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Finite element analysis for predicting the mechanical properties of bone
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ABSTRACT

Getting benefit from additive manufacturing (AM) techniques in medicine has revolutionized this filed especially in bone tissue engineering.
One of the low-cost AM techniques is fused deposition modeling (FDM) that has provided a platform for fabrication of bone scaffolds. Bone
scaffolds should have acceptable mechanical properties as well as biological features. In this way, finite element modeling as a common trend
is used to predict the mechanical properties of bone scaffolds in order to reduce the number of experimental tests as well as considering the
appropriate biological features. In this study, a reliable finite element model of bone scaffolds made by FDM technique was developed. The
mechanical properties of the structure were determined by compression tests and separate experiments were used in order to validate the
numerical model. All scaffolds in both model and experimental tests were designed and fabricated with a lay-down pattern of 0-90°, filament
gap of 350 micron and 0.5 mm nozzle diameter. The results showed that the finite element model could predict the mechanical behavior of
bone scaffolds with reasonable accuracy and hence it could be used for mechanical evaluation of the bone scaffolds.

Keywords: Bone Scaffolds, Finite Element Analysis, Fused Deposition Modeling, Mechanical Behavior.

Oloin b ol ongy (9938 Colu (65509550 SoS a4y Jlad ) (59008 Lo -

Olezewl gilusl cod )l as b je oS o) Sletual can )l S a

Sl dsbe cibs o sl anils po aewlio oud pled Cuond oyl YL

2o 3 Osm bume )3 6)0aS5 51w g ead ax8 S lisjee 4>l

Sl adlsl o 00 8 e ctS il ol angd MLE AT lais g0 Cean )l
IV] 85 salss &0 3ggn 5 oo aLB a5 3 90 Caond )0 ol

Lcoly SO slan |y 0ss as o) |, Sllg ol leseinl ax S

o dgaze Cexlyz 5l e ojlail 4 Sl Lol assT g5lesl sl

Please cite this article using:

Jols il psle S ol (S5 @y o oyl il watgs
Ngy 4 Wlgge &5 (pudige g (S lge ple (Jslo wlidiun;
DI a5 K gloswinl ey @lp Slssos] bcan,ls anwg
el b sle ;2S5 5 0l sl 1) aloins @8ly )0 Slysinl slace)ls
Ly gl ohsay 3l Jlo oo o Sogidl cole (5,0l wisle e
el 03,5 slowl Glinl Slatans)ls adsi slp 1) (6 (28l (puiige
Glacan )l oyl sl plil ane; cpl jo aT ol )l5 dks

s lod 3Ll 13 )L 5l Wl ol @ gl yl (610

S. Naghieh, M.R. Karamooz Ravari, M. Badrossamay, E. Foroozmehr, M. Kadkhodaei, Finite element analysis for predicting the mechanical properties of bone scaffolds
fabricated by fused deposition modeling (FDM), Modares Mechanical Engineering, Proceedings of the Advanced Machining and Machine Tools Conference, Vol. 15, No. 13, pp.

450-454, 2015 (in Persian _.,i)


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.41.1
https://mme.modares.ac.ir/article-15-3699-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1394.15.13.41.1 ]

Ve 9 asiis glolw

e OR9) Ay 4y 03ub g3 HlgFiaml LIS KW YLD S ing J9kie & 3930 Yledl (55 wdamb

(8] sl e ls lazsle g, p 138,50 Jaloe ¥ JS

JHS Ol 9 05ie o3Il (Sl ol (595 2 I8 Jelse 5T (S
oo S0l & SHle (le bl sln ol nl S wBliee Sl
Ygons wsl ool 2355 5 (e sl olre )50 (sl ol
TANT 55 8 oo solitul jlad slacaus 5|

