanoparticles. The
first and second solvent m xtures with cal ciumsalt

" nanoparticles and with 5 %ﬁfentlally no cal cium sal t
nanoparticles respectively,““are prepared prior to the
el ectrospi nni ng process. The cal ciumsalt.
nanoparticles may be referred to as filler
nanoparticles. These filler nanoparticles are such

nanofiker {ayey ¢oropdses dle |at |aastaﬁrﬂ’te'mr)of@eovurhpar&ﬂ from the first

s RS SR iy 3 B8 S LslFAREAE Bt

lesddhd icaltivrh sadtl driopasidiés 10 nanoparti cl es encourages
the attachnment and proliferation of osteoblast on the
fibers. The cal ciumsalt npangparticles are first

no
Thegft ar@e%eqwdasalmﬁ EWNtHrESSWith criciumnsalt nanopafticisseand with
i n
essg)ﬁtlélgﬁ I&lur?i saﬂf né{?@%ﬁﬁbco esP-grPlﬁvgéVS? é’r@‘gpgrleglﬁtérﬁc]eérliarsto the
electamwmmg cpresess'l' h'EhsoIahcmw salunam@amclesmdylﬁ refengd to as
formthef t solve

fllleh;{atngglg hflj)] Q r aan%ytlﬁg Sgrrer such (Srllj;[lt%yapromote cell

attd@h@rﬂﬁ{t' ?;réMH g p'Fé'IiféFle'bn ar 5 CHifices Yt VRt flﬂé%hléh%partlcles

Bre pared in a simlar nmanner, except little or
demdéaormt m call typeadepised.i Epeexampie atheeadddionhef calcium salt

narfrtfien sCaiabse: b e ChrefiiEbn of Btaontastion the

nandgidets.one first nanofi ber are el ectrospun
si mul taneously with the mechanical supporting
nanofi bers conprising the at |east one second

The, galgiunp salt napopagigles are-fig cisperaed ith aParigyat olvgnt. Highis is
follGfiedT, R RlafofITRAE doBnyThe BonrRRpLIelic dicsbived in the
solvs'erttrcmhmlsmgctlhmn'abalmmﬂipmnopagtldaaoﬂh@eoh/enfhéxture is mixed
h t .
usiy SFRASEEBoRReE AT s frad shiveb e fFar Sxalp etegnixing
ma?’b@”&&rﬁed Fut b?ré)mbgn’étlE'sﬂHé? Furtherdh SRRBAG s of Vet PRiRILTE may

sol vent m xture suitable for el ect r OSpI nni ng
be M@mamﬂdal a sipitar mangenexsieipbdittte oompréalcinm salk nanoparticles

are aeoadsed to the solvent.

According to a particular aspect, the functional composite nanofibers comprising
the at least one first nanofiber are electrospun simulfan_eously with the
mechanical supporting nanofibers comprising the at least one second nanofiber,
as seen in Figure 1B. This results in the formation of a composite nanofiber
construct, in which the functional composite nanofibers are entwined with the

mechanical supporting nanofibers. The electrospinning apparatus may have two

or more dispensers connected to two or more outlets. By way of example, as

shown in Figure 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
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second nanofi bers and di spenser B contains a sol vent

m xture suitable for 24 el ectrospinning functional

conposi te nanofi bers conprising the at |east first

nanofi bers. The solvent m xture in dispenser A may

contain little or no calcium salt nanoparticles,

whil e the solvent m xture in dispenser B nay contain a

desired rati o of polynmer t 0?%al ci um sal t

nanoparticles. The mechanical 5 supporting nanofibers

and the functional conposite nanofibers are

el ectrospun sinultaneously to produce entw ned
electnosginhiagsfuntlienal compaiside nandbdfiiersi ceampriging pibley Beneast first

cancentrati OP c?n .be sel ected i nde endentliy in each of .
nanqlibels < HinSeivent xire du GSRERsS Aomiay cmte Rdltile o mogcalium
salflinafBp&ftic)de N WA \thé NSoI¢OMP Paikiur®Nn 2idpe A4&R! fhayPicontain a-

t he, nanofibers may be selected to target the growh
desiied Tetipr of | pelyanaroto otalgium esalht narspartidlesel The y peechanical

suB§ryy pBhaFET Ty W R0RHBNERrolbRAAS ghRorBLRPER Sechospun
sinriltedtoasipi toproducé WitivindidrhaRelibers! TRaTRIW PSS outlet size and
targeted at endothelial. cell growth and di spenser B

polymer gPAsentratinn ean bei selestedsndepgndentlyrin each of the dispensers
' ' t] it i_b .

o BFEEECAMANAY JuRe 4O0R SORERL ByrRlckiebEbppgion an
diafgtet i afndhe 1hanofiersi heayaby Meelesaoftb bedrgedr the growth and
oﬁl{ﬁ?ctrozﬁun Si nulci%[ri]eouslﬁ to produce entw ned .
Profigiaten & Jifeant dpsiredhee!h ARAs bétys Way eof axaepial agtshown in
Fig_%Lé;WPFjS%rEe?'@ cofnﬁiill‘ns WQ@I%Q(‘W@F&“QL%&Q%F %‘ﬂ&{t{ogﬁinning

owrate, outlet size an nmer concentra

functigndlepdlymiep @adefibérs taedeteteat endotizedial cll ignewth and dispenser

di spensers. to. produce nanofi bers of the desired .
B i splent i auitaRle, for Slecresmining Bmctispal composite
natbfide?s eafgeted | aft ¥RRDth ARGSEIE! Blist Brépt MRie Riffdreqt f@hctional
aspect, a nechani cal supporting nanofi ber |ayer,

coropapite spelymenenamnofiterst are celedtraspist i simujtangodislysto produce

> i .on t t by .el ect i nni ,
endliRS (38105 s A5a AR Rl o 1SB3A4 B Bl utioe
celnapods hei 4 agingle eonprrudt Mhé hiowt rdt€autibt rsite and polymer

nanofi ber, -by el ectrospinning as 25 shown in Figure
concentradionafihi ber incdleRendarty selectad iiBdeaserafi tier dipensers to

prddRRE AGHBe \F &h&fiRred diameter for the growth and proliferation of

different cell types.

According to another particular aspect, a mechanical supporting nanofiber layer,
comprising the at least second nanofiber, is first deposited on the collector plate
by electrospinning, followed by the deposition of the functional composite
nanofiber layer, comprising the at least first nanofiber, by electrospinning as

shown in Figure 2.

