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& see J) (submiicron scale) 5, 5o 055 Lo (6 gme 3 S zY & sa (electrospinning) U ¢SI1 J 5!
SUASI) Sl s mSIVN 5L Ll Gg e s .Sl ped sl 3155 T JIW2 e (nanometer scale) e )
{Jas 5 (electrospraying) L;%L,J,@SJ\ oo & & pal) jailadl jas el sl (electrostatic spinning) (S
52 g el O e Ly Slib Z15Y dgus da 2385 a0 Jb e8I D3l Lalid) SUYI G
dezel 43y [1-5] Clally el Jg 3 dle oli ks LI (nonwoven interconnected nanofiber mats) 4SGLice
G gl Al Slaladl ol e LI GBUIT o gy Y 33k LS W1 2 33,315 a1 (3 S 6801 U531
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&2 5 (initial cellular activities) &3 5Y) &yl S doeni V15 LI Aol ets cnud¥) duis
& gl S O Ll o (3 Bonnsp WO Bl e 4l g O gllall oSV JS085 08 oS Ul 3401 G
@ pedly AL LU deludly daMI (mechanical strength)  &SGSL Sl g Oly i)
Jie (scaffolding methodologies) 414l Iy LI Jo>= ©lnge jaas (cellular infiltration and growth)
i 58 I LS5y [9] (particulate leaching) <olapwd! 2 o1 3Ll (solvent casting) Lydll W
! [12] (3D printing) Sl AW dellally [11] (freeze drying) (deesedls Cadimdl) Al 5 [10] (gas foaming)
s (native tissue structure) ilo¥! dxensV Loy slas JSW oS il y WIS Ml LS5 e 5,0
Ly domy o ) (SE UG e domndly W el s e 45,8 eSOl I3l bl g 1 AU
WS oMl 25y Lol £l oda @bl A (el e 350 [13] LoV (ECM) L1 s 2 yaall
oLl @ & &alully (plastic to elastic &, J] &bl (je) SIS jatlad e de ot oo Bnniil
[14,15] doeusY dotin Sladss ol e

poly(D,L-) (=8Y-d] «s3) S S Sl Pl B dellavs) ol o 5 L;p,&\ Jadl sl ) £y
S5 (poly(D,L-lactide-co-coglycolide) - PLAGA) (LY Sle sS—uSY=d] ¢ 62) S5 (lactide) - PLA
Ol Je J gual] él ... «(polyphosphazenes) < jlaw 56 L;Sﬁj (polycaprolactone - PCL) O ¢SV 5 S
Sl o 3 Gy S B e lbyiall o oo e 135 [15-18] U1 U e de ymn Tomils L3
oo Bko¥) (ECM) L1 s 3 yauall &y 3 Celastin fibrils) cmsdtY) wlads (collagen fibrils) cpory 50
Ol bl a3 (ECM) &l ol B il & G35 JSiy SE Y5 O (s Lens
WS .[13,19] sV dusin (3 Wpilidad) Vil (6 5ls 2 Aji.dj/éw\ e llao! S BT I3 dnuiy LU
G YSI Je Gab B g B3 gz se Slyed g e Bmadly LS OBl cLisY JU S 51 plasel 4
syl yae>y (alginate) LAYy (chitosan) Ol sxsdly  (fibrinogen) o s nilly Dol
LegslE5 omr S35 ¢ U5l oS 05580 Loagal) BT l3 oMalbl G5 Je g A3 55,415 (hyaluronic acid)
ToendY) dd Sl Jol e plema¥) e 201 (LYY (ECM) 4 s 3 siall o S A sl
o LS Joo Ol jad gl e diiz (U S) L“;LU@_Q\ Jadl el ) ¢ 255 .[20] (tissue regeneration applications)
Lokl - delbho¥l ol udslly dellasVl - dello! (polymer compositions) i ,edsdl @lS o
G gllas IS atlai s (6o bLES OIS sl Dnndly LB Vel 25y dndall — dadall o e 5l
LM Ml elis] Je 5 9gdt @38 5 WS L [21-23] L g o)y dmandly Llld 1y dle ol donudV) iz doulin s
[24-26] fadiall AoensY kit Slicdss o pn il = ord 3y 0 B 16 U550 Bl
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thermally induced phase separation ) L»J\f- u.oj.é\ Soskl fadll iz b s 4%;\0@5\5\ Jyadl Jeleyy
el s WS Aol Cw,aJ L}wj Lgf'-i lea (molecular self - assembly) wi}-\ L;:\.U\ t.whj\ iy ,by (- TIPS
Lyl Ol el sl e L (TIPS) Ul (2541 (s shall Joal &3 b s S5 05 .[27,28] 5l U ope
(poly(L-lactic acid) - PLLA) (LSS jae=d]) Jodl Jo Lo ausns OV o> «(crystalline polymers)
eSOl o i) G el By b Sl (63T AU ey UL BUT e Bmily LY Bl i)
Sl gl B GSE el oold 621 Slbdl peay L gitd! oS I sl 3L 5Ll
Qv -(oriented nanofibers) ig> g0 & 6L U CL:;; e b, poe (process parameters) dlea)! (colsaz)
2 Laby Bellasl Olyeds o Jaill Lioles ¢ 05y Gl A6 hee U805 S ¢ B
s M AV et Al 5 Le5Me &y g A5LaiS s AL 58 LaSluas I3 daeusls LS oMl (lansy

ELECTROSPINNING: BASICS AND INSTRUMENTATION & 9331y lmslu¥l1 1 U S0 J 5400 (V, Y)
Electrospinning Setup (Ju 4531 J 41 jlgr (V,¥,9)

polymer ) e 331 ) sgeae 51 Jsl oo 55 ol e bl Sy o) W) Sl S0 3301 Sl 058
51 (syringe) &> 3 4 35 .(collector or target) i 4f é.?gij (power source) & u.ze 5 (solution or melt delivery
SUASI 2 I B jhze 55 50ms ¢ o glall Juall ed sl ) ggaze 5l J sl (capillary tube) (¢ as < ol
ool tl_%.\ o1 Gl ¢ezs -(pendent droplet) 4.tz 5l &kae 3,008 0 (pOlymer jet) jod ol & (3 el 230U
s e b g ey ul 335 s D g5all S BT ol sdeme (ge dme Bl e #3141 (grounded)
s ) e JUs ¢ (syringe pump) i Beiae U ,eSUl 31 Sl ez OF LAl e 6B e sl ) pgeas
c(gravity) &3 e Gile o35 3 Lol 55 Y1 dazel W5 1020 ALB Slviae pdbd Badl iy el
Joo 55 @l Jually o S0 Sadd sl b e ot (oW ) Al At 2515 k) 05 03 Lo
A B g @y S 3055 Sl =N Gl b s £adl 5 5k AW BRI sz e o sl G5 Jall
e Blae) Slaasdt o Gluall e dike ¢ |51 ool @ JWIL 5 (nanofiber alignment) Ll SUTCawl 5 131312
oo Al 3.3\59 ¢lsal; (random nanofibers deposition) i sie JSiy U O o Sl e OIS W55 el
Iidas Sme 1 (rotating drums) 5,155 Ul shaul alusel ¢ Lty (S (stationary aluminum foil) o soze 31
(@S5 5 . 4w 120 (tubular nanofiber scaffolds) & U ST 13 4y 53l dmensly LM OVl ¢ (metal wheels)
e ol (tip - to - target distance) Cau ! J) Gl e BLLL sLeudls) Lokl Gl J) dadt G b e B
S A 51 LT B Uast Ual ((working distance)  Jeall
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Spinning Process and Mechanisms W35 J ;8 ddes (V,Y,Y)
&l e sl LS 5 (copolymers) &S il ol ped sl s lped sl o sde p18Y SL S0 S5 el ) & )
Joe dlie wlyde Ll @il 5y (polymer - ceramic composites) Elel joed! = ad o1 C)L:SJ.A} (polymer blends)
wlydll Lsds cUiS, (organic solvents) & geaa)l <ludlly (inorganic acids) & g.es)l & ole=Y1s U
Fedl 3 GBSV B Rk Il LS der Gk LS 3 ddes T (solvent mixtures)
¢ (charge separation) L2l Jad Je é\gjg_ij\ Ja e et ool Jo2 e Al ool ladll e (=1kV/em)
3l CIA lede edsdl & Tyy e pd) 5,8 Js1s (charge repulsion) &)l 3L5 Gy JWLy
S5 bty et o) J sk (surface tension) ‘e.x!a.d\ S5l e Ll (electrostatic force) 4Siili g 2SIV
s Lag Sl (63 (cone shape) b,z JSa SU,eSl ik 3h ed ool 5,k dos Sl S
3 el 434 16801 3 5200 05 o Sl sl o OF Las (Taylor cone) b5 Ls 2 el &6 sy 5oke
Columbic ) e 5 51 Jo Ll el Lozl Va1 Ll 35 - o 51 5 ad) (straight elongation) de.iue dlazu
3 o) LSO i ey Sl 515 (Bl 6 8 yomtll laguidl Gy (St 2SIY1 Jo i) Cinteraction
iy s J) g5 U1y (off - axial radial component of velocity) (s 75l (6 kel sl de ) S 0
OF 1 ol ode o 5l GIT Al ¢80 5581 30 cd el ol Gl oty )l JolS UMs 5 . jad ) 0L
(Sl e (ultra thin solid fiber) LUl das), ko BUIT Ko

Iyl 53 oo dlaall G I lsat 558l U 3 olelpdll e elaad) B el 1l
By gl e A gL BT Je J e (applied electric field) k! S Jad1y (solution viscosity)
£ e 5 sl Bl s o5 305580 el 08 O S0 530 s IS g 423 35 65,0 08
TS AL 3L ] el Blle ol plibuialy S5 e (250 U 3e (ool 455 2Bl JIp Y dlead) oda
i) IS o g ) i U o2 5 Ut G 52 Reeker 5 Yarin =236 [29] 38> IS Ly 35 el
.[30] (fiber elongation process) LY &zl dles <U31 (linear bending instabilities) ulai-\ w}iﬂ\ Dl ade
Ul i) e calll 5 le olad Ll dndasy el 3 03a)y Rutledge oL3 5> =35 (35
[31] s W JoSis Lee § Lo ) sy (nonlinear whipping behavior of the jets)
Background and Statistics <lila>] g &Ll (V,Y,¥)
WIS bty e V0 v o) el g G e pdnind ) S 6801 50 il e S 801 I 5301 & o ghas
i ddas (3 423 by u\,u\ oo die ) SLeS Sl Ty Bl G e Ule g Ghand)
(A ) Ees 35 peme SUT LS A s Wl Bp)) 3 Jal2 e G 3 <[32] LS
oo e N e (V) @3, Sl Ley Al oyl S a83) 5o e 3 Bl ULl iy 2y
AW Gpad ) gl (3 G ey O il g shatl) e 31 OF ) VAT E e 3 S5 06 3,60 U3l 0
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idas slr) @ Ay plenal e 3l S eSO I35 8 codar ¢ UV LB 5588 e s Sy (Y AWl Jplsty
ol 3 035 Laurencin OIS 3 dar o) Sl olidadl e dall Ciliz pad g Ve e S S S 5
electrospun ) Gl 168 @553 LI BUT els dualed) 2dle ZaeesV1y L &3l pldszal o S5 e
ST 3 dmendVy LI ol OY 4 . [15] Lpdl Lkl lacta)) J:,-T - (highly porous nanofiber scaffolds
7ol Byaall BUIT L2 (3 w5 SUIT sl 5 (material biodegradability) ssLeld (g st Mol ZL6 (g ped 5L
B 01 5855 edanlly &gl e 395 AT o Bl ko) 5,630 o 280 ol 58 ¢ oY1 (ECM) 2
ToensYy LI Ml g il gl sde (3 poluce & J) SciFinder Scholar cye 5,542 o al) dowdl
Jeb> 5 gl el s e 01 (V.Y (035 S pn &gy haltin 5 LS (g 5t Jlontld 2RI B8 805530
G S ST Sl e £1d) By WO oMl 0 sde Ll gl ead A8 A1 B ods £, e

(tissue regeneration applications) dses¥y! Lud li s J;-T oo el

i & K 2 §
i’ D £ Gy 0; i $Q
5 & 7 N T = 4 &
@ ~ s K 5 4 g P
8 3 ;e i 5 3 4
§ > J 4 i 4 7
& 7 7 3 e .
8 € g 7oy 7 7
7 3 j 3 g 4 3 j
i, K S - ZJ !
£ ;7 5 5 7 2 &
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5 d = 3 3 7 J 7
N (- SR A A A A J 74
LA AN O A A R O
d . J - o N 3 3 7 3 ¥
~ ~9! j 5 j‘ < jf’ Ja ,;h jl 3
o & '~ o é? - 5 ) 3
]'9 3 ] 5° S ¥ . :
d F 7 S s 7 444
3 3 S 3 $ & .9 $ $ £
N ™~ N L's) 0- ‘\/ D V Co
\— J - J
ddosll jelas g dudo wilandas

(nanofiber matrices) $ll BUT o DB sias pad JuaSH S Bdos @ o Jodedl SIS (V1) o3, IS
(electrostatic spinning) (Seitiw 5 ZSIP1 J 5801 gl Lol B g pall g JU 16831 001 Aibad 0 de giza s post
i 5 By N ge gSTys) B s gl W1 AE Okl 3wy OT YL OB s b g
nanofeatured ) H (5 gt G O N3 ol LD Sl $LESY o y B 8 031 55531 3 S S

-(regeneration applications) 'izm-iéi‘ .g.@ Olded (scaffolds



Yy Aot g ol e Uil 16 05500 A5 &y e 3y LT ol3 ol LD Ml

100 -

80

60

40

Slygataill 2oz

20

E e @

0 b O ats,4

2001 2002 2003 2004 2005 2006
(a) el i (b)