SHe Ll et lp cebe GBy) Sgume Glll e S
Sdgm Sl SRy 05 Bl L olsn b asbge Slosetal glacen s
el ol 5l S DAl s Osllae (SISl olys 4 s 050
Sy 0yiz ojlul wgh azd S i s Celige & e (Sislse
SIS sk a g wlj Slse @55 5 sime Slge S99 sln Bl e (Sl
sasie laghsy 5l s V Jsaxr o el Coeal 550 Jsbe Ol
o 00,51 5] 5 5 0yi> o3l elyan &) gl glbcamsls il
b )ls Eilo gl canlin 03300 Cansl ateitis &5 jsblan
Al o (9,5 0399 ;3 (gl

o315l U ol (clocams,ls adss ar o6 Sog3al el sla s, 4z 51
sly by, onl (Jy wiblioe Yo IS5 ol g I 090 )i JS2 g
DT wlase 5 oo «Szs olal b glacan s el

o 50 ¥
S Jb ey glsgial slacaw by (lgseinl cdl pwaige sBays 3l
9o STy b sl Jod BB Sl o Sy sl Cemlioe
Siloaand aieey ool 5o axdl Lls 55 1) Jobo a5 (sl (So3glem 5L
b Szl glacay s (SHe lo Shy smiin slr ssame Gloll
el sl bty dahie 5l Su Ol 4 sy slapleasle
Ol 0 RS DL eolaiul 550 o] sloanyze Lilaite 5 (os slagses]
cebie (Sislsn oSy bsluaned 455 (al ;o &5 cl Jl> o
3 5 Joke oz 6l 9,50 ol jo slro e ol ily ailes
W0 )8 oo Bl o954 Jole 2S5 aalsl
Syl ol glp sl ooguze 85 s o b odadlas p) o
o a3l Syl clacan,ls (o Sings So0 5 oeluly Jlsil
Sl @iloard Jas alol 0 285 500 bl g5, 2 Lid laggas]
ANV S B NEESK NCUNE NP IR S

Scen )b col it glayig, 1o J5d5s (i g 0,0 o3l Y Jgue
Dy ] glgsel

g23) J—"‘-l"-' do 0 (05)5-3-4\) o ya> o)‘L.\JI
2 b el S e OA-5+ VeroYeon
ol il )S Jlasl f--fo EREA
Goudy 41D 59 0S] FA-VY VeV

;:)l).> )‘l solazwl L

Gl AT o ot ] Cond o9 Sy Syge 40 g 08,5
S sl ) plamas (San ele Sl o)l 5l 0es gilejl
sladsbor b 23l 51 535 ige) ST a5, 5y iyl (slaege
el 00,5 301 (Ko Sladl <l 5l o5 Wisw) 8ISl L (Glows 09>
Ol 650 o el ool sl la by (ul dawg oS Sgge VL £ B
ol R B ol 5hs 6,500 Ghgs 4 crlpbe s Jlisar |y (ole, 0 o s,
el s, U o ol g, Syl il i 55 e La S
a0l alas Sl (38 blog 5l eolizul) @iy cals b g (gloyo g5l
Syt g odd LBl A oy5e Jore ;3 0ad Lk Gl o5 5 5k
15 sy ol 985 e e ol Sl U ey 235 L 5 s
Ol S8l ud 3l plojen g Cals ()0 Gab 4325 @l
O% 3 &S wdlioe (et ld joliie b cnl o o)ls g s ) ol sl &
Il s oo w520 IS 55k