The nanofiber constructs are dried overnight at room temperature 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
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vacuumed condi tions. The norphol ogy of the at | east
first and second nanofibers may be influenced by

vari ous processing paraneters such as: 1) viscosity
of the solvent mxture deternmined by the ratio of
polymer to calcium 25 salt nanoparticles and ot her
additives; 2) applied volt se to the el ectrospi nning
apparatus; 3) feed rate of The solvent mxture(s); 4)
the di stance between the outlet tip and the collector
plate; 5) the inner dianeter of the outlet; and 6) the
hum di ty surrounding the el ectraspinni ng apparatu

saltanoppagices ?Bdloéh‘?rn%@ﬁ"f'&?ﬁ Danplisgyaliage toribe\alectErapinning
app ?a{tﬁgeﬁﬁfe%cf Fét@r&‘pt‘?’mreescﬂlt)@ntdﬁﬁ*tﬁfegsﬁﬁothbgcﬁ%%yc%bre gen the

cord to a further aspect
outlebtrpramiethtahmlbt:b:p mlate; Sodble rignehdiacmiet otitie autidt; and 6) the

ted f
nuniie SUrPHEIIEE thE EIRRTRAT NG ARBETRLIS al MEBFOTe: Has Bpgriant to
optiPﬂ4§é ke ¢atidus dpéf%ﬁ%té@f%rep%?@fﬂé&éélﬁedﬁﬂ%ﬁﬁéﬂs? stem
I's, chrondrobl asts, fibrocytes, fibroblasts and 10
chondrocyt es. In particular, the cells are human
AccerdingHpag tfurthepaspeet, thaymethad mﬂ)eflmer egperisgthecstep of

d e or,
seeg‘ﬁ% {r\llg%gbgﬁg?t Wi {:é(l yp-@‘rse I|I£ rjh se e, se g@%ﬁ* tbg group
congidtihf &f o‘sltlédm@ﬁtsaéndcmehéh@ellwtshmbtﬁwuécuétobﬂs mesenchymal
conprise the step of surface functionalizing {

ster@oﬁglisf LRbrypic ssﬁ%rﬁ geliss mraeerqhﬁféﬁ.. maqymagﬂwaplastﬁ and
choﬁﬂﬂ%{f é’sIe b%iﬁ?cruéét}‘égf'n%'f&glgf fe & gﬁ%ﬁ%@eé 15868 weld?, any

par t1ona | S ng
suntablma:ellstqpe phalysba usedat oether, ainet type obceli type or Seofmiieation of

functlon leatlon S necessary based on cell type and

two Qfj more.cRl| tyees &Y B8 &!Seflunct i onal i zati on of pol yner

nanof i bers includes polyner grafting, plasma

Acddr@mtgrtsranoam fPtheP Hspect, Qﬁé'n@&hb@ﬂné{l finer d;d?ﬁ{)ﬁse the step
he

Surface functionalization 20 _may al so conpri se o
of syirfgserfynalienaliaisg ﬂn@ egnsimist. nHi Blepepisswiagenkinsasalising may

corls WSS S5 by pgent TR BarRLBPCheckien o
surfdcet imctibrsitg ldqumsasnplasmaaltreatmenmpals@exdmb;ruuh eSurface
construct and/or nethaod of the present invention.

fungiionalizatien of RefIssRAEY Bases: Ponse!l 2wpe Andhcell @ature Surtace
fundfiGiAIizZ866h 288PSolymer  nanofibers includes polymer grafting, plasma

treatment and composite fabrication of nanofibers. Surface functionalization

may also comprise the dipping and washing of the nanofibers or the construct in

sodium hydroxide solution. Other known methods of surface functionalization

suitable for the purposes of the present invention are also encompassed by the
construct and/or method of the present invention. The advantage of surface

functionalization are as described above.

As shown in Figure 3, air-plasma treatment is applied to the fabricated
nanofiber constructs to enhance their hydrophilicity. 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 results in a




10

15

20

25

25 As shown in Figure 3, air-plasma treatnent is

applied to the fabricated nanofiber constructs to

enhance their hydrophilicity. Plasm treatnent is a

useful nmethod to nodify the surface-chem cal structure

of the constructs to enhance the wettability of the

construct surface. Plasm eatnent results in a 26

hi gh-energy condi ti on proddcCi ng hydroxyl and carboxyl

groups on the surface of the construct.

Pl asma- pr oduced pol ar groups increase the surface free
~energy of the construct, resulting in the decrease of
high- ﬁee@ymmtlcahgr@ucw]hwpmlr@lcbca oxykgranpe oni thatsyirigice of

ine S5 09, MLy bedd 857 8oL TBREE 0o e enory
of th\@dbhd;t&@btﬁtﬁs‘lﬁcfg indhesjemagé)bf tHeyconthbt amgﬂe Coitict angle is

due t.o the conmbjnati on of therm)d nani c
as ap gsfimate qf ot?P’b?l“"%élUé? Vgr‘bl?p@es'fﬁ f%é“ﬁ"@%%’ﬂ it stability of the

plasfrﬁ |elgb }cé et o rrridblﬁ’édj%rurfaeea%gég VB{]&E'T:blhty with time.

esira oss 0 ace wettabil
Thl$: (snd;me tecthe ctarhbmatlanrefnhasnadyn&mmaérmneataimt of malar groups
qu eo s sol uti

or RS SRR ARG 4 B AR LR 3385l toss of
surﬂa@eowbﬁabmtyartﬁeebsrsétfmguafteﬂ alﬁpﬁ&hﬁay tr%%ﬁﬁbﬁpwe stored in
ips. Cover slips may th pl aced on a gl

aqugloua solufienc H\cacasium @ecparirptaalpam ihlecatreast ftrmmh,‘or the at

o] PR P ElBeicale o BRRbHAT b8 4 Pt P i vekps. cover
slipt mekgy thenche! Blazeadr hYlass A0 MHIEH atedprizetga ;ﬂéﬁ‘ﬁétcleaner
t he present invention prOV|des a kit conprising

champes o R digiharge ipapplied tofbemanples fae 1Ri mlrmﬁ@s with the
radfouﬁ&%l?er ?W%I'S&bt SS%WQJ%F& 05& Wit o‘ﬁ'&ﬁ. Q'g'ng how t he

cons used. I'n par I'cu é construct
inthe kit may be an inplant or ascaffold The kit
Accacdiogdo magothert a&pe'cmvtbetpresemteiyveritmrt previdesnp kit semprising the

conshet 148 cthe” Presit oRTERRerT orf r SR AReY aiclo cRmPHSK f set of
mst'rﬂik’:’t%rr‘lts' Hhow@hé t8nBfr8&E8to b@VL%étd' 0 pEchruhﬁ'r tHY QOHsHERt fh the

met hod of repairing fractured bone segrrents in a
kit sutyj betan domaritsomg seaffold.ephefkik acgordaid jo ithelinveritiop may

e cHERTHR. b BloA o 5T ek R GileShnotmc

scaffoltj &6d/ot fmplam@according to the invention.

The present invention further provides a method of repairing fractured bone
segments in a subject, comprising the step of surgically implanting the construct
of the present invention. The subject may be a human or an animal. In

particular, the subject is human.