& Blessl Bygadl axi Al 3 31ysN1 0 34s () (electrospinning statistics) gb.,@-ﬁ‘ dA olar] (V. Y) o) Jsad
W31 Ol ((electrospinning) ghﬂﬁ\ JAN" wdhall alususl (SciFinder Scholar) ¢ Coudl
o Gy et YV Lyl Eoudl W iy " (tissue engineering) &1 duwiid ((scaffolds) domi¥ g
SN By gY e sus J) oy gl s Cias oS8 (b) W g I S e Y By STy gy YV
AW G e 1 3 ol ) e AST L1 gt 5 dacdall g s lao ! Bzl g U OVl J gl
ol L;ﬂ'f)@ﬁ‘ Jelsy & éﬁ;'-izﬂ EYYLARVILRONEY & el S o 5t & Oy gt & Clala
(mechanical properties) Rt DAlabl 3 Gt o sllaoY) g dankll 311 ailes oy c«ﬁ Q\
.(bioactivity) (5 g1 JLadl

Relevance of Electrospun Scaffolds 4wl dwdia 3 \f»b,gf A g ) o1y W Ol &PT (VLY €)
in Tissue Engineering

5 gl @lane (ECM) &) 7515 8yl Jaw 555 (ECM) &) o s 86 it slias Vg domns) (3 LT blsnd
i) -l B saall @iy (signaling molecules) 3,LaY) |8 ol & 053l (cellular functions) 4 5l
oS e lal IS8y il Aty gl Ve LV e sl e 5 (fibrils) i (ECM)
A o)l B saaal) a;,su\ Sl e Aol L bs U551 3 o0 L 10 Vs S gl s (S
s AoV patlas s Ll Ll s (3 @Sous UL LY B ol e Jeland LIS Lo L2l (ECM)
S 530 0] [33] (ECM) &k 75 28 paall 2l s &y Gy S (SIE LI oMl L) Lt
o G 3 U el we (biodegradable scaffolds) (5 sk vl A6 donnil s LS Ml sLi3y & po 22 o 52
I on B8 55300 51 BT o3 a1y LI el 35 Jllys (ECM) 31 1 )ls & saall oliy)
(topographical cues) 43l ,¢ 5 b <lgs (polyphosphazene) y jlaw 58 L;SJ?SU (PCL) 5 (PLAGA) 5 (PLLA)
LS A e gl o Leghatds T a1 5T x5S0 S8 o i s e s i 5k el J) (055
S OUT ol ol sda o ygbl Wiy .S Al 2l 3 (ECM) ad 7o\ saall (PCL) o1 (PLAGA)
SMald a1 g L0t 2 gl Bl (S5 WIS o) ondlp 5 el g pledly SIS GLadV 3 5P
Jail y2 ey pad Jally A ek 3 N el s ) o OF UL aS 255300 25 LS

eV ddzn ©ladss ol e doensly LS o S
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ELECTROSPINNING TO &b DUl O3 & pd ¢ Boewily W oMl w6 U S0 301 (V, 1)
GENERATE NANOFIBROUS POLYMERIC SCAFFOLDS
Key Parameters Influencing Fiber Diameter WY [Sag Jab Jo 5§ @) G JI SI3uS1 (Y, 7))
and Morphology

sl e J ) OF V). S8 300 Go b e g 03] 20 S (6 e 3 Dl ST e Jseadt 0)
(beads) 15,31 o S BULY e gt S LS O pad) O Lad ST sa o pllall L2015 ety BT e
ool Jhd Laisull 58101 e Lo QL5 L) BLIT &y 3 ed sl (0 3 0 (aggregates) LSS a3 Al
3 e 52 S Iy e A U O e lsian jed sl (V1 58 A1 ety « BN e 8T 5 -

(V) @, Sl

20 wt% PLAGA, THF:DMF (3:1) 23 wt% PLAGA, THF:DMF (1:1)
; 1, g \

(c) 23 wit% PLAGA, THF:DMF (3:1)

et 5515 0 Con gy S Uy 0 U S s S SEMS) ol 33 I 1 550 iV, ) By S0
Ay o Yo e Bl Jus Blaw e @AY S a2 o BUH F Wy cadl) SUSey e sl
(SEM) IV 530 sglas o] s ¥ ool B35 Jubmag (VA 5le 13 Bl g (I P5kST Yo ooy 3ab U S
O35 1Y+ ey gy S5 s dnd I by oty (K55 () PLAGA 85/15 (0.7 dLig) Jgjal yedd sl
(C) (THE:DMF (L:1) sbey Uy ZY¥ 58 5 s sl O &y & 8T 1y 5 (b) (THE:DMF (3:1) by
ixddydl Ol padl oda JU THEDMF (3:1) ey (B39 ZYY ;85 de Qaall oo &l Lgb U
s Wy s DUl IS e J gt o pee 56 o £ 52509 (©) ) @) ot e
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(polymer and solvent system) ues e s ol JS Jol e e OF st o gud el Jralsdl
ol g ébjgﬁ\ I3l (Q_izﬂ\ 23795 JSJ (polymer solution properties) ,oJsJl Jol2 ailas Cilid &>
oda Cigaas Sy gl Sl il SUT 2 wlsal ade Geed (g)5 a0l eg Sladdl et
el Bl Ol ey @Soull o) ol iy e sl sl o pane s ol S ) olsad
Polymer Solution Variables s 83! J sk O pae (V,¥,9,Y)
JJ\ O] .(polymer solution concentration) ,eJ ol Jol 58 5 oa L“;LU@_(J\ Jypl g Lanl ;SS!\ st Jiﬂbu‘ ol
Oy ST J) Bl U358 0F ey daisl) 5100 ol LI e B33 ST o AL 8101 s ol yad 5
5L @3 Laie by AV Jaif ny (@ VY @3, S @l 2 2 WY 2o e ST o Byl Aaibie IS
Olyst sk by 3 (polystyrene - PS) oyt sl |2 ;JJ; Lie (JEI foew e (C V.Y &3, IS 58 A
IY v im 58 5 de Lg\.:ﬁj s (B 7Y e 1585 e il p Laid ol ULy ¢S (tetrahydrofuran - THF)
Lo3de as < Eumn (Upper threshold) Ule dze 5lons ) 5101 0).[34] U5 70 58 5 e Jad Uy (G35 /0,
Jes JB1 o 5 00 3 83l O cpo o M1 e [35] B U3 O S Y 2 o ¢ pad e IS0 50 85
3 (PLAGA-D-PEG-NH,) ol s JJl2 ol M5 &8 po 1o o1 B8 po 330 odn 0555 i « BUNI Jlas (3 30301 )
SUI O 6 ganze o gl 185 (CP) VYTV JI YT+ e 515 [36] diki2 J gl dor o5 Slie 58 5 daliz lgde
(A e st VI J) 888 e BT sl Jaus e 3201 Celectrospun nanofiber matrices) U3l S 3053l

ol Sl sl AT e P (charge density of the polymer solution) ,«.JsJl J gl L LS O]
A3 5 pidl 51 BLai¥ 54 55 (solvent composition) —udll oS 5 35 OV IS o e 35
Jl2 doed BUS e Jpldl 3 (G500 355 83 SWYI, &suall o3y ~eY1) (conducting moieties)
Fdsdl dgl2 J1(035 71) 8 o LS (sodium chloride) o 55 suall L) 5IS J2e =Sl L) (o1 285 o5
solution ) J 1 056 T &lo g 3534 (355 OF 2 2l a5 [35] il 1 e s & 6 SUIT 23] J) (PLA)
R R R g P e ST BiS ) (conductivity
Sl o s ie BUIT ) a5l e e Jans (313530
Controlled Variables (.S:L-U dao3 O i) (V, V00,
capillary ) (5,20 Jladll s (applied voltage) Gall agdl oo Soull dalold) ol idll e Sog A oy
Aokl e ol 1 0f sl Sl G z5Y (polymer solution rate) ,e sl J gl 3505 June s (diameter
s GUI sy 5530 e iS5 Lo 4353 50 O 5Sr (threshold voltage) dall dgs: el 5L S0
ot et Lo GUN S e W S5 OF oS bt a0 Y] LGl ) Leeas skt by 2 e
(poly(ethylene oxide) - PEO) (cpd¥! 4.uST) ol e sl N ZBlE Il Jew e gl 3 (“rougher”)
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SO sl ol CIS v ) aght wly i ladis s <l LS 0.0 dgm s UlgS U5l
JSa 0T L BLoYL @13 21 e dy M 281 L PLAY U 3L 801 5301 Eles 3T gt 3315 ool 435 . [37] Lt
Ol oda 8 Sy [35] &y S ST ISe J) (spindle - like shape) J5all 4y &S e 35 A8 ool 4
[B7] yod 5! ity el 1 g oy 0555 OF 2kl 5 gl S i 358 ) 1

sde ) IS Sl e IS GUYT S g o e 156 Ul (needle diameter) 5 ,¥1 il o)
Jﬂbu”f‘l‘ S 5 Jeeld S S0 J 53 ol sl <358 Jeadl @iy Laurencinﬁﬁﬁj.ab’}\yy?
Yo sle o35y, C\Mat{j NETWAY S 5 Le (methylphenoxy substituted polyphosphazene - PNmPh) -, jlaw g9
18] b3 A1 e & BUT VA JLall s 3,01 358 Ly J3all s 5 e BUT s (25 - quage needle)
J5T s 455 ) B L Jed Gl g8 05300 BT e oS 36 5550 Gadl 15,1 ol ope dlcalls
L Laurencin ol 22 3 L\,LJ@S A3l (PCL) 058V 5,8 Jold 5Ll W S C | R WOV PSPE g R
Ve Yo 5 Yo Blie e 134 e 801 e gl Laiy 33 e s Ol et V0 e Blis

A Jo o 5T OUT mrnas diaey (S0 e ped sl S snme ol U5l (Feed rate) L0s5 dure 33
o 58 BUIT 2285 / Tello VO e el 005 June e (PLLA) J1 e Bl 48 053300 51 LT sl 3
3 ) ety UV IS jed o) L055 diae (3 oWV 3o G (3.[35] 5,8 ol
Ambient Variables ! &) O pize (V, ¥, 4, 1)
dysb My 5 ) A1 i 5> J2e (ambient parameters) Al &l ol zal ) ol 3b ey w\;—? V. AL ol s Sl
I gl batie Caises ST s Slul,l odane & pgbls . SU S0l U331 dles e Gairflow) <15l 3505 5
Bl Ol s ke S el I Laisell Sl 301 ) S (s Ao 3l Sl s 3 JUeS)
e 10 n 8 &b 1 355 o1 [39] S OUT e IS8 e dsbo 1 3G 05 575 Casper o 43 .[38] e
ST s e ol USC5 bl 6 7%+ B8 dgsb,y i s Al GUN O G 3 ¢ ) SUT 1S5
003 el by e 5345 e Sleludl e Jel e (Ve VTS 0) digbe ) dd 3 5301 s 285 5
ol 5 el I lal S (gm <l5 OS5 ¢ JalS ISy U sgie (pore formation) aludl JSias oS4 @ U5
ol sl ol 33 ey .[40/] LGl ik, & g Jal o2 Lav;;.c Godd gd\ (evaporative cooling phenomenon) S
(highly charged polymer chains) Jle (S5 & sl jad o3l Jodhr s @2 Lotind . Sl oS3 3301 e W s
2o ot LS 3R £ .g_/'a.x?.S\/g)l g gl |35, (spiral loops) & g3l Sl (3 5o Lol cOudl 52
an] O ey 38023 -Sc 5 . (grounded target) o)1) Sl J1 Joas OF ) Uinny Lpnny o 3y Bioml s LY
JS..».» $A Y S el fwf O Sy Bl 52 GV 8 > Leze (spiral pattern) SaAH JSA o1 Lol
;nonconducting material) il yo oé dsle plidzaly SL eSO 330 Sle uzlaf of Gl o e 8l Jby . b
S SUY Sy e e 355 2 dsb g sl A de s 388 i (6T el ) 335
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Various Scaffold Materials &ewd¥! s U1 CMald- ddksdl 3141 (V, ¥, Y)
Synthetic Polymers &stlaeyl Ol o o) (V,¥,Y,Y)
Ol 3l gaS \f,S Iue 5 (synthetic biodegradable polymers) Lﬁx”’" Hoedd ALl delda o V1 Ol o 5! aﬂlﬁ
(poly(a-esters)) (ol zu) — W) Pl Sl Ol a6 O ] LAY dakia Jab e Dy LU
(ol kgl 53\ (poly(phosphazenes)) (wlylies3) Jsdls (poly(ortho esters)) (<t YY) Sl
(] = WD S5l 0B lgiy o dnad¥ly LU oo Slidad 280 Hoetl] U5 51 508 (poly(anhydrides))
Yl e Cti,» L‘;:Jts (PCL) 5 (PLAGA) 5 (PLLA) 5 (PLA) 5 (PGA) (LS jaex) Jo S5 3
oo il WS Ml g JU S0l 3 Bes 3 Dlee Y G adsT 08 Jowtl) ALB deldao! 5l g8
oYl il Sladss ol e S OU