LSS G Sy Al Gldle ol ais o5 sbiles
oAt g de) (nl 0 pelie (JeoS crge (S ple o oyl e
Saow & K93 55 (5l g el oud lgstnl SOl pwiiges dlam )3
2 Sl sbghyy Sleyian 3 ares Cuz 50 LSS (nl 5 ool
s a5l ol 5 ngil WDy g SE (Al ((Sapls
Oy sl (99381 Sl SSLSS I (So plee cnl o ailes sl (s,
Shosliial b (syecdy ) ()39 ST (G093l Cle wnl ire 4
pal Glyil slacanls cole 6lp | Grm o wiloe o)l
» o9l el slanly Ko asleas &dly o Al B ol el 00,41
Glashd ol Sl axas o 5l Hleal Y 4 Y cole 4l
Loges ol 00 03,51 V JS& 10 a5 jgbylen .uled go e | o0y
55 bl @l sleslanal b (s eely ans) (55,81 213 loolfiws
sole il e b cile oy pgo 36 5 ol dnlsd el gly U3
oolitl cle anl e o 5 askd Jlsle ) clitlre gly >
il ol slaJsbne by ol 3 gt o M Lo ol 5,5
005 09 S| Coand Ceoms 4y (Gyendy ald; oKiws sbomy <S> b
Gl eaiSale Ceond 005 0 caiS b Ceond 8)ly 5 00,8 S >
ol S5 B 535 g 4y Al e oS S
Sl ool GlIY S 50 diges O ygo 4 Slgttin] Ca)ls S5l 6 paas
osle g5 ogdle (1 (SilSe 5 (Soiglon oI5 59y 22 IS 3l Jalse
el o i o] el Lalyd

/Fllamenl

[f] o)~

o)

1. Fused Deposition Modeling

CAMMT yuil piiS ¥l acgomo anliofus A ¥ o)laid 10 093 AVAE GbT e Sulke i


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.41.1
https://mme.modares.ac.ir/article-15-3699-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1394.15.13.41.1 ]

Vbl 9 asiis glolw

P9, Ay 4y 03ub g3 Hlgiaml SIS KW YLD, S ing J9kie & 3930 Yledl (55 wdamb

095 YO glasy (rm alol b 025 slagsesl 5 o0 Joo o
Szl cols JLid g0l 5l plei 0 IS 50w a5 (b
el oo ooy ylas

5 baigel 5 03,5 & jpo abiuiles olfius b las slaoge;] soles
slastiad cnl ooboly DY) 0s 8 03l TOQ) £ F g3l s laibeul 3l
L lagyge;l 9 9o 3 oolel Foske ¥ o Ve o Ve olal s baaiges oles
aigas & g MO [biie 28,5 plml abds e dee V ey
S50 oole S diges Silfe Lolys 45wl Siie cal w5 Jlosl
Geb U gl sladiges cile b g allas ilej] b 5 ol
IVE] sel censes 3060 ple sl s st
e a Sl cewls g S esle gl SVl Jsae olie
Gl b JISCublSe VAY/EY 5 VWWV/AS Line Ol ol L SISl Ke ) OYOY
el Cews 4y 5lad ym slayaesT 5IYYIAD jLas

Sguzo lodl 55w Joe -Y-Y

Sl Jae Sy a5l slacunls (Sl 5, i ol
sll S Ll j18le 5 cmugiaal by 4 cungaS 5l oolatul b sgasmes
Sleeinl Glacan)ls SVl Joae dewlxs (gly oo syl Jow cpl o
Sledl gyl Jdle s 3o bgiluans ool 23,5 13 oolizwl 9,90
6l SV ¥ o e B35 et 005 ool 3 Jaslia] ugSLT Sgasea
08 ol Jaw o)

=5 5ok Jlesl Ol jgkieay YU sl 51 (gl 0als (>lb Jow 5o
W35 oy b oml gsbae 5l s)laie JSO s @y 5 00,53 Sy 15
o eagiS Geizmed AL LA Sezg g5 ye Lulpd Jlesl GGl B
3 3k Jloel osle ol iy gt 5 Joe o gy ol 58,5
iyl Ceand 0 05 0game Glall > ST 50 5 (5300 (g5 Ll
Ol 0 Ol o 0gead (Hlb 528 4 alip (el pwnin Jue
A8 e g Calo gloaids) oy aAlols K0Sy o LY (85,8 (e
Jode polie oole plg (e Cond [0 odleds W08 oy a5 Al
T gwler oo po ol yod 4 o )lo cilu (sl oolitul 890 00le StV
WSS Syse o5 gose;l ulely polie nl g ey eein LG
Sgaze >l (gilw Jaw 0590, yiion Sledbl 5 Gldie W0ys 5 s
U en g 59015 anlllae ;o (o0 o0ls dawgi asly o ,oSUl Y olas)