The present invention also provides the use of the construct of the present
invention in non-therapeutic and/or cosmetic applications. It would be known to
a skilled person how to use the construct. For example, the construct 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,
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The present invention also provides the.use of the
construct of the present 25 invention in

non-t herapeutic and/or cosnetic applications. It would
be known to a skilled person how to use the
construct. For exanple, the construct nmay be wused in
non-t herapeutic and/ or cosngtic periodontal purposes.
The present invention therefore provides a nmethod of
cosnetic surgery in, but not limted to, 27 a

subj ect, conprising the step of inplanting the

construct according to any aspect of the present
a supipcht POMPripingptia StaR &f impianting: il consttuetaeserding to-any

[ e
osrBY e BN A LR ANl iUt i curen
commsesr;wd:doptal?swgelmyrst ood through reference to the

foll ow ng exanpl es, which are provi ded by way of

i.l lustration d_are not intended.to be linjting of .
Hayipg v SenBra iy deedtine e eenbel sinsaame Wl beuare readiy
undeirftoe8thiR M icitiRnck 16 Whe 'f@lld\ﬁiﬁgéﬁxﬁanﬂﬂé’s rWﬁlch are prowded by

specificall'y 10 described were general I'y foll owed

wayjekilkstsaiipn, rangaaner maikntgndecie be! limiting [of ¢he ares@rttm\mgmon
A Laboratory Manual, Cold Springs Harbor Laboratory,
New York (2001). Exarrpl e 1 In.the present invention,
t he conposite nanofi ber constructs were prepared by
15 s-pol ycaprol actone (PCL) nanofibers and a conposite
EXAMPRES and cal ci um carbonate nanoparti cl es (CaCQB)
" nanofibers with a particular vvel ght ratio, i

h g :
StaggRicQRRUIa" HIOBEY, CEBALRS JRIPT Ght fscf?}%ﬂ el 2o Sheciicaly
des%'nB@ép%Pe Righerk zf folléWé’d %s’&ﬁﬁ@@%t 'S%hﬂﬁ'ook R4 REssel,

article size = 40nm cubic typ
MO%@HWE@'@N”@I A Q@bm@mdﬂwlmld Spdngsﬁagbprot@bonamw, New
Yorrk)(fhoa? ofibers, the PCL pellet was first dissolved in

a re of sol vent conpri sing 75wt % chl or of or m and

25wt % nmet hanol . The concentration of PCL sol ution was

Examplet ot o ensure fine fiber norphology in the

resul ting nanofibers. For PCL / CaCO3 conposite

: f
.In.trP%np())relsentr invention, the composite nanofiber constructs were prepared by

e-polycaprolactone (PCL) nanofibers and a composite of PCL and calcium
carbonate nanoparticles (CaCO3) nanofibers with a. particular weight ratio, i.e.,
PCL:CaCO3 = 25:75 wt%). The materials used were PCL pellet (Mn = 80,000)
purchased from Sigma-Aldrich Singapore Pte. Ltd., and CaCO3 nanoparticles -
(average particle size = 40nm: cubic type) supplied from NanoMaterials
Technology Pte. Ltd. Singapore. For PCL nanofibers, the PCL pellet was first
dissolved in a mixture of solvent comprising 75wt% chloroform and 25wt%
methanol. The concentration of PCL solution was 7.5wt% to ensure fine fiber
morphology in the resulting nanofibers. For PCL / CaCO3; composite nanofibers,
CaCO3; 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
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CaC3® nanoparticles were first dissolved in a m xture
of solvent and 25 subsequently, the PCL pellet was
di ssol ved. The concentration of PCL in the resulting
m xture was 5wt % The outlet was a needle with 0.21 mm
inner diameter. The feed rate of both sol vent
m xtures were fixed to 1.0 hour by a 28 dispenser
punp. Using a high-voltage wer supply (Model: MB26,
Gamma Hi gh- Vol t age Research, USA), 20kV voltage was
applied to the outlet tip at roomtenperature and
30% 40% hum dity conditions. The di stance between the
dispendest purinp. dtsing isbbigrevdtags power sfupplya{MoidetédMB826, Gamma

b S LR, 250 B BRASE L Syt o o
roofPthpéranse. arfd Q@%%@”/ﬂ’i\ﬂ‘hﬁil@ dé'h@it%%aWHlelstB%e be_ltyﬁeen the

nanofi bers and onposi te hanofi bers
outig} dipaayd flb@reqaollﬁcmfmlete was rh@ed raridOmyar Thedabrigted 3@nofiber

coyHi ! fold gl Bl POSPO SHPISbEAORE LRGE? YRumee

con(dRidAdsTiEiire gt sihow€la phdtagraphler Pcﬂnmidflbef@BﬁBIFtGL $CaCOs;

Whi | e the eI enent of cal cium was not recogni zed on PCL
COTRERRite Kane 'PﬁsguT'ée meraeﬁefﬂzﬁreéam@teéfofc Gi ranadibers was

soCIE R A FAvhi ﬁf?:mb?fl‘dé / C‘%@;}? tﬁrﬂpﬁ& {h%@f?{g%?waé 800+450nm.

present 1 nvention, I Ci ostte
FIg[]EG‘l(Sf sihaws dbesEmengty mmemnjlﬁ-rayd(ﬁiyxplnnamblagrmf PCL / CaCO;

Tab
corppG Sl anafinetan iV ile 18 Een Lo Rlgam. \?{tag%@? raRdnizest en PCL
narstiers ¥Pigir W%ébﬁrre%eﬁaélpotfctlfé%% nano té& in composite

nanof | bers. PCL nanofi bers
nargtbers (Higurel 8BY. Ingsresendibrveation melrwdloptﬁhclt)aoéthe composite

fib PCL/
na SR Sor BP0l e RIS, bR e arh BTG T Sblect stpws tha
10 @hihufdsasiair iplaathariatment eohaBRIBNS chafgdd ﬂmé"@ﬁe@fabﬂR)@Bf both
gr adual | y absorbed into the nmesh.” 20 Aiter

ibees At FIGLHeACEmeampesite nanefibars| ect ed to air

pI asma treat nent

PCL nanofibers PCL/CaCO; nanofibers
Before 134° 139°
After Qo* 0°*

Table 1: Surface contact angie of PCL nanofibers and PCL/CaCO3; composite
nanofibers before and after 10 minutes of air-plasma treatment. * represents
that a water drop gradually absorbed into the mesh.