Il Y=o Bl ¥e¥ ¥ eV eV ) 3 (PGA) Il ysds 3ok e (PGA) U 3L 16801 U3l 4] ¢
\j.:.g;\gu LY ALY o I 3 U e J sl Lz 581 5 e (1,1,1,3,3,3 hexafluoro-2-propanol - HFIP)
ie oz s (PGA) I oye ST sz (hydrophobic) =l thsﬁ gy ((PLA) JI > ¢ 255.[41] (0.2 - 1.2 pm)
i 95 AL GUIYI 0l gaae SIS (SN I 52 & piae lpde 3 W pgus <4 Aol (methyl group) Jl)
oo e ynall gL BUT b sias = ZJJLEA Mousld Jgbl diey ol b by (noncompliant) ds slas o &) L85
olas 53 (PLA) 5 (PGA) e drie jads g2y «(PLAGA) U JL oSl J530l ol ] ¢ 455 .[42] (PGA) JI
&l 5 Luslus 13 (3D nanofiber architectures) sl LT e sl 4555 u.f Wl claiall A AL 5 S
plsval ¢ Y 3y 35 [15] Emnd¥l dutin ol e By L oMl Lgalisend e 2SS
e Bomnily WS Ml cLiy el Sl e (0 / 04) duy (PLAGA) JIs (V0 / A0) ey (PLAGA) J)
Il ol e 8 e OUT ol 5 ST Blin g dualine s U a5 o (ECM) B -5 88 piaal) 4812 51 U]
325 «(polydioxanone) & $lus g J ol S S I3l o) ) U ¢ 455 .[43,44] oot i Slads e Ll
Jl e B0 Bl W oMl w353 (HFIP) 31 (3 <(PLA) 5 (PGA) ¢ wy IE ditas oo B3 41 Jle el s
o el S e (PCL) 0589518 sl s U ¢ 43 5..[45] (soft tissue engineering) 5 s~ JI Zxwi¥l duvia
(G Y 1) p0) e ol Pl o s s gL BT pe Gy WO oMl 1S S S0 5301 Jr
LSS5 SlacS B3L 3 patlas ls el g (6 1 88 Lol ol i b Jodl A5 [46] U L5 50 Jole s
3L JsY sl Laurencin @l o2 cwls W) L) dddl olidadl calisd dlieg (‘&»,.U ol AL
[l (S5 o ) ST Jodl 0l padsdl oda 406 Joiiy wlylanwg Jodl e dpdald L e80!
poly[bis(ethyl ) [} lac 2 (jsb"ﬁ JD Sl L“;),J\j « (poly[bis(p-methylphenoxy)phosphazene] - PNmPh)

[opilaw 58 (S 5ud Y S 5 S) ST Jodl s (PNEAMPH) 2 2ill Laa 1o 555 « (alanato)phosphazene] - PNEA
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oo sddd] eusYly LI bl U4 Ui [18,47,48] (poly[bis(carboxylatophenoxy)phosphazene] - PCPP)
£ 465 [18,48] falan)l dpeni Luotin it Tulin S5 U 38815ty inee JIE e 3 U 51 UL
S 3,%2) Jss (polyhydroxybutyrate - PHB) Sl s =Sooka s S DAl el ) Cal 1> 350
[49] oot sty il L Ml o 523 (poly(hydroxybutyrate-co-valerate) - PHBV) (el Jb— S—ol 15 9

Natural Polymers &amlall &t pod 61 (V, ¥, Y, Y)

LS eSald LY sl e e ol 35 pmas Caom 8815 Lol andall oW 0l ol jad sl il
G55 Sty BleS U5l Gl S O ol lsauall sda Jo S G dukis Jol o eVl
o Q.L;i £ A dadall sl yam Sy aab s Sl &l § Laclall (ECM) 41 - & sinall
S sV el e ¥ 5ST1 J2e (ECM) 204 Zob Bsaall Slis s (1) & JL 401 J 53 Jab e Jlze
O sle ey (fibrinogen) (n 5,2l Jie (serum proteins) el Jeae s 5 (Vs oy Sl
Sl Ol e b 540 dr s A oledpdl (V)5 «(myoglobin) (ke sdis (hemoglobin)
s Ao e
Jotom okl @ JUly ¢ B e oall 3 (ECM) B s 36 giael] st 1 O5SU 5 (Y 5S01 0]
I el WSy Apdl Latlad) S Al cdldigd) GVl W ol g Sl St
i g (HFIP) (6 gianl) odl) ol gy 3,68 Sy IV Jaadl e rn Y 5801 idklane o a3y oY1 (Y oS
B gaaal) T gt 055 525 ¢ ¥ O)L[50] sl e aglb VO EYOu 5 aogl g0V e e G alonsd
) sl e Olpdll BLG JISET sk ¢ 8y . Lol alSs 3 Olpdl W6 & ((ECM) L4 ol
(recombinant human tropoelastin) (Calssl) o alll Sl oyt b S (el 5 ceel-a)
(resilience) ¢ s N5 HLSVI e 5,455 (elasticity) & e s S BUT IS doensV1s LI oMl G
S 5 C"\ 455 .[51] (vascular tissue engineering applications) isle Il dous¥) duiis Slidss >l o
(minimal essential medium - MEM) o) oY1 ) Loy (HFIP) odll e (o s el ol (59,0
Dl el ) Ul ¢ 085 [14] 5 A1 ol i) Bolio 2 U Ve JIAS e oy SUT e (0 LT b sauas
S e ol 1 (ol 3 552) sk 5dls () Slias) (g ke gl J2e (globular proteins) & 5 ,SU1 i s, U
.[52] (oxygen delivery induced wound healing applications) ¢xewSY! Joo 52 f_é\ Cj}.—\ g=L:;S\ oladd S
Sgo o Byl BT I3 LTy WS oMl 25Y 5 g Ll I A8 gl ool oda J) BLSYL,
[83-55] JL S I3l Gob e A5 s dldl e s ld Vs Ol Jie (65 Jlowtl) A6 dnl
&5 (poly(vinyl alcohol) - PVA) (il J5=8) s - Lacdall Ol ed 5l T ek b Ul ¢ des S J’-T o9
3 sdelucall U35 +U1 (3 OL sl ZhWls Gy 431201 (PEO) 4 (poly(ethylene glycol) - PEG) (cali¥l JsSke)
G Goalall / ) gl Slshae IS a5 £ 435 [B6,57] (sak) 315l e BUl e SUYI (S5
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M,\E\JU}LJ\ 5,21 Je (crosslinking agents) ¢LLis Jal s aldseul; (cross-linking reaction) o !l Loy )1 felid
uﬂt.ﬂ S il ol e oo el (vapors of formaldehyde) tals 54l 3}4} (vapors of glutaraldehyde)
LSS Bl LSy (photo cross - linkable) ¢bladl of o azull & 32l Loy U ALl (acrylate) <ol SYI
end Y1 Lk d LM SMaleS Lgalusezn e 331
Polymer—Polymer Blends yes 31— yod ¢t i (V, ¥, YY)
5 G (8 s~ onse S yd 505 Bone = 2S5 k523 8 5~ 1S 5 1 e 50 BT ol
o Bl 3 Lt bl 455 (s il ledsdl patlas S GUT s oSl oda o aed . 68
B8 e £ 1 LV il 1 ol gal jimny sy e Y1 st oL (mechanical support) SIS sl
e = PLAGA) Ji5 (Ol 2S5 = PLAGA) JI 5 (PCL - PLA) J) Lsts- 5Ll LT ol doensW1 5y LI ¥l (3
/525 (polydioxanone - elastin) Gl = O $luS 03 Js25 (LY S = PHBV) Jig (5 = PCL) 15 (aadly) =
Lyl e — (e (collagen - elastin) cniwdy) — (=Y S 5 (polyaniline - gelatin) ¢S — il
.(gelatin - hyaluronic acid)

iS50 Gl (PLAGA) 5 (PLA) 5 (PLG) JI e de snall sl BT cols donnd¥ly LI ol glil
3,42\ (PLA) 5 (PLG) J| (PCL) &Lo] o 235 (extensibility) sl e 5,081 J) 285 g8 S5 poy 34
Tl WS OBl ] J) el (ol ¢ SN BT ol ganal (ZY 0+ JIPLA 5784+ JIPGA) saadl e
Gl o Sl gn B L)l O ped 61 OF e @ ey 58] (arterial grafts) L4, QAQLS O 5S4 pllall S
oo A2 (processability) ddeall Wl Je 5,08 Cias s LSS B i O Y1 il dudid s
Ol yod 5 S8 531 (1 435 (scaffolding applications) dxwi¥ly LI Jem clidss T 0 Lgslisnu
Jor e (SOl elaly (o 33155 o S5l 0 Bk B past S ) Sl el e D122V dn e
U At domly L35 0l 23] J) (083 = odl) = PLAGA) U 3,601 I3t ol ) Jual
ki Ao Ws & o ailias 5 / ASSS jatlas iy (ECM) L1 s & 522000 4812 5 (bioactive)
S I T e G8heand) ddeall 5,031 e (PCL) 1 o () 50 e A8y .[59] 593 ) dorensY!
U ¢ S .[60] (chemical cross - linking) o ) SlasSIl oy I &gy & llall 55 15 SIS BN G
OF G e Loy g0 Heedd LIy (conducting polyaniline) J.pjl\ AN} Sl o sl NP
faall ¥ L ol e A03hy Upm GBlse dmily WO 0Bl s S,eSH J500 Gy b
By ) O jad sl e e sl BV WU ol (3 L1 LT e s [23] (neural tissue engineering)
o sSeM o g iy (oY o SV o) (resistance from rupture) & j—exd daslan xSV — Y 4 ST
LM dlel Glig 058 (w1 10) (pulsatile blood flow) L) el 35y (irreversible deformation)
[61] Lle I donedVI dokin T o dlte sl
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Polymer—Ceramic Composites &l pw— youd 39 SLS 0 (V, ¥, Y, €)
B e s &l G e sas 51 GUY LS e Ll (nanoparticles) & sb clapess sl st GUT oo
(particulate system) L;LMJ—\ pladl s Je J.wjj AomusYl LI deld &g d) dab ol GUISy LSS
B e Byt (B-CaPO)) Slamars (HA) il uSophs o Ciljlly (Slagmr o 0556 o)
T (electrical conductivity) G\, ¢S U 555 2.851Sn Blze (CNTS) 2y 1) 052, bl Ja5 G G ¢ alanll
AL oY1 L) Ml

electrospun triphasic nanofiber ) U5l ¢S &30 131 4395 5Ll GUIT 3 daees¥y L) il éb:j
(PCL - collagen | - HA) (il oS 55l = 055V 5 518 ol = 591 sl (e oY 53 (0 e yraall s (scaffold
FasB VAT J1 00 e jha as n¢ GUIYI I3 V15 L OVl 0} oS 0l )1 (3 odand! (e U ¥ )
JEl bt VY dedy 4 Jolnay (ECM A1 ) Baall 3 LoV o V800 e s dr S8y 39155)
AL ol a8 [24] Lebaal eV dedis 2T e sdely Duily LS ol 0S i 0 (2.2 Gpa)
812 &b S g LI BT e LTy L oMl 215) J) (HA) bl S 55k = 0dhand) 430 16801
Uil LS [62] g 511 Gpalial) oY1 stin Jol cyo iartld 5 (HA) T o550 e oS 5 e Ui
(ethyl valinato substituted polyphosphazene - PNEV) 5L JG |u¥L u.'p}&\ ol 58 o.)jJJ L;QJ«&J\ Iyl el )
osteocompatable ) Lala:— i3] gre doenily LS Ml Ly (HA) cosll S 3k oo SoeF) Ml Ll
LSS el bl i) [63] el Ave s Voo o sl Ul GUT b U dxaey (scaffolds
Okl Bkl Ll L35 S Col¥) e L5ty (PLA) e Ul 48 A5all 5l GUIT ol 2ol
O daslie L.,LJ.@S wjl\ Maldl ol e pmaiy (ASSISL jasladl 3 5252 (multiwalled carbon nanotubes)
L] ool aib ¢ Uil 168 Wy (CNTS) &y 51 &5 5 SN i1 0T Loy [64] Apand) o) vt S5 o]
B 3 2lE) ULy ¢ (surface charge density) dodaud) L2l S (35505 J) (CNTS) & 51 O 5 SUI il
Ly 05,8 by (HA) bl S sddl (o Bikiz OLS 5 e O] JU 483l J531 el GV
M sdd S S e 5315 LSS B e J (535 OF S5 (CNTS)
Various Methods akzedl & il (V, ¥, ¥)
Solution and Melt Electrospinning ysgall s J soeeld JU K1 JA1 (Y, 7,7, 1)
J=1 e Chigher viscosity fluids) 500 LIl w1k 5T gl o dale dia L6831 31 Gudss o
AUl o 00 D & ol @z 28,3015 > -y 3 5 (gllass transition) > Jsf o)l dm s L Al ad s
MV i e By 8 551 B e Lgsbbe Gopb e Ly e ode 3 Ll G b e Ll B J5150
s Jeonall JL SO a0 OV oyl A SV e alaall &I coedszal 435 (melting point)
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a3 A Lyl SIS e JB) e 585 01 S5 (polymer solutions) < yed ol 12 OF Lz J) U3
Lt G oo o U5 3 SUYI IS5 5 3 Ol 1] 8 s Vi s BT D5y 5 o
.(solvent composition) —udll .S 5 si (polymer concentration) e sJ\ 58 5

sseael) Sl eSI 5l alisnaly SUIN G e 2 ke 35580 Jlae V1 3 YL amy Alia 58 3
Ol AT bzl Jgloeal) S D5 Sl agaall 3 adsdl Sledl wliy (melt electrospinning)
3l ol a0 O I Ul gl e Ba8LE 1y co )l ) ) ggeall jed 51 J) B8LaLI (heating mechanism)
polymer molecular ) jed o3 %531 05505 551 A1 G2y Les Llaadl ol (3 gl (i) O) LBl J) s s
Wy Byl Ly 015l (polypropylene) cakys sl Sl g (e Ll 03,515 Lyons el A (weight
455 .[65] ) ggmaedd ool o3l e il Sl S agdt (3 83L el 5 0351 3 s OF ) 1ok
55 Jshoald S I a3k pllee 5o e e iy Uy 65T Bl oS Wi e pgealt U3 0 Ui
(poly(ethylene glycol-b-caprolactone) - PEG-b-PCL) (0 SV le—Lﬁ—d S 3D Jsd S Sl o
oo a8 15) Sl e I Lo ST 23] 1 (B0° C-90° C) &y gte dorps 4% 5 10 L sl 550 ol o e
3l Ve ol Bl By sl / Galdee 000 e BT 5 smeld 3305 Vs die Gragil VY e J) Yoo
laser ) 50k e Sl 05,5415 Ogata addvad 43 [17] Ayl BUS ade s 3 56020 ST zbl JI e
5 (i 3e LS L [66] (1 pm) jre g ,Sile V e 81 i Jas Jas 20 we (PLA) e 511 GUIT 15 (melting device
Caladl Sladss ol e dduall o1l Cadad ¢Sy (coaxial melt electrospinning) | sgual ol St A
e sl J 38 43 b 0] .[67] (controlled delivery) 4 Sl Joo 5t i las 5 (microencapsulation) s 5 SuUI
s Y s 3 DLV e sk der > Al a1 51 A Sl s 38R (35 A Dl ped 5l pe L
S e e sl Olusadl e @b I e g6 sl Houtl) AUl ped sl e k) T g B3 Jall 0 Gl
Gl &y guizall 31 pdd BT 5 g 5 pke e SN BUI 0 BTy LS Bhalom ol Lo a1 )yl L 4831 U530
oY) L Sladss e il Ja T e (toXic organics)