IVe] cenl ons 00)5]

ouls Jlosl (g5 00 daol gl —V-Y-¥
ol waw Jkl ‘5o|51 a0 olos lusd Q}Q}T b oo Gudaio gl p

Slodil slacayls jLud Oﬁ*}i o S

S8 dslie 050 Joe gl g dee slagyge;l 5l ool caws 4 polis o Jaw

iz S

I o9 -F
maslllas (0 392 ge polie 4 az g b Jlesinl slac o el laxl jo
bosgaze lall Joo Sy i 1235 Djs0 Gl R2a55 Ko la
Slacaw)ls sl osSUl Il 5 (mgianlin b & (omgiaS T oslazl
5y50 5128 geT plowl b Joe ol aelsl 4o . byl s 4l Slsse

28518 )l

g o yld Cs b -
G yordy iz 5l S 0590 Glacenyls ctle (gl ooliiuwl 5550 cole
) oty 2 ogdle eole b a0 3 Sl sl SV L 5L
DS e w3 O )3 S Gl e g b g pdice BECun;
5 99l slad syl 458, 5 S fius arlis (slo il
10 g o8 cle 4z 50 VA0 (55, oy A oKiws cole Y culis
(F J52) Jhisyge Comp)ls plettla (2l 5l g 00 i ale
ot s cil cuz oS 39,081 36 90 LYY e o) olfius
0y o3lasl glyls oud aBlu Cagyls 2B )5 18 oolatul 850 Slesuisl
D9 a3 Fo S e 5 (H9ySee YO Lawgie

bug a5 s e olad 1) ool adle Cawyls 5l ola O USs
L J555 olime o el 53 o3 ol 0 4555 558 oS S
Sy oya g aii ojlul lawgio polie g ael Caws 4 edaed )l B,
28,5 8 eslaul 550 um S5
2 oge3T sl -T-¥
b el g sl glacun s plasle (Sl sl Shs

ds 0e Jde omiwyliel jslite b Glaillaz slailesl 5 ool (puuas
Slezial lacen s i aS 45 jsblen el s 4 oads 4] o

=

A
AVAY

\J
AN
Ay,
Ay
&

SA
Ay

X /«?
NG Z ":'Z:%l‘
SO OCE5 0975

&5
LA

Ay e ST ol lawg oad aislu g (b can s 5l ol ¥ S
Q)|).>)‘| OQLM'LKSMJ»?

T T T TERL TSI g

|
[ L LN S _ RNy EEE L
A - — - -

e
| : B =

BOoTherorm ] = e =

ATy b oads ansle sl oSV Ly a0 boans, ooy sles P Sl

2. HOUNSIFELD (H50KS) (5 o ) 6 ponks Y (30,505
3.150 604/B/1 99 PPy S0) (8 poly Y ()55 %S

4.ASTM: D 695 - 02a

5.C3D10: A 10-node quadratic tetrahedron 1. RAPMAN 3.2

CAMMT (yusl paiS =Vlio ac gozmo aolioas Y oplaid (10 095 A YAE WLT ()30 Suilke Hwline Ay


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.41.1
https://mme.modares.ac.ir/article-15-3699-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1394.15.13.41.1 ]

Obled 9 duiii ylebw

e OR9) Ay 4y 03ub g3 HlgFiaml LIS KW YLD S ing J9kie & 3930 Yledl (55 wdamb

8.5+ -
— 2 syl

3 &
:; 75 a9 el Jao
g .