After the composite nanofiber constructs were subjected to air plasma treatment
for 10 minutes, osteoblast seeding procedure was subsequently conducted on
the functional composite layer side. Human osteoblasts (hFOB1.19, 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
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for 10 m nutes, osteoblast seedi ng procedure was
subsequently conducted on the functional conposite
| ayer side. Human osteobl asts (hFOB1.19, catal og no:
CRL-1 1372, ATCC, USA) were cultured on the conposite
nanof i ber constructs. 25 The cells were seeded onto 4
sanpl es of scaffolds at a nsity of 25000 cells/cnR.
The seeding tines of the céPls were 1, 3 and 5 days.
Figure 6 shows the cell attachment and proliferation
manner s observed on the conposite 29 nanofi ber
constructs. The PCL / CaCO3 conposite nanofibers were
nanofiber poomtmbtsvi t fhestRGbI dstGaC@s swempositeri ganefigas were

. h f | ion ., .
incdfbBEted vl aPl8oblstFo s spaiif By B GEaTal o e mply
the Sigrf o€ MimdralibgticH hasdagtedalits diffdrehfiafidrerwé@r 8bddrised Yon the

t hat conposite nanofibers 5 show better bone fornation
surfasg @fsthenatiadhed icallsy ltuﬁd%\erewreu likelyc thati earopesite nanofibers

onol B heheaFRBRGR s SBbrRRAlt LSRR e b omn

GBR nmenbrane (B) refers to nanofiber (B). 2.1
ExdmapieiZat i on of conposite nano fibrous construct 10
2.1.1 Electrospinning In this exanple, conposite

nanof i br.oys ons ructs e deS| ne e | on
Plefr pole o (S e BEdS. 1 ThS B o RETHET BREIE (A) refers to
narfHBBPBAY SndI SR kRSinBraiid (B) rngts d haAbABér (;m'. ght ratios
(1.e. PCL: CaCO3 =. 125 W% and 25: 75 w%. The
materials used were PCL gfl let (Mh = 80, OOO) pur chased
2. 1thabmication giraomipgsite manefigfousgoaséupt e. Ltd., and CaCO3
nanoparticles (average particle size of 40nm cubic
t ' by NanoMaterials Technol ogy Pte. Ltd.
21%%?3})@#@‘“@2? PCL nanofi bers, the PCL pellet was
first dissolved in a mxture of 75wm % chl orof orm and
in thisveYampteh acuohpodite ordefibroasodarestnucts weré |d&srgned by epsilon-

* pohRABLR 120, nSEBR Bl BRI B Gl e BSpers i

Mocéﬁggerﬂ%l@ﬁt ?&udba(l%f AT S a8y 5‘25%% tHnel 25 7984k€%). The
first disSolved in the m xed sol vent and

materisde ysediwgre PR pelletpdn &t 80800)ipsischased. from . Sigma-Aldrich

Singapore Pte. Ltd., and CaCOj3; nanoparticles (average particle size of 40nm,

cubic type) supplied by NanoMaterials Technology Pte. Ltd. Singapore.

For PCL nanofibers, the PCL pellet was first dissolved in a mixture of 75wt%
chloroform and 25wt% methanol. In order to obtain fine fiber morphology, the
concentration of PCL solution was varied in the range from 3wt% to 7.5wt%.

For PCL / CaCO; composite nandfibers, CaCO; 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
7.5wWt%.

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



10

15

20

25

The concentration of PCL solution was also varied in
the range from3w%to 7.5wt% As shown in Figure 1,
the prepared PCL.solution was placed in a syringe
whose 25 needle inner dianeter size was 0.21 nm The
feed rate of PCL solution was 30 fixed to 1.0m /hour
by a syringe punp. Using a pi gh-vol t age power supply
(Model : MB26, Gamma Hi gh-Vg' tage Research, USA), 20kV
voltage was applied to the needle tip at room
tenperature and 30% 40% hum dity conditi on.
El ectrically charged polyner solution fornmed a Tayl or
fixed oioe 1fQrokthodre by @ syringrepBMpeddsingt a higb-vgitagadpower supply

o ORI S AhRIE LSO TOR Ulge was

applied do ey needientipedt rane tarhperiturenasd 86 %~40% huwﬂdlej condition.
fabricated on the collector plate._The fabrica

Elegtagpliv shargadepalymead salyticdhiormeshe EaYieeane é'i%@ert'é? {ipeof the
nee*ﬂirlé]I tlYé“gﬁ‘th CB‘?&ger E%T%vﬂ%eé f&eybélefé‘i’\'cgg?’m@ém During this

ele rospun nanof I ctrospun nano
process, dtlevédivergodvhposated ispthet air sswhtandpnalydriemded nanofibrous

me%q;f glgrl(yg Z\m\?Na bs%{ﬁqjepn lfﬂg%{w@g n| n S@G_écgg[bélcated samples

wer'etcﬂ'ie)d chgﬂe Gight 8P fé?nﬁ%rraﬁf{re(lﬁ@@r \é&ahwédscd/mﬁuons.
al so conduct under SEMto confirmthe existence of

CaC nanopart| cles on the conposite nanofibers. The
2.1 Mosphology et elactroppen sanptieeisn nanofi bers was 15
determ ned by neasurenent of 30 single nanofibers with

cieksSTneREBeEiBte spERIENRbYE GoiFG pUBEE BTG ot e
mofpﬂﬁﬂéngEWasTdiESeﬁ%wfuhber scaming alectpbragiieroscepé ¢8EN) (Model:
el ectrode | ess radi o frequency glow discharge plasma

JSMR8AMV, (Mfdk I PteppDeidon 1 Enpegyr Pispessioanfray {EDX) anaIySIs was
als&bRAL 'd%%deré@EMﬁ@conﬁ% tﬁ@'@llﬁgn&@b? dﬁ@??ﬁgﬁ&&tldes on
amber of

gl ass slitde and were stably In the
thepimmmslta ramefibers) “a'lsemvelraget@agmtaaef elpptrospun vanofibers was

SO erradb oL 30 e S Bk Y S Y i

image analysis software (Image J, National Institutes of Health, USA).
2.1.3 Plasma treatment

The nanofibers were air-plasma treated by electrode less radio frequency glow
discharge plasma éleaner (Model: PDC-001, Harrick Scientific 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
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2.1.4 Contact angle neasurenent 25 Surface contact
angl e was neasured by contact angle nmachi ne (VCA
Optima  XE Video Contact Angle System Crest
Technol ogy Pte Ltd., Singapore). A 31 distilled water
drop was put on five different sites of the nanofibers
and the nmeasured angl es V\%G averaged. 2.2 Mechani cal
characterizati on of nanofib¥trs The conposite
nanofi bers were carefully cut into the rectangul ar
di mension of 5 10mm w dth and 60mm | ength. Tensile
test of the nanofibers was neasured by |Instron 5848
distiledr watast @ropwivals pinem rfive diffesentheites opdbel nandfiberst Gmah the
I th. Tensile stress of each nmenbrane was
meggﬁgﬁla‘ﬂgi%sggﬁr?ﬁgewgﬁ]%nal cross sectional area of the
tensil e specinmens (not on total area of nanofibers).
2.2 MEcHKamtiealhasdctprigatidresfrianofipgirsidy 10 2. 3.1
Ost eobl ast seedi ng Human ost eobl ast (hFOB1. 19, catal og
no: CRL-11372, ATCC, US cul tured on conposite
The, sagROsEE NanslibsreWees |ca§%fmﬁy cyt indaipe éeghaesataatdlm@ns'on of
10MRSwidtR RAHB SHA Fénéfﬂ usile NBSOSH thE iy ‘?%BS[)J @?g'rﬁé&ﬁged by
on coverslips di nensi ons were
Instroe %d@d@iwmeeta'wﬁkwmmercrm hgad%peedlwuth agﬁr(}ama gauge
sl icon. ad?esw one ni ht at roo