Electrospinning with Different Collector aoreld ddki# dwiin JISaf plusauly JU 4SS I3 (V, ¥, ¥, Y)
Geometries

o) F Al Ll Uyl ddes (3 OV med Ul (collector geometry) menel) il (S 250
et 735 (fiber patterning) LIV .SCas 5 (fiber orientation) G 4o 5 51 Y aezeld diki dovin J&s]
e2ls 5,501 Bl | oV peas gl G JSal alaseal ¢ 455 .U (controlled deposition) « « S|
i3 ¢S a8V & saae s «(parallel electrodes) &1 skl 450 ¢S CUa8Y1 5 (disc collector) o 3 JS& e
oo e Al Adany @Sl 2Ll (ring electrodes) L.aldl 451, ¢Sl oUasY1  (array of counter electrodes) il

3 055 Sl el J5adl 3 (Jet velocity) Gl de uﬂuf .[68] @é\ o S Gl el (S I3
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352 oo e 18 Uanal 5 il 2oy o T Byt 59 5 51 B o] 3 51 3 0 VAT )Y 30 DU
Sote sl haliz am 5 Il Gl de s e 20 Je V151 YA 50 ole 1 6355 . (axis of rotation) O sl
(oriented fiber scaffolds) dga skl CBLIYI 13 doned¥1 g LI Mol 0L Lo o) 45 5 .(mix or random orientation)
GUY @l3 BensVs LU Ml L lie i Olsll 52 Jsb e 20 il 2S00e ailas gl
S ! il IS8 (63 c‘,sﬁ\ el £ 465 .[69] (randomly oriented fibers) lsie iy dgx Sl
(layer - by - layer aligned arrays) dalall b 2l dawol po b s22e e J sua=l (quartz 55,11 e g;u.afi‘) Ja
13l eS Ol sl ¢ 6 5T 2o ay [70] gline S AL &30 168U QWY 55 )b Go b o0
Sl Sl LS 3l ) L sy e ne L 3 GLI 5k s oLl Ll
wdn JIKT plasal oy sdaied) doeedV1 5 LI oMal> u£ 5 .[37] (controlled or constricted electrospinning)
RENU [P WNTINE BN il amal) 2l

Coaxial Electrospinning  geesd! ‘;?Lueﬁ‘ JA (Vv

(two coaxial needles) (x5 ) s>ao (15 ) (o 2wy (COaxial electrospinning setup)  g>ee dbﬂs Jy ol b
SLES wws iy Y1 (experimental setup) (oo 2l 5Ll OB ¢ Al aad il .o b (it (it
a5l W I3yl ad 5l il plons B Ao g5 5l Sl 80 D530 T pn pinal
.(core - shell polymer nanofibers) 5,455 <J @13 &,ad g L9506 OWT e Jgaadl (Kl e < (coaxial tip)
5Ll (Flow rates) 5.5 ¥ adag @Soudl UM o LI Sl JJadll g 55801 5 ) 8 Lawy 2 ol o oS
Sl 2] J) s LS (g5l Pl BB jed e me 5d Jole 5l elas es @3s - s 1)
oS &Uis s .(controlled and sustainable release pattern) Jyde s 4; @Sowe G| Lt ol L2k )l ens L
Sk o) BSSIS By Gl jed g b 2) s bladl ey OF (coaxial spinning)  swell J 5l
S I3 O [T1] 5l (g bl e 286 A8 pailias gl onily WO Al sha) (U o 5
L;?LEJ@-Q‘ I3l ey dadt sladadl e dly g2 (cell spinning) L1 J3é i (bio - electrospinning) St
syl I3l plaseal ¢ oSl 5, ,S A Ao o) gl liladl J) B3L YL . (co - electrospinning method) 4 =2l
G gedl o ) S il Jorl e BB 2 DO Sl SU e JS e B2kie SU LY (21 Eb e
.[72,%3] e 42l (biotechnological applications)

Multispinneret Electrospinning JjWl! siae Ju 531 JA01 (V,¥, ¥, ¢)

alsa¥l e (s / @l pble Vo = 2335 / g Sile V) (single o) 5 e Sl Ll Jassell Gl as
sdsia Fl S U5l pend L8 Gy b e p ZB1 dune B3 Bkl (] O S Sl I3 e sl
(multiple syringes) ssdxwe 3l C5 3 o 4 )kl ol (3 .[74] (multispinneret / emitter electrospinning) e LI/ J 3L
@l i@ V.8) o3, IS8 G e g 9 LS el Bomlns Jaid 225 Aileze OUT o Jgoamell) o ol e (S50 3
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I35 o85S0 B oy il T e Ll G2 J) o J) G (i e (i pltbnaly 053 ol )
o A @ I e oI (deviation) G121 el £ s > ey (inter jet Columbic repulsion) Ll
Ll olsasd <"~'«“’J (multispinneret process) ssdall J Ll Lles dJd ¢ A 5.[75] 4 220 o) Jas LS g bl
ik e Jgaml Sl s@é\j Sl sall Gy BLLLy 3l Jdaey suad) Sl 65y bl Gy BLL e
e 2l N BLoYL 5 ) 126 ) Juag (uniform nonwoven nanofiber mats) 8 5.2 & & 5b GUI e dlaze & stne
(multilayering) ssaxze Slib Cioy Jol o sl Sl L b alibal 51 Lol (e 7 a3 Yle Ll
é & all ods 3.[76] (c V. o3, Jsiadh) (mixing electrospinning) @)l\ L“;\JJ@SJ\ JA J?T EICAA ) Jsadn
% g JJ# e ((rotating mandrel) 3o Jzae e Uy ol didl) i & BJ'WSJA) Sl e ST 1 pl Pl
multilayered or mixed fiber ) &> 5all ol ladall ssaxze BUYN (o b sz SIEY diliz Ly,s 3 Jos ol dikiz
Sl pad sl b e 44 L1 5,04 (mesoscopic spatial designs) e sl J shall (6 s (3 421,80 @aliadll O] (matrices
AE 165 Ll (3 Ladall L1 SUE UL saze S eSO 531 Go b e Bakially (ine SUT eonm o)

.(functional tissue engineering) i o)\ LoVl dskin 3 olades

e S i
Sliill saeis SiliygS Jié clidall saeia SibygS J32 Lo ”T{ s

' <' cudoll guds o Jy2
2 SN

a3

Adle dopuny

Jetnr, 1, 2, 3, 4, 5, 6, 7, 8, 9,

(a) (b) (c)

ol e g 2 S (multijet electrospinning) SN e g\-.ueg‘ J# (@) ig\-.’;eg‘ J AU adkll 8 o (V€ ('3) Jg"ﬁ‘
Skl Badme JU S S (b) (Theron, SA. Polymer, 46, 2889, 2005 ) .5y ayp ALSCHS &
Js#) el .(mixing electrospinning) a3 i bl ghﬂg\ J (c) .(multilayered electrospinning)
(nanofiber mats) $U31 BUIT (po & grms Silib o J guodd J 41 Bhes rwond o 01 GBS st S S
P koY B DU a7 Y Bhes ae ey ¢ 1] Juas e sl g Bl 55 AlSlans g A
g‘eﬂg\ J ¥ .(layered or mixed arrangement) Jakz 5i ‘_J..b ol g d b S Badaze Ol Y o S 3
Goeend¥) did pllall Gl s Bmily W OVl sl Ol Ol b WP Gondl 5 b)) susse
-(Kidoaki, S., Kwon, I.K., and Matsuda, T., Biomaterials, 26, 37, 2005 ;,A).E,,L.a:i\
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ELECTROSPUN SCAFFOLDS IN ¥l Wid & Wl g8 @p500 Gty WD) Ol (V,€)
TISSUE REGENERATION
LU Ll e ¢ oS Sl dodand) Sl (3 (ECM) G ol 88 panall 3812 e L5508 o
s (S J g8 I3l pltseiad £ 85 [77] DY) ki 3 3aloS Lgalaun e IS UL ,6S U580
opllll Ll ae Jai JSiy e (Al sz ST 4z 55 e s dslos 15 dnily LS Bl el
B e e LSS Lailas ol damadly L ol sl Je 5,08l Ual dcidl odds [78] dlelonld
SLS o8 dad — 4S5 S Jog i LS 108 4S5 S 0) Led ol Ll e 2Ly (elastic to plastic) 4z SU!
LY me (cytocompatability) (g -1 331531 bl > gl 435 .[69] Jal) deduzadl Lo g 201 (ASCol o = & yocd 5
Ly odaald 5L L 20l e g 01 LS5 Gl W5 L) Eliaad) WL 5l LS el 3
Gl pd s bl Bl ol alisul LIS il Q@j ieddl LWL C\jsi il g 45 el
ol 5,08 LS SV @ e 3kezall LI 5 5 g IS5 Bladl (o g 1 b s [5,3379]
oMl 436 (V,Y) ) Jsddl > = (particular cellular response) 55 & gls &l 5,0 (quﬂ\ e @l
wlsuz 4 (biodegradable polymer nanofiber scaffolds) (g 53| Mowtld 2L & pad 51 5L LT ld LoendVl g UL
Sl landas 5 (scaffold properties) dzews¥1 s U dhel> a5las 5 (spinning parameters) J 5a)l <l el s
ST 15 Dol y LS5 SVl & Gl 48" &5 20 (Biodegradable Polymers) o s Mowald b ddkit o jod 1 .(V, V) 0By J 3!
(Scaffold Properties) a1 ailasy (Spinning Parameters)y Jali <isds :(Nanofiber Scaffolds) & g

(Tissue Engineering Applications) oewdY) dodin Olla g

) bl o | 0h) ad sy ) 5SS
doei) sk (b il el
: oo (5Y) (¢
Tissue Engineering Application Fiber Size Solvent and Polymer (Polymer)
(nm) Concentration (wt/ v)
(Smooth tissue) ¢ Lwls & 500 - 800 THF : DMF (L:1), 5% PLAGA 85/ 15 [15] &S
(Bone, cartilage) 2 5 .2 olas 550-970 THF + DMF (Synthetic)
(Wound healing) - 5 41 pldi | 340-1500 THE  OME L), PLAGA 5050 [44]
(Bone) oo 400+ 200 Chloroform, 10%
. L x THF : DMF (L:1),14%
(Cartilage) <=2 3 =& ;gg CHCl, - CH.OH PCL [99-101]
(Cardiac tissue) a3 Gl (1:2), 10%
(Vasculary &5t o 700 - 800 HFIP, 3% PLLA-b-PCL [102]
(Bone) okas 1200 Chloroform, 8% PNmPh [18]
(Wound healing) ~ 5 A el 460 HFIP, 8% Col 1[82] (Natural) x>
(Cartilagey 5 2é 60 - 270 HFIP, 4% Col 11]103]
(Smooth tissue) 5 =, Grans 500 - 1500 HFIP, 20% Elastin [51]
(Smooth tissue) 5 5, domeil 200 - 500 HFIP, 8.3% Gelatin [51]
. . HFIP : MEM o
(Wound dressing) s A e 80 - 700 (9:1), 8.3% Fibrinogen [104]
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(Vs V) @y dsst v

doi¥) dnded s Gl o | 03g) ed sy cadll 355 o g
Tissue Engineering Application (2 5Y) (+ (Polymer)
Fiber Size Solvent and Polymer
(nm) Concentration (wt/ v)
(Vasculary &ile 5 720 + 350 HFIP, 15% Col I - Ela- PDLA [84] — & ey gy 2Bl
(Vasculary &s\e s 400 - 1200 HFIP, 30% Polydioxanone [105] Polymer - ) & o) 52
(Vascular) &ls 5 100 - 200 HFIP, 5% Coll- P[q-o'%’]‘\ -PCL) (polymer blends
(Vasculary &sle 5 220 - 600 10 mM HCI, 1% - 5% Col I - elastin [61]
(Vasculary &\ s 1000 TFE, 10% PCL - gelatin [60]
(Dermaly &> 170 HFP + CHCls+ CH; - OH, 8% PCL - Col 1[98]
; . . . PLAGA - dextran
(Wound healing) » 5 A/ pled) 1000 DMSO : DMF (1:1), 60% [107108]
(Cardiac, neural) duase (i 50 - 800 HFIP, 8% Polyaniline - gelatin [23]
(Soft tissue) 3 >+ ; dommns 380+ 80 HFIP, 38% PLAGA - Gel - Ela [59]
(Bone) ("l"p 450 - 650 Chloroform, 20% nHA PCL - nHA [85] — e g S e
550 - 860 CHClI; + DMF, 1% MWCNT PLA - CNT [109] .
Polymer - ) &S e
100 - 800 DMF + THF, 50% PNEA - nHA [25] . .
. (ceramic composites
200 - 400 HFP, 16% - 53% HA Gelatin - nHA [62]
180 +50 HFP, 20% NHA PCL - i collagen