i
265+
oF
550

018 02 012 04 0% 01
(oo | raudio) iy

2775 0303l 9 1P e o3Il (1 (5,8 A5 Jloges A S

212
T 2115 A

211 4

210.5 -

210 A
209.5

209
208.5 -
208 -

075 0.7 0.65
Gleghen) i b

(Sl Ee) SVl gt

sl Gyl SVl g 59, 2 4, o3l 51Q JSC

1500
3
-
3 1000
¥ 500
J &
2>
0 | |
-0.03 -0.23 -0.43
Groslo) v Y Soc

(SloFeil Conls S Jgo0 (595 5 el G (St o2 2 1 Ve S0
colo ol a8 ol ool @Bly 50 laaid) G (St o8 4 5l sl
5 O5leoce MY 4 Y Ojso a1y Slemuinl can )l wal solaiul Jog38l
el J 5o 4l sylie (LS 4 5s) 2 sz Y cSle olej o
o)l G 5l esye3 G sles VY US55 5500 98 LS JBI 4
o bay 38 e IS ol o el ool cols las Slgseil

Wloas sols Hlas K080

T

JEPTIIRE NS, ST o )~ 0
3 7 ’5 y 4 "l >~ - ‘v
A3 - PR -
S Pl ad e o Al v

Py

PRV W IS W U S SR SR F YOS CE PSR | I L)

oy

Ll caand cpl &S cwl Jljo ol g eads 48,8 Slesaiul e ls
oVl e J! goll slhaz s ablse i r g0l slaarys
ol gyled b Jleel cam 5o Lid g ool aol 55 Slgseiw] )l
pled NSk Cuzr 5o a5 WS (B8 siledee Gl ol Al
Slaaz s 5 WS (o0 &S Sl gl Sz 0 VL gl slao S
i Tandse g pized a5 43S L 0 Wl i3zl ol
S e e P S 0 4,5 L8 5 e () e sl

el ool &3l Ssleds O g0 4y |y 0nls

&b -¢

YIAY sleowijly,y w@iws YE slaw b oo plxil slagjluans oles
i ool CqlES VE aliils lie 5 555,058

ade 4y cal ool Hlad 1) oads plodl e Coslus asdllas Hloges ¥V JSs
i ppslie <8 5 /Y 110 05l b laie gl 5 oS sloas b s
&S Hsbolen w85 8 eolaiul )50 il oe @mls (285 lp +/P
oy shos 5e5T 5 (silyial Comyls SVl Jgio e i 0,31 L3
Syl ly o0 (g3l Jaw )0 ol ol ol JIKLLIS YAYIPY L
S JSbSa YVYYY b ol /8 s olail by 5 iyl

b agasme Glall Jow (755 5 hos 093] GRS G5 Jloged A JSs 5
ol 00 00l L /s o3l

Canpls o loaid) ooy (S w0 a4 5wl ol 1 rioren
POl @ls &84S I s 0550 o] Szl Jsaa 55, 2 (Slye!
el ssd SV 5 oS

@il ojlwl Jlake b oS b ogd oo osalin 1SS [0 a5 jebles
doye il b a4 ojse cpl abge (relS Syl Joae Hlade
Ao (§3; (SlyFial Cunls SRl

[Ve] Slgseial conls Jow 5o onds Jlae! (s350 dasl s 51 Seslots § JSCo

-0
521+ L iy
]J L ,¢/ —_l
5.205 e
’j /l‘ —_— Y
> 52+ -
g / —— '8
2
25,1954 //

5.19-

0.1161 0.1161 0.1161 01161 0.1162 0.1162 0.1162
(ks | aalis) iy

Ui o3Il @l yiolie glyy (25,5 25 jloges Y S

CAMMT il paiS wVlio ac gozo aobio a9 A Y oplad 10 095 N VAE obT (o) Sule wiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.41.1
https://mme.modares.ac.ir/article-15-3699-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1394.15.13.41.1 ]

Ve 9 s Ylolw

e Q09 Alawg 43 03wk Salgi SlgStiaml (sl S8 HUB) S i Holdie & 3930 Yloll (5 )lwdamd

[4] B.V Reddy, N. V Reddy, and A. Ghosh, Fused deposition modelling using
direct extrusion, Virtual and physical prototyping, vol. 2, no. 1, pp. 51-60,
2007.