lenih, TENRE SHERE O oty PRgang s shER AT BReher pinal cross

sectiOMEN et the tensilCsedimehy énéttthi ﬁﬁ&e&eb%f%%ﬁaers)
treatrrent for 10 mnutes and transferred to 24-wel

ture  plates. The nanofi bers were then sterlllzed
2. 3l§?>$tﬁ@b/?(§6/69fcé’f¢fé’ﬁ@f' s§lent for 60 ninutes under WV
light and rinsed 3 tinmes by phosphate buffer saline
P, | es were then incubated in conplete
2'3'&'9?%% |tc %go ai ned Dul becco's Mddified Eagle
Medi uml Nutrient Mxture F-12 Ham (DMVEM F12 1:1
Hummiaxt osteobGidic hFQBMA)19, 1€ataiay alo: cBRLADIBT2)eATECMUSA) was

cultged b FioReniB Tt BRI BIAeecing Sarb s deeparaton was

corticRichi 8¢ dfdIRwa0 TRIaAbAbERII WeleH Tablic8% @PNfddienainsdhose
was passaged 3

dimensions were 13mm by 13mm and the edges were stuck together using

‘medical grade silicon adhesive for one night at room temperature under

vacuumed conditions. The nanofibers on the coverslips were accordingly
subjected to plasma treatment for 10 minutes and transferred to 24-well culture
plates. The nanofibers were then sterilized using 70% -ethanol solvent for 60
minutes under UV light and rinsed 3 times by phosphate buffer saline (PBS).
The samples were then incubated in complete medium which contained
Dulbecco’s Modified Eagle Medium/ Nutrient 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
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25 tinmes. Osteoblast cells were then detached with 1 %
trypsi n/ EDTA and this was followed by centrifuge and
re-suspensi on processes. The nunber of suspended
cells were counted usinga henocytoneter. The cells
were seeded onto 4 32 sanples of conposite nanofibers
at a density of 25000 [cellgs/cnR2]. The seeding tines
of cells were 1, 3 and 5 days. At each tine, 3 sanples
were used to neasure the nunber of attached cells by
MIS assay and 1 sanple was chemcally treated for SEM
observation. For reference purposes, cells were 5 al so
samples of composiie manefibets at » depsity pEA20Q0r {treds/amihThé seeding

im39 8 AIEH08, 1 208 0l 2 I o B
me&éiie Al erusbels afiygttached pelldGyp MY Sremdzali aAdof §dihgle was

as_sar\( is that nmetabolically 10 active cells react
Ya treatach i)l PEM SBservationr sFap épferense PoRRSESa cells were

als SR, 8 SRR K Ereh fihuiee CTCPSP WREG, FRfiRGseeding

conditidnewed by i ncubation with MIS reagent in serumfree
culture mediumfor 3 hours. Aliquots were then

23%'@ fed into 5 wells of a 96-well culture plate and

: Q%5 ance at 490nm of the content in each well
was 15 measured by spectrophotoneric platé reader

The Mddbéarlof CRAbMA celyGradbmeRaraP OiNMTS @séasaggeluﬂter 06"

2.3.3 SEM observation In order to observe the _
AqugquscHEB2N). MienBringipler mechanisss iof dhisaaggaybisr that metabolically

. . . . h

oct§RSHE ok Y LI R0 AT, S5ty BFodiE g e

formazar idge aghithvican bé bbsoBBdadatd F0res eaivendigthf Exel sampl&avas
gl ut aral dehyde for 1.5 hours. After that, a sanple was.

ringSdd SENes WY BB ifplluedvy dpcubatigniwith Michyepaanidn sptum-free
I . t i OR:: f 1. ' 0, 0,
OB R0 oy 0w
culszeplatevnasd tthe aalesbrbante aheddinet of | thescordean e @achkeell was
menSuikd by s'phe%?r%pfh%{orglegic dprlgtlengéad%(rlﬂlf&gtglr BPTIMA, BMG lab

technologies, Germany).
2.3.3 SEM observation

In order to observe the cell attachment manner on the compaosite nanofibers,
chemical fixation of cells was carried out on each sample. After 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% ethanol 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
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25 were coated with gold using sputter coating. 2.4
Results 2.4.1 Morphol ogy of el ectrospun nanofibers 33
The norphol ogy of pol ymer nanofibers is influenced by
vari ous processing paraneters such as: 1) viscosity
of polymer solution determ ned by pol yner
concentration and addltlveg1 2) applied voltage; 3)
feeding rate of polyner %nlon; 4) di stance between
needle tip and collector; 5) needle inner dianmeter; 5
and 6) humdity surrounding Spi nni ng apparatus. In
this study, parameters except 1) were fixed as

The cmomhglogy) of gialygmer narofkibersa)s ﬁlefstn@dr by evarious processmg

BB B8, o2 Lo Eod MR 5L e A 5] rtymer

corzehitateon saﬁmtam.ms ZoaépﬁlfédOWol?EgeCGFCf@BHrn@t k4B éf“ﬁ)olymer
the amount of CaCOB nano particl es n terns of

solyfiats ) sistance pgbyveenpaadiedp apd catizcton %w@@d«@mnﬂrtdmmeter
andg"g it lt?/ogﬁﬁ'aﬁﬁéﬁw:gt ey ‘fl\é@gr rét[]gr ?ﬁstﬂ% , parameters

centr Ion resu ormati on

exdepad‘;weraﬁxe@als fohows g2ir wlfale = ZBkVeﬁ)‘ fdwéng rate |©=htD|Oﬂgmour
i t hout ds ee Figure 7B) s achi eve

4) elanot 5, AR S Ganer dlamaiel A g e BoAng: o hatwieity <3 0-40%.
600230 nm It nust be noted that beaded nanofi bers

Vist8sift d)NﬁéIYnieF%'oﬁﬁFo?l WQ%‘%HH&%{PPCW&OM%%H ael the amount

conpared to fine surface nan bers t he nanofi bers
of CaglsrraneepaditleslIn termsiafi PGLdnstiibess fmmfarmauon was not

bl i B EP G o TRl HRedRE 5P epggntration
resQREPOAI fibeNFoAHANEH Swith PbéadeiCal Sed®: ihS Fie YAS BheCfiber

i nvestigated. Although PCL nanofiber formation was

‘morpftolegh watheyt Jaaassaigen EigwrentBhwasn achiexedawith bebwit% PCL

f fi
corB iy TS 4256 BT A BRI AOENRSAE R e
that hbeades:basaanlhemsr elatively mhmmidldvvi'e}n méchairficarestrehgth as