O AS Ly ((PCL) ¢(WsSleo = S—uaS Vo o —J] «$3) dp «(PLAGA 50 / 50) ¢(4J55u8) o= S—uSYAo-Jl «$3) L «(PLAGA 85/ 15)
oY 5 (Col ) 0 5Y1 Tandl oo ror ¥ 587 (Col 1) [l 38 (oS 5 Jeto— ) SUE] L ((PNMPH) (058548 = 5—0SY-J)) (L «(PLLAD-PCL)
_};4)%;\.-:]\_;}41, (PNEA) ¢«(4SY-Jl 63) o «(PLA) oDl «(Gel) tontedl) ¢(Bla) Wl Laodl o 0¥ ST ((Col NIy ¢l Lot e
A (HCI) S il e S (DMSO) tutole, 33 Jitoe & (DMF) 401,585,008 ol o(THF) sl S5 0 56 (HA) [l S50V

L0kt 3adate By 5L O S sl ((MWENT) 62y 587y 0l

o Ml s glas JI (oriented fiber structures) igx skl GLIYI e 0 e Jpadl e 5,030 el aa

B 4z Sz 5] (idg piaily dmandly 45le Iy L) di1) (sOft tissue) 5> )1 dmusVl Lud Joi
Ll 4 MLl (barrier properties) ;=3 ,a5las 5 4wlull i (electrospun flexible membranes) L.JbJ.@S Uyl
OXygen ) CroenS I 558 3L 5 4 @Sovta ols 33 4381 oda i 5 .[44,80] (wound dressing) oA dead
exogenous ) Lacll io )l <l Sl e aa el SUIS 5« (exudates removal) <131 531 @13) s (permeability
L) o ) (nanofiber mats) & szl Sl ST lad O « 1A deias J) 8L YL .[81] (microorganisms
o SMalS Lgaltsezad (S5 (ECM) L) ) Bgaall S (V.0 o) JSad) LS I3 Goyb e
3 LV duia (35,50 B <3S W [22,82] (dermal tissue engineering) L) dxeusY) dudia
Lo il alema¥l (ye oS 58 st gy ) SU3 des (synthetic skin substitutes) e llawo Y1 A sl JSs
Lesd a0 3 502 1o WL 68 & 5he Lt il U3 524 Sy &I (Kin grafts) Gl o galall (o]

.(electrospun nonwoven interconnected membranes) Lgws
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(@) (b)

Tonaily W Sl (@) 8301 Monsld A1 5 Bl a8 8501 S BUT o ¥ g W) S il (Y, 0) 4B Sl
)il dmd ) Badin g g ) alilly g Rl deeasS dhext Olihy W Rssl S @ s DU e
oS Ao A gedl As N dtad ol 0 8 i yllably (:yja (b)-(Venugopal, J.R., Artif. Organs, 30, 440, 2005
oda OF Y cizendll dotid Olidas Ll domandly W Bl 7 WY dsldsianl ¢ U8 U ,gS31 51 OF 0
Coti¥ g Bl i) id g 2 g A1l U DU e sl ) 3 OF1 (5> gine ol S8 i)
oY1y D) SVl e 18 ) ke OB ol 1l gy p A 1 oY1 dstid Sl B ke
.(Stitzel, J. et al., Biomaterials, 27, 1088, 2006 ;2. doewi¥! duocid (§ oliday Gy B UL By 8,51 oo eSO 1

A g3 (S racka T e 1) (small diameter tubes) aill 3 ,ae coUl 5 Alges 25 52 S 14801 5301 0]
(nanofiber tube conduits) sl LT l3 Ly y3 81 gl S (b V.0 @35 (S Eile gl BVl dutin Jr e
ol o [8384] o) Tt s ks om0 yab Bt 055 O ki g3 Lty B0 pailas o
) 3 Ll L) G 5l s o L] 501 5Ll phtiuiad (633 ¢ i 15 L e B 5 ndan
oy S35 (g Hotld 1L 2 oY1 Ll J2 U5 2 1 Gty Y sS0 SUT 3 J) <
cdellao VI Asle gl @ galall aliseial (e yaldedl Lol el odd Ss 5 (tissue engineered vessel) Lam Uakige
G sV Ll Gl 20 (2 el 3 sVl e Sl 0 day Z¥ e J) 7V 0 Laib (patent) Sl s Eir
LI Ml Uzl lee V1 o .x>\’ 455 .(coronary artery and peripheral vascular diseases) idas| & goll
Ul i) i 5 poill s gl e Y1 ki 3 phtuzes¥1 Jorl o Bl S 055300 g sb1 GUIYI 13 ¥
56 ST s doily L3 Bl 52N &9l Slerast (HA) Coll S 5ol oo 354 (o tall
[24,85] &elanl) GV 0 5 - Ss| Jorl oo S A A 3 ool i sz SIS
add e SLS 5 2 5 belges WIS @b A gl UYL @l deniVly LI ol O
S J5a1 el e (00 - electrospinning) il JU 83l 51 alaseal 5,091 591 & RPN
OB ¢ ilanll o (3 38 Lis 055 4> ©3S O Loy (cell spinning) L1 J3¢ 51 (bioelectrospinning) (s 5.4
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A U 2 U g G120 il 0,55 0 et ¢ 5300 ke 5,0 J) 8Ll el oolllan (802 oyl lasd
(electric fields) &3l 4831 Jgad) of LA LI G as a8 Jg JWI JIsdl b & LS 530 ol sl 4
ke lae L SU 681 20 Lles, O34T Wagner a3 ¢Jigudl i e DU iyl 3y .an 4
Moedd &t & 41 -3l - ga 5 (poly(ester urethane)) (O ) 5 ) L;Sﬁ & (smooth muscle cells - SMCs)
Hould 25 3 yaze (3 (SMCs) eLudll Zliaal) LIS (g5 SOUI proddl oty g sl ) o 541 430 . [86] (g 5
P R Ll 3y (cell viability) 3L us e sl e WO 5,08 (3 ol ol i 055 (55t
(10° EHDJ / 1321IN1) 335 & (biosuspension) (g s.> d,\*i el LU L;LU.@_<J\ J;) 0y 515 Jayasinghe
ids\1 5 pY1 3 ((immortalized human brain astrocytoma) 5 yane S e @.4 cos W) slle/dds
e s [87] Ao B 5, IS e (Gaiete S a8 oo 555 &l B 550) Lokall 2,01 (63 (PDMS) JI 555 5
3 DS B3t UL day Jlsf 0 LS 01 9]« BUN b e U3l oSS o jabsl 68 2,01 O e o)
e (55| o) A o jod 2 oo LT 52 01 AH WL o LI o ,LLL LA 03 e o)l e g5,
Je JSts Ak o (2 gt B 1y OF oSy (U Ul Y U Bl Jalpall oo 22 150

33 M sV ddin ladss ol e 55 ASSISL AWl e il o

ELECTROSPUN SCAFFOLDS FOR ! 81 5 51901 Jow 63 Gl 168" & 5 501 domwd¥1 g LB Sl (Y, 0)
DRUG AND FACTOR DELIVERY

Tads G Wle ded ol A pedl Jelge 5l &0V ooy e 503l Lol A1 BVl LI oMl 0
Jalsadly (antibiotics) 4541 <lslasd) (sustained local delivery) alundl assll Joo sl S oY)
(ihezz g ghe gl o o O (antimicrobial agents) w31 = ssliall Jalsalls (antifungal agents)  ylaill ssLall
Jeo 55 e oS el alascal (S5 g &1 &L ey (scaffold implantation) e\l £ ST s a8 Al
anticancer and antituberculosis ) .l s3lally O ) s3liall LS dolud) 45091 & (delivery vehicle)
L3I I (chemical cues) L3l <lguieS odaza sl skim g o8 Jalge S8 0TS . a5 JS. (cytotoxic drugs
Houl) 2B doncily L3 el 236 (V.Y) @3, Jgadl gy doesr Wl GV ks 3 sl el sa Ao

3a3l Jol 5o 5 (DNA) 55501 yaadls x5, 5 o1 5l limee (5 5.k
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Bioactive ) \;}r il fol 42l g (Biodegradable Polymers) ¢ s3-1 Jowald dyldll <t pod gt o0 Bliis &Uﬁ (V5 ) @By Jg
Sl Joo g ol o GBS Byjae g0 OUT 01 Beily WIs Ml arad Letsandl (Agents
5ol Jol g5 (DNA) (59531 jaed-t g ooy il g

36 Jale [ DNA [ gp [ 8V g3

Jow) oo 5 GNY jaitas doea¥l g WS- Alsl
(Drug / Protein / DNA / Growth
(Agent Delivery) (Release Characteristics) (Factor (Scaffold)
A sl (Cefazoliny @) el PLAGA 50/ 50 [44]

(Antibacterial)

ol et ol 20 ML) e PDLA, PEVA,
\ i (Tetracycline hydrochloride) S0 PDLA/50 PEVA [88]
Aoy lS s ea Stz

G o Lol 520 30U}

(Tetracycline hydrochloride)

PLLA (cs) [110]

el dned ol e 3N}

Cvembaludt olales

(Gentamicin sulphate)

PCL (cs) [92]

Sl s DB+ (g il 3D

fj:"}“’ah M}a‘fﬂ LJ-\M(}R:/’

(Mefoxin, cefoxitin sodium)

PLAGA / PEG-b-PLA [111]

ngjlzaj\ lize Jj)'\jjf\j:iy\
Aoty psd ol e GO HPMC [112]
(Antifungal) (Itraconazole)
@l Sl slas S A A=y im0 p s

(Antimicrobial)

(Potassium 5 - nitro - 8 - quinolinate)

Chitosan + PEO [113]

O ol sl Gt Otend ol g2 3D (Paclitaxel) oS tedSL! PLGA [89]

(Anticancer) Jol e G| + (5 lniil BV} Ly 4S5 )d e 35 58 90

PEG-b-PLLA [114]

clele sl (Doxorubicin hydrochloride)

. A5 e g5 S 92
el Y ool e 2] z _ PLLA [115]

(Doxorubicin hydrochloride)

J:.‘J\ sliza . Ol
Sl m,Y el 2o b PLLA [116]
(Antituberculosis) (Rifampin)
JoWl foo 5 WY jaitas # Jols [ DNA [ eigp | 5193 donadY 5 W) Al

(Agent Delivery)

(Release Characteristics)

(Drug / Protein / DNA / Growth
(Factor

(Scaffold)

(DNA) s 353 et

ot 52 GV + (st D)

U oprind

S35 et s D

(Plasmid DNA)

PLGA, PLA - PEG [93]

— ijwy\)u J)Uai

C“ﬁ SWES T

sl ol g5 aadt S 5L

(BMP-2 plasmid DNA)

PLAGA / HAp [94]

s . . STECRICE VIV Y
_ Uy oDl Lol g2e D) £ PCL + PEG (cs) [117]
(Protein) (BSA, lysozyme)
ey bt ool sz D)

B (BSA) (¥ 92 PCL / Dextran / PEG (cs) [117]
Loy

S Jele (BMP-2) 5ol Jole Silk + PEO/SILmZn[Ig?]\/SlIk +PEO +

(Growth factor) bl se VD] + (5 il BV

(B-NGF/BSA)

PCLEEP (cs) [96]

(PDGF/BSA)

PCL (cs) [118]

YYA
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=l 2) dst (PLAGA B0/ 50) . szl (3 (A ) o ot ol ) ill o s o 5 L) (release characteristics) SMLY! jaflax Jo J padt oz ralasdle
Js» «(PEVA) ¢poly(DL-lactide)y (+5V-J1 3) L «(PLA) «poly(D,L-50 lactide-co-50 glycolide)) (- Suléo— S —axsVo.
5Ly A «(PEG-b-PLA) ¢(polycaprolactone) oYy 8" 15 «(PCL) ¢(poly(ethylene-co-vinyl acetate)) (cuol Jud— - onkl)
Jskle e Juss S (HPMC)  ¢poly(ethylene  glycol-co-DL-lactide)) — (as5¥-dl 3= S —cakayl
(SN=J1- 55-0550 by s «(PEG-D-PLLA) ¢(polyethylene oxide) skl L5l 4T ((PEO) ¢(hydroxypropylmethylcellulose)
poly(caprolactone-co-ethyl ethylene ) (cds¥l Joul wlow = S0 35V, ) L «(PCLEEP) ¢(poly(ethylene glycol-co-L-lactide)y
¢(bone morphogenic protein 2) Y .zl Ji.w o3 «(BMP-2) ¢(core—shell nanofibers) 5 ,&all — Il iy sl BUl (cs) «(phosphate)
g2adl yedl fute ((PDGF) ¢(B-nerve growth factory ke — el st ite «(B-NGF) ¢(bovine serum albuminy s 2l ol s ol (BSA)
.(sustained release) |wo!se S| ((SR) ¢(burst release) (s sl 3D} ((BR) «(platelet-derived growth factor) & sedl liaall -0
drug encapsulated ) s\ s3L zalis L0 O 13 danndls L oMl — SUAS 3 alusl ¢ 3
— 55—k Jodl 0o T Kenawy pdsvial a3 GoensY) dadis Sl e el Jol e (nanofiber scaffolds
Joladl Leamd (B0 PEVA - 50 PLA) JI 10 a3t (PLA) J1 5 (poly(ethylene-co-vinylacetate) - PEVA) (el Jod
LB dul s s 48 .[88] (tetracycline hydrochloride) (Sl sl uy ) 518 5,408 (antibacterial agent) Cw\ng sLall
(=470 nm) Uy )5 e gl &V+ Jad old gL GUT e b sanan 3 (6 50 2liae) (Cefazolin) ol 5 il T ek
e 1536 ST 2l ol e 0 5Ty Katli 13 e 553 olamed Jall (PLAGA 50 / 50) JI oy i siuall
FRAY S g_eL"ﬁ <old Z\q:.@%}\j LML Yl g‘-\‘m‘ IR0y f; 48 5 .[44] Cjﬁ’;—\ Aanzs lacad («.;\JJ:-\ olalag
oda O ye @& e 5 .[89] (anticancerous drug paclitaxel) OUs ) sLall JuSLASUI <) 55 Cadsd (PLAGA) (1
Ol Aol 55 o B V15 L) Vsl ol oY) (Gl wugs & SUGUT 3 & 001 Caliad 3y
G #lslll oye 714+ bl (burst release pattern) ¢l 4 5 3| Jas iz e 18 (water soluble drugs) «WI
& Gurficial effect)  odandl S s - ped sl B2 wiad s3le puased A1 & giaadl ©LAL (3 Ludlnze
G J) Blall g 3 ool e ¢ LYY e e @SUAN I (drug particles) & 5531 clecaar Jd ¢ 5l (g gs
.[90] Li!»—\ (Q.M.%-\ L}jx:;d‘ L} gé-\ rw.!;-\ C)B- Lﬁ}gu&&'})\ L}Wa:)!\
Jelsalls (encapsulating drugs) oY) Cadad oy L kS sl SL eSO J5al slazel \}y £y
AV ol 3 e po 5 LSyl GUIT s a1y LI 3l 3 (bioactive agents) U s> dladl
5235 (V) 5 elpldl 585 5035 (V) IS e Ltead @ (A el sl 4aS (3 b JSCiy oSl dy Jall 10 S«
sl UG e dnily W Sl 05 2T Jiang e M)A 5 Y e J ) 555 e
S5y (core) S (PEG) J1 (3 (lysozyme) w5501 @ 3ls Ul (3 OLsdl ALl 4 peddl (BSA) wlissy
e LU e 3lall 5500 () jate G| Jad dul )l o @ bl 435 (shell) 5,238 (PCL) O pSY 5 58
A5 A1 3 Y e Bl a5k Gk e GBI laety @Sl ¢ i (6 3T Bb ey - 5N bl
o Aol oF 85 . [91] de yime S| BUT J) Glall g (3 e (ol ddkiz 3,05 — L olSlew J] M (oo
WO Ml o ygbl W55 . 5T Huang 3 e SN 1SCaa) UL o 0 oo Sl 3 Loty £ 909
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tlid ] S, S 51 Sl (g gdl slall we & 5L1 (PCL) 058Y 5 S Jodl SUT (e de gl 2Vl
e s BB Ll ;,jS (antioxidant resveratrol) J s 5\ w5 534S sLae 5 (antibiotic gentamicin sulphate)
058y ek Sy 5,y SN (sl Slaed J3e o2 o Al oda 3.[92] (g )ln) GAUB] &gl 05
By Ll Lz Blim Y1 e 5,08 0585 Ll & yuaall o) e 5T U g AL sl yall /<15

a2l WU J) 5502 & g LLeS Olgn sl Julse Joo g5 e 5,0l AV LI Ml 355
S Gl 3D F sadl Jalse Joomd oy LSl O30 alisenal § a5 i1 JS035 3 gds Ly
5 (PLAGA) ST (o ol siuan 05T Luu J3b 28y &gl sedl Jalse 505 21 2SI (plasmid DNA)
(DNA) (55531 yaad! O L 58 455 .[93] (plasmid DNA) (555! el 50035y o 45U (PLA - PEG)
05 .3 paill 5,1 GILY (transfecting cells) G WA fias e 1536 OIS doens¥15 W] dels oo 21
G5 aed) 5B BMB] Gy b e by (U85 ) (BMP-2) 5ol Jale 78] o) dgpliie 42 )b slazel £
Gy LI Ml gl U35 4 5L (PLAGA [ HA) JI GUIT e (BMP-2) 50t Jolad (plasmid DNA)
e W W) el a5, el bs Gladl (01552801 / DNA) 6551 paed) Slang At 5L GUT ol
I3 05T Li 6 085 .[94] donr b dalae donadl ddkin 2T o O sllall (BMP-2) Jolal) e ZUls sl a3
55 Gy JU 541 (BMP-2) 0, s a3 5 (BMP-2 / DHA / 5 11 5,8) oy domals L35 cld 31, 480
Jre 555 s Ll g &1 olalys @aST 455 .[95] (MSCS) 1 b e ezl (3 ool 055 e Ll Em
B 48 U3l 5l BUT @l G5 UL @3l e (B-nerve growth factor - NGF) Ly — el el Jale
« (e-caprolactone - ethyl ethylene phosphate - PCLEEO) plio¥) claw g Jo) = 058 5 o8- € S nall ool ope
WM oMl 0 (platelet - derived growth factor) & se | wleiall oo 32l gl Jole Jo 55y Cadisy
196,971 0 55SY 5 S—€ 30 Uil 148 A58 5Ll BLIT ol AoV

CONCLUSIONS AND CHALLENGES OQM\) Ol by VN

A5 oY1 dkin Jorl e SUIN O e BTy WS OVl el 55155 dasT 2SS 6831 53 5 43
L Gaally Lo V1 o jod gl e B3ate Pl (pe BTy LS Bl oli3Y oty Bl oda 55 &
Sl on el JSa s SV 4 55 GV oy 3301 oSl O] LS o s Lehaiths J) L) (g 50! Pl
GoensY1 s LI el O] Aoy LI el a6 331 Gl G et e Aidedl o) 2ad SV
B Y1 ot Tl o o nlin By g a5 SIS jailiai e Ul yg8 A5 5al0 W1 O cpe 2o il
e 4,08 eSOl et s (el J) BLoYL L elaally olas Y1y Cipylaslly & ged) de sY1g L Je
.C.?uwi%gkiy@w\&gg&J@M\Jﬁ\f/;\jmwﬂq@
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oY1 i Ll el ol e G L8 Bl L Sl LY 2l o e 311 )
U I3 Loewsly LS @Ml 5415 &) Lgdlad Ol 05y Loandal) e gl 38 @bl jam feds
558 Blaws G205 Jsk s VILIN s e IS0 Lol e
Jlulsosl WYY oY 5 (HFIP) o5 5hie lyde o & pd | Ol pod 50 3L 801 5301 (03 L L2
Bazee Olgde skt J) Ll dla OB 1L g5t LLad) Ol 1 ot ) (2,2,2-trifluoroethanol - TFE)
Ll dny (gl Leblisy ¢ o s peedlly Gy o Y SUY s &gl o ped sl Laind o I e
T YN 0 ol n B o iy WS 3l ] e Lokl B3 pme 3154801 530 5 0) 250 54801
ezl kil IS s ol Bl e il Bligh (s ey id g paally dmanlly LAy dile )
3 Wraw 128l ol Al Blaw Jsb e w531 n Byl s 10 3528 Bl 03 0S8 e J gl
oo Hne 3 lems I3 VI ASYS Dl LS Ml o] e 5,0l J) s JI5 Y sy i oSt 1y
s3] 3 ) Jan D0 UL saaze S S0 I3 bl 185 85le gl 5l Ladaall Znd¥1 fom il o]
AW oensly LS Sl L] OB 3 s o ge BSlew mo Laaly Il 0l ey LS Yl
3k OF Gal wgll o 4 i1 ki Slagss Jol oy o gmie G 020 D1 Y e BSlews 0l3 5l
JUCTRPYCH FEREL S PRSPV DS PRI R - Y P RER WE S I VRIE UMDV B RN P R R
oo Al T e et Pl AU Al LB ol cLisy LasY danly B8 0 0S SL S I

oY s Ol L

ACKNOWLEDGMENT gy ;S

(RO1 AR052536 5 ROL EB004051) (NIH) ol b gl dgall o il Jrpeill o St e 053l oo
National ) a sald Ll g3 G 31 o Bl 1 g )l B2 slizel o) 33 e ool 44 Laurencin | pSu)

.(Science Foundation

REFERENCES g !

[1] Li, D. and Xia, Y.N. 2004. Electrospinning of nanofibers: Reinventing the wheel? Adv. Mater. 16:1151-1170.

[2] Huang, Z., Zhang, Y., Kotaki, M., and Ramakrishna, S. 2003. A review on polymer nanofibers by
electrospinning and their applications in nanocomposites. Compos. Sci. Technol. 63:2223-2253.

[3] Nair, L.S., Bhattacharyya, S., and Laurencin, C.T. 2004. Development of novel tissue engineering scaffolds
via electrospinning. Expert. Opin. Biol. Ther. 4:659-668.

[4] Chew, S.Y., Wen, Y., Dzenis, Y., and Leong, K.W. 2006. The role of electrospinning in the emerging field
of nanomedicine. Curr. Pharm. Des. 12:4751-4770.



iV Rk Jorl o BTy WS el a5t gl (6 i) ] ot YYY

[5] Kumbar, S.G., James, R., Nukavarapu, S.P., and Laurencin, C.T. 2007. Electrospun nanofiber scaffolds:
Engineering soft tissues. Biomed. Mater. 2:1-15.

[6] Laurencin, C.T. and Ko, F.K. 2004. Hybrid nanofibril matrices for use as tissue engineering devices. US
patent 6689166.

[7] Laurencin, C.T., Nair, L.S., Bhattacharyya, S., Allcock, H.R., Bender, J.D., Brown, P.W., and Greish, Y.E.
2005. Polymeric nanofibers for tissue engineering and drug delivery. US patent 7235295.

[8] Kumbar, S.G., Nair, L.S., Bhattacharyya, S., and Laurencin, C.T. 2006. Polymeric nanofibers as novel
carriers for the delivery of therapeutic molecules. J. Nanosci. Nanotechnol. 6:2591-2607.

[9] Mikos, A.G., Thorsen, A.J., Czerwonka, L.A., Bao, Y., Langer, R., Winslow, D.N., and Vacanti, J.P. 1994.
Preparation and characterization of poly(L-lactic acid) foams. Polymer 35:1068-1077.

[10] Mooney, D.J., Baldwin, D.F., Suh, N.P., Vacanti, J.P., and Langer, R. 1996. Novel approach to fabricate
porous sponges of poly(D,L-lactic-co-glycolic acid) without the use of organic solvents. Biomaterials
17:1417-1422.

[11] Hsu, Y.Y., Gresser, J.D., Trantolo, D.J., Lyons, C.M., Gangadharam, P.R., and Wise, D.L. 1997. Effect of
polymer foam morphology and density on kinetics of in vitro controlled release of isoniazid from
compressed foam matrices. J. Biomed. Mater. Res. 35:107-116.

[12] Giordano, R.A., Wu, B.M., Borland, S.W., Cima, L.G., Sachs, E.M., and Cima, M.J. 1996. Mechanical
properties of dense polylactic acid structures fabricated by three dimensional printing. J. Biomater. Sci.
Polym. Ed. 8:63-75.

[13] Srouiji, S., Kizhner, T., Suss-Tobi, E., Livne, E., and Zussman, E. 2007. 3-D nanofibrous electrospun
multilayered construct is an alternative ECM mimicking scaffold. J. Mater. Sci. Mater. Med. (in press).
www.springerlink.com/content/m727571243802621/fulltext.pdf.

[14] McManus, M.C., Boland, E.D., Koo, H.P., Barnes, C.P., Pawlowski, K.J., Wnek, G.E., Simpson, D.G., and
Bowlin, G.L. 2006. Mechanical properties of electrospun fibrinogen structures. Acta. Biomater. 2:19-28.

[15] Li, W.J., Laurencin, C.T., Caterson, E.J., Tuan, R.S., and Ko, F.K. 2002. Electrospun nanofibrous structure:
A novel scaffold for tissue engineering. J. Biomed. Mater. Res. 60:613-621.

[16] Shortkroff, S., Li, Y., Thornhill, T.S., and Rutledge, G.C. 2002. Cell growth on electrospun PCL scaffolds.
PMSE Prepr. 87:457-458.

[17] Dalton, P.D., Lleixa Calvet, J., Mourran, A., Klee, D., and Moller, M. 2006. Melt electrospinning of poly-
(ethylene glycol-block-epsilon-caprolactone). Biotechnol. J. 1:998-1006.

[18] Nair, L.S., Bhattacharyya, S., Bender, J.D., Greish, Y.E., Brown, P.W., Allcock, H.R., and Laurencin, C.T.
2004. Fabrication and optimization of methylphenoxy substituted polyphosphazene nanofibers for
biomedical applications. Biomacromolecules 5:2212-2220.

[19] Xu, C., Inai, R., Kotaki, M., and Ramakrishna, S. 2004. Electrospun nanofiber fabrication as synthetic
extracellular matrix and its potential for vascular tissue engineering. Tissue Eng. 10:1160-1168.