COBRERH PP HTRRE ARG HRsIEac ARGt nSRORAISHEAUES mechanical

s i 0 5 o 5 B0
be aypfdmie ,Similarlyy fiber morphology of PCL/CaCO3 composite nanoflbers
(PCL:CaCO; = 25:75 wt%) was also investigated. Although PCL nanéfiber
formation was not achieved with 3wt% concentration, beaded fibers were
fabricated on PCL/CaCOjs; composite nanofibers with 3wt% concentration
(Figure 8A). This was due to the viscosity increase by the addition of 3 times the

amount of nanoparticles against that of PCL. When PCL concentration was

_increased to 5wt%, non-beaded fibers with granulated surface were formed

(Figure 8B). In order to confirm attached granulation on fiber surface, Energy
Disperse X-ray (EDX) mapping was conducted with SEM. Whiie 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 CaCOs; nano

particles were added. The average fiber diameter of PCL/CaCO3; composite
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25 Disperse X-ray (EDX) mappi ng was conducted with
SEM While the elenent of calciumwas not recognized
on PCL nanofibers (Figure 5(a)), presence of calcium
was detected in conposite nanofibers (Figure 5(b)).
Hence, it was confirmed that granul ation existed on
nanofi bers when added CaC(BE ano particles were
added. The average fiber di ter of PCL/ CaCO3
conposite 34 nanofibers was 900450nm Based on the
above-nentioned results, PCL/CaCO3 conposite
nanofi bers with weight ratio of (PCL:CaCO3 = 75:25
nangfiiersya wasuceex450nn.  Besedatwu e h abavesmmitioned results,

trati o T o f dianet.e _ —
PCEROAT, arhabte; RenBHEE it B SRR CI e RacRe = 75:25
wi%hly das pdudcessfuly ofabribgtetialith caitesl FREL caRdeMatdrCfe average
fibego@%l te nanofibers were investigated. Table 1 above

eteiyvas; 6%+ tRANN. pl asna treat ment  renarkably
changed the wettability of both PCL and PCL/ CaCC3

jr-lin@i i i 10 2. 4.3 Design of conposite
2.4920ﬂ?<f9|§igglﬁgzutgv%%fah8ﬁ5érs 9 mp

nanof | th this respect, as seen in Figure 11,
the PCL/ CaCO8 conposite nanofibers were nmechanically
Thes hpaophdigitwiaf thedabricated iR andt? Ch/Gav@; gohipyisie nanofibers
ensj | tr th.,In this exanple, twa different
wete) [¥lesfoall oFti; L dhave’ Sh&s Bal 10 Bindte fpiMas reatment
remfakablPCGh£erfedB thve Wét%iny %ftb&¥EL Pa12aali PEL/EELO,; composite
PCL: CaCO3 = 15 25:75 wt % + PCL. An equal anount of
nangfibgfs-on was spun in each layer of the nanofiber
construct. Figure 12 shows tensil e behavior of

2,4@5%@&;‘5&( %ﬁﬁ@%}ﬁof# of i bers coul d be stretched

at ar out visible rupture.
‘Nanofibers (A and (B) were subjected to plasnma
Withrthist raspect, a@s seemiimfigseatd the RCEMaCO} gomposiib| restofibers

e PP B SR B S bl b s Mgty tenste
M i o et Ao
nanofiber (A): PCL:CaCO3 = 75:25 wt% + PCL, nanofiber (B): PCL:CaCOQ; =
25:75 wt% + PCL. An equal amount of solution was spun in each layer of the
nanofiber construct. Figure 12 shows tensile behavior of nanofiber (B) and the
nanofibers could be stretched at around 200% strain without visible rupture.
Nanofibers (A) and (B) were subjected to plasma treatment for 10 minutes and

subsequently osteoblast seeding procedure was conducted.

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 wit%).
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
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Absor bance intensity of nanofiber (A) was simlar
level to that of TCPS and the values of nanofiber (A
and TCPS increased during 5 days seeding tine. 25

Al t hough absorbance intensity of nanofiber (B) also
increased for 5 days, its value was |ower than the

ot her two sanples. As seen4zn Figure 10, nanofiber A
had good osteobl ast attachnent at 1 day (Figure 10
(a)). The conposite nano 35 fibers incorporated the
ost eobl ast (Figure 10(b)). For 5 days photo seen in

. Figure 10(c), granul ates were found on the surface of .
fibegs dReqrPotataf| the eaeohiash (Frawe HRMuIkAT Sndaysephoto seen in
. ai . . e _
Fiaffe FLT SrghuRas WerE ol R RETacR gl Bl Sulrial pat ucr
molengamudatnsdwerd obsérvel in orgradibee (Bp(fjutesr $0 () goddf)) at 1

o B ad A TSl e R SR o e
congBEégit%r ﬁQﬁ@fitSérsC(‘F'iérurea’{G FeNMAHhoUBA 4 WRLehEeds Wtey on MTS

M observation. Therefore, when™ differentiation o
assayt éatsl betwasnosssdibersr )i aed «B)onor sigeificantidiffarence 1of cell

decreases. Hence. .there ssibi.lity—tha
atte B3R Fas ¢ FRetndbnindE 15BN o BSEY AR, { Thafiprmpepnen
difféfentiation @ff fetestiast eﬁrdb@eﬂ@ﬂoﬁfd)iﬁéra(igh. Wates h simultaneously
resulted in |ower absorbance than nanofi ber %Q,
deareases. Hence, there, mawhei @ inessibiin dhathbecayss) ofdlis serdqpblast

e i ' uct i vty b h
proBEHh b iR O P b} PN AitePenERER ARt fanaper (8 JMleh reuted
in lowepabberbaneeshanatanofiber (A). Hence, dbr Ineaisd coniitiost, nanofiber
nanof i ber conprising at |east a, polyner and at |easf a
(B) saay ishevs hettebang dermation apd qséeeransictiyift thanypanofiber (A).
polynmer 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 polynmer and
at least a calciumsalt nanoparticle, wherein the
rati o of polyner to calciumsalt nanoparticle is
bet ween the range of 100:0 and 70: 30 wei ght percent.
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2. The construct according to claim1l, wherein the at-
| east first nanofi ber and 10 the at |east second
nanof i ber have a different polymer to cal ciumsalt
nanoparticle ratio. 3. The construct according to
claim1l1l, wherein the at least first nanofiber and the
at | east second nanofiber hgye the same polymer to
calciumsalt nanoparticle ratio. 15 4. The construct
according to any one of claiml1 to 3, wherein the
ratio of polymer to calciumsalt nanoparticle of the
first nanofiber is 75:25 weight percent. 5. The

Claimsst ruct according to any one of clains 1 to. 3,

1.

wherein the ratio of polyner to cal ciumsalt
WB%@E&&&hﬁn@ﬁbérh&)n%?ﬁ}éﬂﬁoﬁﬁﬁ@fd per is 95:5 weight