[20] Buschle-Diller, G., Hawkins, A., and Cooper, J. 2006. Electrospun nanofibers from biopolymers and their
biomedical applications. In Modified Fibers with Medical and Speciality Applications, V. Edwards, G.
Buschle-Diller, S. Goheen (Eds.), pp. 67-80. Springer, Netherlands.

[21] Boland, E.D., Matthews, J.A., Pawlowski, K.J., Simpson, D.G., Wnek, G.E., and Bowlin, G.L. 2004.
Electrospinning collagen and elastin: Preliminary vascular tissue engineering. Front. Biosci. 9:1422-1432.

[22] Chong, E.J., Phan, T.T., Lim, 1.J., Zhang, Y.Z., Bay, B.H., Ramakrishna, S., and Lim, C.T. 2007.
Evaluation of electrospun PCL/gelatin nanofibrous scaffold for wound healing and layered dermal
reconstitution. Acta Biomater. 3:321-330.

[23] Li, M., Guo, Y., Wei, Y., MacDiarmid, A.G., and Lelkes, P.l. 2006. Electrospinning polyanilinecontained
gelatin nanofibers for tissue engineering applications. Biomaterials 27:2705-2715.

[24] Catledge, S.A., Clem, W.C., Shrikishen, N., Chowdhury, S., Stanishevsky, A.V., Koopman, M., and Vohra,
Y.K. 2007. An electrospun triphasic nanofibrous scaffold for bone tissue engineering. Biomed. Mater.
(Bristol, U.K.) 2:142-150.



Frv Aot g ol e Uil 16 05500 A5 &y e 3y LT ol3 ol LD Ml

[25] Bhattacharyya, S.,Nair, L.S.,Singh, A.,Krogman, N.R.,Bender, J.,Greish, Y.E.,Brown, P.W.,Allcock, H.R.,
and Laurencin, C.T. 2005. Development of biodegradable polyphosphazene—nanohydroxyapatite
composite nanofibers via electrospinning. Mater. Res. Soc. Symp. Proc. 845:91-96.

[26] Deng, X.L., Xu, M.M., Li, D., Sui, G., Hu, X.Y., and Yang, X.P. 2007. Electrospun PLLA/MWNTs/HA
hybrid nanofiber scaffolds and their potential in dental tissue engineering. Key Eng. Mater. 330-332,
393-396.

[27] Ma, P.X. 2004. Scaffolds for tissue fabrication. Mater. Today 7:30—40.

[28] Silva, G., Czeisler, C., Niece, K., Beniash, E., Harrington, D., Kessler, J., and Stupp, S. 2004. Selective
differentiation of neural progenitor cells by high-epitope density nanofibers. Science 303:1352-1355.

[29] Xu, H. 2003. PhD dissertation, University of Akron.

[30] Yarin, A.L., Koombhongse, S., and Reneker, D.H. 2001. Bending instability in electrospinning of
nanofibers. J. Appl. Phys. 89:3018-3026.

[31] Fridrikh, S.V., Yu, J.H., Brenner, M.P., and Rutledge, G.C. 2003. Controlling the fiber diameter during
electrospinning. Phys. Rev. Lett. 90:144502-144505.

[32] Kumbar, S.G., Bhattacharyya, S., Sethuraman, S., and Laurencin, C.T. 2007. A preliminary report on a
novel electrospray technique for nanoparticle based biomedical implants coating: Precision
electrospraying. J. Biomed. Mater. Res. B. Appl. Biomater. 81:91-103.

[33] Nukavarapu, S.P., Kumbar, S.G., Nair, L.S., and Laurencin, C.T. 2007. Nanostructures for tissue
engineering/regenerative medicine. In Biomedical Nanostructures, K. Gonsalves, C. Halberstadt, C.T.
Laurencin and L.K. Nair (Eds.), pp. 371-401. John Wiley & Sons, Inc, Hoboken, New Jersey.

[34] Shenoy, S., Bates, W.D., Frisch, H., and Wnek, G. 2005. Role of chain entanglements on fiber formation
during electrospinning of polymer solutions: Good solvent, non-specific polymer—polymer interaction
limit. Polymer 46:3372-3384.

[35] Zong, X., Kim, K., Fang, D., Ran, S., Hsiao, B., and Chu, B. 2002. Structure and process relationship of
electrospun bioabsorbable nanofiber membranes. Polymer 43:4403-4412.

[36] Kim, T.G. and Park, T.G. 2006. Biomimicking extracellular matrix: Cell adhesive RGD peptide modified
electrospun poly(D,L-lactic-co-glycolic acid) nanofiber mesh. Tissue Eng. 12:221-233.

[37] Deitzel, J.M., Kleinmeyer, J., Harris, D., and BeckTan, N.C. 2001. The effect of processing variables on the
morphology of electrospun nanofibers and textiles. Polymer 42:261-272.

[38] Pitt, S., Chidchanok, M., Manit, N. 2005. Ultrafine electrospun polyamide-6 fibers: Effects of solvent
system and emitting electrode polarity on morphology and average fiber diameter. Macromol. Mater.
Eng. 290:933-942.

[39] Casper, C.L., Stephens, J.S., Tassi, N.G., Chase, D.B., and Rabolt, J.F. 2004. Controlling surface
morphology of electrospun polystyrene fibers: Effect of humidity and molecular weight in the
electrospinning process. Macromolecules 37:573-578.

[40] Megelski, S., Stephens, J.S., Chase, D.B., and Rabolt, J.F. 2002. Micro- and nanostructured surface
morphology on electrospun polymer fibers. Macromolecules 35:8456-8466.

[41] Boland, E.D., Wnek, G.E., Simpson, D.G., Pawlowski, K.J., and Bowlin, G.L. 2001. Tailoring tissue
engineering scaffolds using electrostatic processing techniques: A study of poly(glycolic acid)
electrospinning. J. Macromol. Sci., Pure Appl. Chem. A38:1231-1243.

[42] Stitzel, J.D., Pawlowski, K.J., Wnek, G.E., Simpson, D.G., and Bowlin, G.L. 2001. Arterial smooth muscle
cell proliferation on a novel biomimicking, biodegradable vascular graft scaffold. J. Biomater. Appl.
16:22-33.

[43] Xin, X., Hussain, M., and Mao, J.J. 2006. Continuing differentiation of human mesenchymal stem cells and
induced chondrogenic and osteogenic lineages in electrospun PLGA nanofiber scaffold. Biomaterials
28:316-325.

[44] Katti, D.S., Robinson, K.W., Ko, F.K., and Laurencin, C.T. 2004. Bioresorbable nanofiber-based systems
for wound healing and drug delivery: Optimization of fabrication parameters. J. Biomed. Mater. Res. B.
Appl. Biomater. 70:286—296.



iV Rk Jorl o BTy WS el a5t gl (6 i) ] ot YYE

[45] Boland, E.D., Coleman, B.D., Barnes, C.P., Simpson, D.G., Wnek, G.E., and Bowlin, G.L. 2005.
Electrospinning polydioxanone for biomedical applications. Acta Biomater. 1:115-123.

[46] Reneker, D.H., Kataphinan, W., Theron, A., Zussman, E., and Yarin, A.L. 2002. Nanofiber garlands of
polycaprolactone by electrospinning. Polymer 43:6785-6794.

[47] Kumbar, S.G., Bhattacharyya, S., Nukavarapu, S.P., Khan, Y.M., Nair, L.S., and Laurencin, C.T. 2006. In
vitro and in vivo characterization of biodegradable poly(organophosphazenes) for biomedical
applications. J. Inorg. Organomet. Polym. Mater. 16:365-385.

[48] Bhattacharyya, S., Nair, L.S., Singh, A., Krogman, N.R., Greish, Y.E., Brown, P.W., Allcock, H.R., and
Laurencin, C.T. April 2006. Electrospinning of poly[bis(ethyl alanato) phosphazene] nanofibers. J.
Biomed. Nanotechnol. 2:36-45.

[49] Sombatmankhong, K., Sanchavanakit, N., Pavasant, P., and Supaphol, P. 2007. Bone scaffolds from
electrospun fiber mats of poly(3-hydroxybutyrate), poly(3-hydroxybutyrate-co-3-hydroxyvalerate) and
their blend. Polymer 48:1419-1427.

[50] Matthews, J.A., Wnek, G.E., Simpson, D.G., and Bowlin, G.L. 2002. Electrospinning of collagen
nanofibers. Biomacromolecules 3:232-238.

[51] Li, M., Mondrinos, M.J., Gandhi, M.R., Ko, F.K., Weiss, A.S., and Lelkes, P.I. 2005. Electrospun protein
fibers as matrices for tissue engineering. Biomaterials 26:5999-6008.

[52] Barnes, C.P., Smith, M.J., Bowlin, G.L., Sell, S.A., Tang, T., Matthews, J.A., Simpson, D.G., and Nimtz,
J.C. 2006. Feasibility of electrospinning the globular proteins hemoglobin and myoglobin. J. Eng.
Fibers Fabrics 1:16-29.

[53] Bhattarai, N., Edmondson, D., Veiseh, O., Matsen, F.A., and Zhang, M. 2005. Electrospun chitosanbased
nanofibers and their cellular compatibility. Biomaterials 26:6176-6184.

[54] Bhattarai, N., Li, Z., Edmondson, D., and Zhang, M. 2006. Alginate-based nanofibrous scaffolds:
Structural, mechanical, and biological properties. Adv. Mater. 18:1463-1467.

[55] Yin, G. and Zhang, Y. 2006. Structure and properties of electrospun regenerated silk fibroin nanofibers.
Jingxi Huagong 23:882-886.

[56] Duan, B., Wu, L., Li, X., Yuan, X., Li, X., Zhang, Y., and Yao, K. 2007. Degradation of electrospun
PLGA-chitosan/PVA membranes and their cytocompatibility in vitro. J. Biomater. Sci. Polym. Ed.
18:95-115.

[57] Huang, L., Nagapudi, K., Apkarian, R.P., and Chaikof, E.L. 2001. Engineered collagen-PEO nanofibers
and fabrics. J. Biomater. Sci. Polym. Ed. 12:979-993.

[58] Reneker, D.H. and Fong, H. 2006. Polymeric Nanofibers. Oxoford University Press.

[59] Li, M., Mondrinos, M.J., Chen, X., Gandhi, M.R., Ko, F.K., and Lelkes, P.I. 2006. Co-electrospun
poly(lactide-co-glycolide), gelatin, and elastin blends for tissue engineering scaffolds. J. Biomed. Mater.
Res. A. 79:963-973.

[60] Zhang, Y., Ouyang, H., Lim, C.T., Ramakrishna, S., and Huang, Z.M. 2005. Electrospinning of gelatin fibers
and gelatin/PCL composite fibrous scaffolds. J. Biomed. Mater. Res. B. Appl. Biomater. 72:156-165.

[61] Buttafoco, L., Kolkman, N.G., Engbers-Buijtenhuijs, P., Poot, A.A., Dijkstra, P.J., Vermes, I., and Feijen,
J. 2006. Electrospinning of collagen and elastin for tissue engineering applications. Biomaterials
27:724-734.

[62] Kim, H.-W., Song J.-H., and Kim, H.-E. 2005. Nanofiber generation of gelatin—hydroxyapatite biomimetics
for guided tissue regeneration. Adv. Funct. Mater. 15:1988-1994.

[63] Bhattacharyya, S., Nair, L.S., Singh, A., Krogman, N.R., Bender, J., Greish, Y.E., Brown, P.W., Allcock,
H.R., and Laurencin, C.T. 2005. Development of biodegradable polyphosphazene—nanohydroxyapatite
composite nanofibers via electrospinning. Mater. Res. Soc. Symp. Proc. 845:91-96.

[64] Seth, D. Mc., Kelly, L.S., Derrick, R.S., Wesley, A.R., Nancy, A.M., Laura, I.C., and Russell, E.G. 2007.
Development, optimization, and characterization of electrospun poly(lactic acid) nanofibers containing
multi-walled carbon nanotubes. J. Appl. Polym. Sci. 105:1668-1678.

[65] Lyons, J., Li, C., and Ko, F. 2004. Melt-electrospinning part I: Processing parameters and geometric
properties. Polymer 45:7597-7603.



¥ro Aot g ol e Uil 16 05500 A5 &y e 3y LT ol3 ol LD Ml

[66] Nobuo, O., Shinji, Y., Naoki, S., Gang, Lu., Toshiharu, 1., Koji, N., and Takashi, O. 2007. Poly(lactide)
nanofibers produced by a melt-electrospinning system with a laser melting device. J. Appl. Polym. Sci.
104:1640-1645.

[67] McCann, J.T., Marquez, M., and Xia, Y. 2006. Melt coaxial electrospinning: A versatile method for the
encapsulation of solid materials and fabrication of phase change nanofibers. Nano. Lett. 6:2868-2872.

[68] Teo, W.E. and Ramakrishna, S. 2006. A review on electrospinning design and nanofibre assemblies.
Nanotechnology 17:R89-R106.

[69] Kwon, I.K., Kidoaki, S., and Matsuda, T. 2005. Electrospun nano- to microfiber fabrics made of
biodegradable copolyesters: Structural characteristics, mechanical properties and cell adhesion
potential. Biomaterials 26:3929-3939.

[70] Li, D., Wang, Y., and Xia, Y. 2004. Electrospinning nanofibers as uniaxially aligned arrays and layerby-
layer stacked films. Adv. Mater. 16:361-366.

[71] Kwon, I.K. and Matsuda, T. 2005. Co-electrospun nanofiber fabrics of poly(L-lactide-co-e-caprolactone)
with type | collagen or heparin. Biomacromolecules 6:2096-2105.

[72] Lam, H., Ye, H., Gogotsi, Y., and Ko, F. 2004. Structure and properties of electrospun single-walled carbon
nanotubes reinforced nanocomposite fibrils by co-electrospinning. Polym. Prepr. 45:124-125.