O percent. 6. The construct accord| ng to any one of
cI aims 1 to 3, wherein the ratio of polymer to
caatieﬂatsealfwstnaa@@faben eomposinghat eashral pedynoet lsed akleast a

Sl SR hendRA RS whall HE atio” bt gltMer S8 RalcHih san
aeopatticlslisbetiwientthetrafgaloflggas andl 1000 waight Id@%entSand
smal ler than the average dianeter of the at Ieast
second nanofi ber. 8. The construct according to an

At leestpgepond 'F%“qf'b%mpﬂs'%@t d?a$te%§Plnye'f ?F%tat least a

a I n f fo

'*?*ﬂ%i*ﬁ%é" Béindpdrtile, Ffileirt HETFaRARY) bAgier A caRRum st
aiarioparticié ds Betwedear thieranbe cft100ethand 70i 36 weigin leirdent.
forns a fi rst structure and the at | east second

nofi ber forns, a sec trycture, a
S RS ARSRIIB B AR, MHETE he il labet list Mapafiper and

Ot]hgeét Ié@stlgecdrrya‘: r%‘?f&?béﬁg{%v%cﬁoﬁme?&wtt pBQFWerogf déflmurg salt

ainms 1 erein t irst nanof r and secon
nmpamleaatsou nt ert wi ned.

. The construct according to claim 1, wherein the at least first nanofiber and

the at least second nanofiber have the same polymer to calcium salt
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.

LLOYD WISE
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11. The construct according to any one of clains 8 to
10, wherein the structure is a layer. 12. The

construct according to any one of clains 9 to 11, LLOYD WISE

wherein the first 15 and second structures are
| ayers. 13. The construct according to any one of

~clainms 1 to 12, wherein the polyner is a

bi oabsor babl e pol yner. 14. 3he construct according to
any one of clainms 1 to 13, wherein the polyner is
selected fromthe group consisting of:

o7 YRRRRRLGL Lo Sy SR 355, wpera g sverace

|OO| d'léh'rdt@thdfdm)e apakyst fikAnaasofibati Tsl @maﬂl@l‘ |thER Nthien average
its native or cross- |inked form

pol iagiatens thec- '?%‘H(ﬁeﬁ@?d nﬁBPf}bq?factl c-gl ycolide acid,
poly(L- lactic acid-caprol actone) copol yner and

@ efhs coﬁ%@étyéﬁfﬁdlgp% atngrdjr‘%l W‘EI%ﬁn% Heﬁbepfwh nlﬁvf at least

he construct accordfng to any one o ai'ms
V\,heiuet nandfiberEoidytineratilsast-secbpd a@anofibet fona. orid SMRHNESE
38 16. The construct accordl ng to any one of clains 1
n the at | east ﬁglca C

5 b6 eERE i abcdi B GV a0 PheBEPSIHOch ettt least

cal st Mapafibenfirths Barsl sifuStutd BAbCtheCH @adfMsecond nanofiber
phosphat e, hydroxyapatite and a conbi nation thereof.

5 1fprmsieeseennst stieetuss eoddvirereinthenrsbard secendisirgctures are
ﬂ‘ﬁ] c?trv? Weé{gﬁoﬁ%rc' um salt is calcium carbonate.
X

cons ract according to any one of clains 1 to
17, wherein the construct further conprises seeded

cdd. The cbﬁhstrﬁbﬁacoaswmgmt aag conieslioficldimsch aon® 1¥herein the first
vvherelr}the cells are | ected fromthe 10 group
conR3nqfibey and srooegn) |§er aieibterByvingd. cel I's, snooth

muscle cells, mesenchymal stem cells, errbryoni c stem
cal The &dibdicPiczetding ftoPBRGYERS 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 construct according to any one of claims 1 to 12, wherein the

polymer is a bioabsorbable polymer.

14.The construct 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, pry(L-
lactic acid-caprolactone) copolymer and blends, copolymérs and
terpolymers thereof. -

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

polymer is e-polycaprolactone.



10

15

20

25

fibroblasts and chondrocytes. 20. The construct
according to any one of clains 1 to 19, wherein the

construct is an inplant. 15 21. The construct LLOYD WISE

according to any one of clains 1 to 20, wherein the
construct is surface functionalized. 22. The
construct according to cl ai%g 21, wherein the construct
is surface functionalized by plasma treatnent. 23.A
met hod of preparing a conposite nanofiber construct,

the nethod 20 conprising the steps of: - prepari ng at
I a first napofiber co r|S|n east ner
16.J76 GATSHUCh ACoR Y 16 G OTE O s 1 181 5, WP 118 Rlleast

roﬁb' BalRiurk O$ M Bamlo gaﬁfﬂle_?'@”éélébfed 'ﬁ%‘?ﬁ’lptgfﬁ: gﬁgé@s cbﬁsstmg of:

bet ween the range and we

pakiimi agrbenateacalcuns estiphiatearncHiciver phosphatsi, ri@ydaoxyapatlte
| e ol yner.,.,and .at 25 least a calciumsalt
@ﬁoﬁaﬁ??\%m%kon t\'/?ﬁ[e‘?oél n the ratio of polynmer to cal cium
LLOYD WSE 39 salt nanoparticle is between the range

17 Afhel O6hdtrt hcéBidiRg W8 iyt o lof Mims &1 18, eftsdrelidthd calcium
conposi te nanofi ber construct by contacting the first
@i ds calsiumicarbenatesecond nanofiber. 5 24. The net hod

according to claim 23, wherein the at |east first

18.”%%&93&%%%@0% i g 8 a}wg%ﬂe ?P&Qﬂﬂ Naf30{ 7 REherdtY thd Bnstruct

sane or a ere calci um sal't
farth@acdmptises ateded aélls The method according to claim
23 or 24, wherein the ratio of pol'ymer to cal cium

| t ticl t i ber is 75:25
19, Fhe, rOTSIBRR iecordins 35 CaThel o hEBTRE el el SFIER g from the
Zgtofp %@l&in?gfl’ofmﬁégb%sié"'eeﬁééfh‘éhﬁf cggéygﬁfootﬁ %muscle cells,

cal cium salt "nanoparticle of the second nanofiber 1s
QﬁeSemmygmm stenc ealls, embryortie smmhoellsamh@ndrotgasts fibrocytes,

FistbBiadtt S chgﬁérr]o%étesmere' n the ratio of polymer

20.The construct according to any one of claims 1 to 19, wherein the 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 salit

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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to calciumsalt nanoparticle of the second nanofi ber

is 100: 0 wei ght percent. 28. The nethod according to

any one of clainms 23 to 27, wherein the average 15 LLOYD WISE
di ameter of the at |least first nanofiber is smaller

than the average dianmeter of the at |east second

nanofi ber. 29. The nethod aggording to any one of

clains 23 to 28, wherein the at |east first nanofiber

and the at | east second nanofi ber form one structure.