[73] Yang, H., Loh, L., Han, T., and Ko, F. 2003. Nanomagnetic particle filled piezoelectric polymer
nanocomposite wires by co-electrospinning. Polym. Prepr. 44:163.

[74] Bowman, J., Taylor, M., Sharma, V., Lynch, A., and Chadha, S. 2003. Multispinneret methodologies for
high throughput electrospun nanofiber. Mater. Res. Soc. Symp. Proc. 752:15-19.

[75] Theron, S.A., Yarin, A.L., Zussman, E., and Kroll, E. 2005. Multiple jets in electrospinning: Experiment
and modeling. Polymer 46:2889-2899.

[76] Kidoaki, S., Kwon, I.K., and Matsuda, T. 2005. Mesoscopic spatial designs of nano- and microfiber meshes
for tissue-engineering matrix and scaffold based on newly devised multilayering and mixing
electrospinning techniques. Biomaterials 26:37-46.

[77] Pham, Q.P., Sharma, U., and Mikos, A.G. 2006. Electrospinning of polymeric nanofibers for tissue
engineering applications: A review. Tissue Eng. 12:1197-1211.

[78] Nam, J., Huang, Y., Agarwal, S., and Lannutti, J. 2007. Improved cellular infiltration in electrospun fiber
via engineered porosity. Tissue Eng. 13:2249-2257.

[79] Kumbar, S.G., Kofron, M.D., Nair, L.S., and Laurencin, C.T. 2007. Cell behavior toward nanostructured
surfaces. In Biomedical Nanostructures, K. Gonsalves, C. Halberstadt, and C.T. Laurencin and L.S.
Nair (Eds.), 257-291. John Wiley & Sons, Inc, Hoboken, New Jersey.

[80] Simpson, D.G. 2006. Dermal templates and the wound-healing paradigm: The promise of tissue
regeneration. Expert. Rev. Med. Devices 3:471-484.

[81] Myung-Seob, K., Dong-Il, C., Hak-Yong, K., In-Shik, K., Narayan, B. 2003. Electrospun nanofibrous
polyurethane membrane as wound dressing. J. Biomed. Mater. Res. Part B: Appl. Biomater. 67B:675-679.

[82] Rho, K.S., Jeong, L., Lee, G., Seo, B.M., Park, Y.J., Hong, S.D., Roh, S., Cho, J.J., Park, W.H., and Min,
B.M. 2006. Electrospinning of collagen nanofibers: Effects on the behavior of normal human
keratinocytes and early-stage wound healing. Biomaterials 27:1452-1461.

[83] Inoguchi, H., Tanaka, T., Maehara, Y., and Matsuda, T. 2007. The effect of gradually graded shear stress
on the morphological integrity of a huvec-seeded compliant small-diameter vascular graft. Biomaterials
28:486-495.

[84] Stitzel, J., Liu, J., Lee, S.J., Komura, M., Berry, J., Soker, S., Lim, G., Van Dyke, M., Czerw, R., Y00, J.J.,
and Atala, A. 2006. Controlled fabrication of a biological vascular substitute. Biomaterials 27:1088-1094.

[85] Thomas, V., Jagani, S., Johnson, K., Jose, M.V., Dean, D.R., Vohra, Y.K., and Nyairo, E. 2006.
Electrospun bioactive nanocomposite scaffolds of polycaprolactone and nanohydroxyapatite for bone
tissue engineering. J. Nanosci. Nanotechnol. 6:487-493.

[86] Stankus, J.J., Guan, J., Fujimoto, K., and Wagner, W.R. 2006. Microintegrating smooth muscle cells into a
biodegradable, elastomeric fiber matrix. Biomaterials 27:735-744.



iV Rk Jorl o BTy WS el a5t gl (6 i) ] ot AR

[87] Townsend-Nicholson, A. and Jayasinghe, S.N. 2006. Cell electrospinning: A unique biotechnique for
encapsulating living organisms for generating active biological —microthreads/scaffolds.
Biomacromolecules 7:3364-3369.

[88] Kenawy, E., Bowlin, G.L., Mansfield, K., Layman, J., Simpson, D.G., Sanders, E.H., and Wnek, G.E.
2002. Release of tetracycline hydrochloride from electrospun poly(ethylene-co-vinylacetate),
poly(lactic acid), and a blend. J. Controlled Release 81:57-64.

[89] Xie, J. and Wang, C.H. 2006. Electrospun micro- and nanofibers for sustained delivery of paclitaxel to treat
C6 glioma in vitro. Pharm. Res. 23:1817-1826.

[90] Zhang, Y., Lim, C.T., Ramakrishna, S., and Huang, Z. 2005. Recent development of polymer nanofibers
for biomedical and biotechnological applications. J. Mater. Sci. Mater. Med. 16:933-946.

[91] Jiang, H., Hu, Y., Li, Y., Zhao, P., Zhu, K., and Chen, W. 2005. A facile technique to prepare
biodegradable coaxial electrospun nanofibers for controlled release of bioactive agents. J. Control.
Release 108:237-243.

[92] Huang, Z.M., He, C.L., Yang, A., Zhang, Y., Han, X.J., Yin, J., and Wu, Q. 2006. Encapsulating drugs in
biodegradable ultrafine fibers through co-axial electrospinning. J. Biomed. Mater. Res. A. 77:169-179.

[93] Luu, Y.K., Kim, K., Hsiao, B.S., Chu, B., and Hadjiargyrou, M. 2003. Development of a nanostructured
DNA delivery scaffold via electrospinning of PLGA and PLA-PEG block copolymers. J. Control.
Release 89:341-353.

[94] Nie, H. and Wang, C.H. 2007. Fabrication and characterization of PLGA/HAp composite scaffolds for
delivery of BMP-2 plasmid DNA. J. Control. Release 120:111-121.

[95] Li, C., Vepari, C., Jin, H.J., Kim, H.J., and Kaplan, D.L. 2006. Electrospun silk-BMP-2 scaffolds for bone
tissue engineering. Biomaterials 27:3115-3124.

[96] Chew, S.Y., Wen, J., Yim, E.K.F., and Leong, K.W. 2005. Sustained release of proteins from electrospun
biodegradable fibers. Biomacromolecules 6:2017-2024.

[97] Liao, I.C., Chew, S.Y., and Leong, K.W. 2006. Aligned core—shell nanofibers delivering bioactive proteins.
Nanomed 1:465-471.

[98] Venugopal, J.R., Zhang, Y., and Ramakrishna, S. 2006. In vitro culture of human dermal fibroblasts on
electrospun polycaprolactone collagen nanofibrous membrane. Artif. Organs 30:440-446.

[99] Yoshimoto, H., Shin, Y.M., Terai, H., and Vacanti, J.P. 2003. A biodegradable nanofiber scaffold by
electrospinning and its potential for bone tissue engineering. Biomaterials 24:2077-2082.

[100] Li, W.W., Tuli, R., Okafor, C., Derfoul, A., Danielson, K.G.K.G., Hall, D.J.D.J.,, and Tuan, R.S.R.S.
2005. A three-dimensional nanofibrous scaffold for cartilage tissue engineering using human
mesenchymal stem cells. Biomaterials 26:599-609.

[101] Zong, X., Bien, H., Chung, C., Yin, L., Fang, D., Hsiao, B.S., Chu, B., and Entcheva, E. 2005.
Electrospun fine-textured scaffolds for heart tissue constructs. Biomaterials 26:5330-5338.

[102] Inoguchi, H., Kwon, I., Inoue, E., Takamizawa, K., Maehara, Y., and Matsuda, T. 2006. Mechanical
responses of a compliant electrospun poly(l-lactide-co-e-caprolactone) small-diameter vascular graft.
Biomaterials 27:1470-1478.

[103] Matthews, J.A., Boland, E.D., Wnek, G.E., Simpson, D.G., and Bowlin, G.L. 2003. Electrospinning of
collagen type II: A feasibility study. J. Bioact. Compat. Polym. 18:125-134.

[104] Wnek, G.E., Carr, M.E., Simpson, D.G., and Bowlin, G.L. 2003. Electrospinning of nanofiber fibrinogen
structures. Nano. Lett. 3:213-216.

[105] Sell, S.A., McClure, M.J., Barnes, C.P., Knapp, D.C., Walpoth, B.H., Simpson, D.G., and Bowlin, G.L.
2006. Electrospun polydioxanone—elastin blends: Potential for bioresorbable vascular grafts. Biomed.
Mater. 1:72-80.

[106] He, W., Yong, T., Teo, W.E., Ma, Z., and Ramakrishna, S. 2005. Fabrication and endothelialization of
collagen-blended biodegradable polymer nanofibers: Potential vascular graft for blood vessel tissue
engineering. Tissue Eng. 11:1574-1588.

[107] Jiang, H., Fang, D., Hsiao, B.S., Chu, B., and Chen, W. 2004. Optimization and characterization of
dextran membranes prepared by electrospinning. Biomacromolecules 5:326—333.



Yyv

[108]

[109]

[110]

[111]

[112]

[113]
[114]

[115]

[116]

[117]

[118]
[119]
[120]
[121]
[122]
[123]
[124]

[125]

[126]

[127]

Aot g ol e Uil 16 05500 A5 &y e 3y LT ol3 ol LD Ml

Pan, H., Jiang, H., and Chen, W. 2006. Interaction of dermal fibroblasts with electrospun composite
polymer scaffolds prepared from dextran and poly lactide-co-glycolide. Biomaterials 27:3209-3220.

McCullen, S.D., Stano, K.L., Stevens, D.R., Roberts, W.A., Monteiro-Riviere, N.A., Clarke, L.l., and
Gorga, R.E. 2007. Development, optimization, and characterization of electrospun poly(lactic acid)
nanofibers containing multi-walled carbon nanotubes. J. Appl. Polym. Sci. 105:1668-1678.

He, C., Huang, Z., Han, X., Liu, L., Zhang, H., and Chen, L. 2006. Coaxial electrospun poly(l-lactic acid)
ultrafine fibers for sustained drug delivery. J. Macromol. Sci., Part B 45:515-524.

Kim, K., Luu, Y.K., Chang, C., Fang, D., Hsiao, B.S., Chu, B., and Hadjiargyrou, M. 2004. Incorporation
and controlled release of a hydrophilic antibiotic using poly(lactide-co-glycolide)-based electrospun
nanofibrous scaffolds. J. Control. Release 98:47-56.

Verreck, G., Chun, I., Peeters, J., Rosenblatt, J., and Brewster, M.E. 2003. Preparation and
characterization of nanofibers containing amorphous drug dispersions generated by electrostatic
spinning. Pharm. Res. 20:810-817.

Spasova, M., Manolova, N., Paneva, D., and Rashkov, |. 2004. Preparation of chitosan-containing
nanofibers by electrospinning of chitosan/poly(ethylene oxide) blend solutions. e-Polymers 56:1-2.
Xu, X., Yang, L., Xu, X., Wang, X., Chen, X., Liang, Q., Zeng, J., and Jing, X. 2005. Ultrafine medicated

fibers electrospun from W/O emulsions. J. Control. Release 108:33-42.

Zeng, J., Yang, L., Liang, Q., Zhang, X., Guan, H., Xu, X., Chen, X., and Jing, X. 2005. Influence of the
drug compatibility with polymer solution on the release kinetics of electrospun fiber formulation. J.
Control. Release 105:43-51.

Zeng, J., Xu, X,, Chen, X., Liang, Q., Bian, X., Yang, L., and Jing, X. 2003. Biodegradable electrospun
fibers for drug delivery. J. Control. Release 92:227-231.

Jiang, H., Hu, Y., Zhao, P., Li, Y., and Zhu, K. 2006. Modulation of protein release from biodegradable
core—shell structured fibers prepared by coaxial electrospinning. J. Biomed. Mater. Res. B. Appl.
Biomater. 79:50-57.

Liao, I.C., Chew, S.Y., and Leong, K.W. 2006. Aligned core—shell nanofibers delivering bioactive
proteins. Nanomed 1:465-471.

Formhals, A. 1934. US Patent 1975504.

Taylor, G.I. 1969. Proc. Roy. Soc. London A 313:453.

Baumgarten, P. 1971. Electrostatic spinning of acrylic microfibers. J. Colloid Interface Sci. 36:71-79.

Hayati, 1., Bailey, A.l., and Tadros, T.F. 1987. Investigations into the mechanisms of electrohydrodynamic
spraying of liquids: I. Effect of electric field and the environment on pendant drops and factors affecting
the formation of stable jets and atomization. J. Colloid Interface Sci. 117:205-221.

Doshi, J. and Reneker, D. 1995. Electrospinning process and applications of electrospun fibers. J.
Electrostatics 35:151-160.

Deitzel, J.M., Kosik, W., McKnight, S.H., Beck Tan, N.C., DeSimone, J.M., and Crette, S. 2001.
Electrospinning of polymer nanofibers with specific surface chemistry. Polymer 43:1025-1029.

Sun, Z., Zussman, E., Yarin, A.L., Wendorff, J.H., and Greiner, A. 2003. Compound core—shell polymer
nanofibers by co-electrospinning. Adv. Mater. 15:1929-1932.

Boland, E.D., Simpson, D.G., Wnek, G.E., and Bowlin, G.L. 2003. Electrospinning of biopolymers for
tissue engineering. Abstracts of Papers, 226th ACS National Meeting, New York, United States,
September 7-11, 533.

Xu, C.Y., Inai, R., Kotaki, M., and Ramakrishna, S. 2004. Aligned biodegradable nanofibrous structure:
A potential scaffold for blood vessel engineering. Biomaterials 25:877-886.