30. The nethod according to any one of clains 23 to

3 A RAE B i3hs, ARakLoLoBErgM A BB bercns

famdns a second structure, and wherein the first and
second structures are in contact with each other. 31.
The nethod accordi ng to any _one of clains 23 to 30,

wheP&RANNEe & | GUTPOHI J1aMHibesn §oBelEwsid byarsontastingartee first
iﬂéﬁéﬁ%ﬂr%%% \e?)nwg%of %32. The met hod according
C

to any one o al ns to 31, wherein the
structure(s) is a layer. 33. The nethod according to

24 dihei mesbodaccbeding 34 claime2d| wheneinfthe sdt least et eadofiber and

ructures are layers.. 5 34. The nethod accrding to
3 G BT o ShStieraBaveriBReFATENGT Folient potimer to
RiafmosdMeRAfopttiyiBRatio 35. The nmethod according to any
one of clainms 23 to 34, wherein the polyner is

sel ected fromthe group consisting of:

25 Jde, ergthed ;ageendingplel gleimy2® e 2k i wieereim dhe ratio axft palymer to

TE S ————

its native or cross-linked form

26 piey frthbdduziccorting ¢olelai®) 23 pelojaimazs i whérelrt e FRicA6 folymer

oly(L-lactic acid- caprol actone) cogol ymer and.
P &RRuUMSHNIRRRATtIGR Pl itae SECORR NanpHkerdis 95 Baveight percent.

nmet hod according to any one of clains 23 to 35,

27188 AethbdAcBBINRE to cRaimS2 PO YFAR' 24 35h&R 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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15 37. The nethod according to any one of clains 23 to
36, wherein the calcium salt nanoparticle is selected

fromthe group consisting of: calcium carbonate, LLOYD WISE

cal ci um sul phat e, cal ci um phosphate or hydroxyapatite.
38. The net hod according to any one of clainms 23 to 37,
wherein the calcium salt ﬁj‘loparti cle is calcium
carbonate. 20 39. The nethod according to any one of
clainms 23 to 38, wherein the first nanofiber is
prepared by adding calciumsalt to a sol vent and

m xi ng the- resulti n‘g m xture with the f| rst g
32 Jmeaurneth@daappegimgo ety @net W eclaiiRg 28hto s boM\ﬂPerem the

ns%g dr?&g §I§)?é‘rpared by adding calciumsalt to a

xing the resulted m xture with the
second pol ynmer obtaining a second 25 solvent m xture.
33 HeYinetcdtacddrdiy torblaimthodclace @&ldiwherein theyfirehandsecond

cl algf 23 t 38, wherein the first nanofiber is
'ed by a&'&ﬂ#ng cal ciumsalt to a sol vent and
mxmgthe resulting mxture with the first polyner

34 OtHeairiditihs actdridfig &PANE Bhe BHHIAIRR: 226133 WReFAE Ml polymer is
nanofi ber is prepared by adding the second pol ymer to

& biglabeartbable pplyaiali ng a second sol vent mixture. 41.
The met hod according to claim 39 or claim40, wherein

t o]

551, et AEPRAEE oo BTl 85 £3 08 OURELSE o pgmer s
tseledted drven the glr@upﬂreoaelstumg 61, polsapeolactde, fpd1ya§thylene OXIde
solvent mxture is provided to formthe at |eas

rRlyiLriBetic an@cithe Jelvaycolide sol RelMDlrlagtides .spoly(L lactlde)
%&éw#gg%%éﬁeaioéﬂﬁ o’ﬁ Egc@ adeﬁasuh SF§°HQ AN gk gb?§ss @ed form,

cor any one of c ains 3
vﬂsrﬂy(g’lutahﬂ\@cbilesctlne)s ol pelpacticsglyeslidendasielc onsbly@Huetid  acid-

m xture ar i ded si pul taneousl wherei n the
anrblactona) caPoNe T Plenag. Crbliners 284 (Ghers thereof
nanofi ber are intertwined. 15 44. The net hod

36a'?ﬁ<9"n‘i’étﬂgd RcBRING RS afl dreddBaid®s 29 14365, WherSihthé PBlymer is

€- polycaprolactone

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 nanoparticle 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 salt to a solvent and
mixing the resulted mixture with the second polymer obtaining a second

" solvent mixture.
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sol vent m xture and the second solvent m xture are

provi ded consecutively, and wherein the at |east LLOYD WISE

first nanofi ber and the at |east second nanofiber are
separate fromeach other. 45. The nethod according to
any one of clainms 23 to 44, mherein the nmethod 20
further conprises the step g surface functionali zing
the construct. 46. The netho& according to cl ai m45,
wherein the step of surface . functionalizing the
construct is by plasma treatnent. 47. The net hod

cording to any one of clains 23 to 46, wherein the
402@??1&‘3 h%&’r AREPIdingniP | Y onke of talgimst 23 etod BBy WHeeein the first

R L By MO Y e

t mugmguplxmmmthttre g‘lrgl}‘ ﬁ)olpmaamtaﬁthr@ a Fﬁﬁ?édl\?éﬁtf}hxture and
I oth juscle cells, nesenchymal stemcells
ﬁ’& 50 NAfibeE i Rrenares iy Aslding the seeanstpelpmer to a solvent

fb%ﬂ%@ﬁts%c%ﬂes%t\%}ﬁn?% 5 49. The net hod

accordi’ng to any one alnB 23 to 48, wherein the
construct is an inplant. 50. A kit conprising a
41c bhe srethed r&momlbgrto claist 3 or o&a)mpm swhereirathd i@t and second

0Bt HRR 8 o il AU R <o cal el um

salt nanopartl cle |s 10 between the range of 99:1 and

421Th& (mesthogh bicperidued tto ékwjoneabf | pAfs QQSt%CQﬁ‘dwhereln the first
nanof| ber conprising a polynmer and calciums

solvprirmixtyreds prpided to form tha avleast first yamflhem amiil thiels@cond

iy e Brfulip S BAERR o BablRdnnanaotrai m

50, wherein the at least first nanofi ber and t he at

4315he eaetho@eaonurdmabuw onav ef AN sase fr 42, erefr@iheme first
rrer t cal cium sa anopartlcle ratio. 52.

k?? F?g ang é?%‘? 59 V&r"tdmﬁufesare praMidach Strméltaneously.
ay&d Qﬂ\%r@ihf?tﬂ@ta@“eégt 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 freatment,

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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the at least first nanofiber is smaller than the
average dianeter of the at |east second nanofiber. 20
53. A nethod of cosnetic surgery in a subject,
conprising the step of inplanting the construct
according to any one of claims 1 to 22. 54. The nethod
according to claim53, whergin the nethod of cosnetic
surgery conprises periodont@al surgery.

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.

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 sait nanoparticle is

between the range of 99:1 and 10:90 weight percent; and

_ at least a second nanofiber comprising a polymer and calcium salt

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 nanofibef and the at

least second nanofiber have the same or a different polymer to calcium salt

nanoparticle 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.

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.
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