[S] M. Li, Modeling of the dispensing-based tissue scaffold fabrication
processes, Department of Mechanical Engineering, University of
Saskatchewan, Canada, 2010.

[6] S. ]. Hollister, Porous scaffold design for tissue engineering, Nature
materials, Vol. 4, no. 7, pp. 518-524, 2005.

[7] S. ]. Hollister, R. D. Maddox, and ]J. M. Taboas, Optimal design and
fabrication of scaffolds to mimic tissue properties and satisfy biological
constraints, Biomaterials, Vol. 23, no. 20, pp. 4095-4103, 2002.

[8] Z. Fang, B. Starly, and W. Sun, Computer-aided characterization for
effective mechanical properties of porous tissue scaffolds, Computer-
Aided Design, Vol. 37, no. 1, pp. 65-72, 2005.

[9] J. M. Estellés, L. Krakovsky, J. C. R. Hernandez, A. M. Piotrowska, and M. M.
Pradas, Mechanical properties of porous crosslinked poly (ethyl-
acrylate) for tissue engineering, Journal of Materials Science, Vol. 42, no.
20, pp. 8629-8635, 2007.

[10] M. R. K. Ravari, M. Kadkhodaei, M. Badrossamay, and R. Rezaei,
Numerical investigation on mechanical properties of cellular lattice
structures fabricated by fused deposition modeling, International
Journal of Mechanical Sciences, Vol. 88, pp. 154-161, 2014.

[11]]. Lee and L. Lee, Bioactive Glass: State of Research and Future
Perspectives, Researchgate, 2015.

[12] I. Zein, D. W. Hutmacher, K. C. Tan, and S. H. Teoh, Fused deposition
modeling of novel scaffold architectures for tissue engineering
applications, Biomaterials, Vol. 23, no. 4, pp. 1169-1185, 2002.

[13] ISO 604:2002, Plastics - Determination of compressive properties, 2002.

[14] ASTM: D 695 - 02a, Standard Test Method for Compressive Properties of
Rigid Plastics, 2002.

@ Jubxi -0

S Shs 5l Cambion Sl 0590 855 @ axgi b glsunl slacen ls
5 o &l sgasme Hladl Jaw S8 a4y il oo el (S
S Gl Thy Glgies celie ikl Jlosl b5 adlas ol
madyo anze s ey 5o, Gl b culpby 58 QL3I (Sl )l
SVl Jgko 55y 51 428, 03l il anlllas ol 43 e S5 a5 jsblan
G oud Wl Jus (S ek 4 285 18 s 0)9e (Sl o
Abee Gl SVl Jaoe fime @l ol Giolil b aS o5
Jose (S jeb 4y ais; o3l 2ul38l b as” Jlo ol b aS ol (S8 4 p3Y
Ol b as cals Sl yo Wb 1y 4Gl (Js sl ge ialpsl Sy
Lawgs 0ol wgi wlj lge @g > 5 S Slge Home sln Lulpd s o5l
A 5o L) 00 5 o ety Sletin] Cann s (55, ool iST sl Jsle
Pler o Jols olbm! el a5 el (o (ol J55S suo o (38,5
3o (LS 93 4] 353 B (Sigde 5 SHe

Shez 12 4 Oliee FCE S JIE o) 050 45 (53,190 51 Koo (S
Aoz 5log o] SVl Jgoe 55, 2 (Slosenl glacus)ls 1o a0
ol S glocusgame 5l (SO leie a4 ojlgen a5 ola Sis
Wl sled 4 &ylye 5l eolatl b (g el ais) (45,5 0ilon G038l
s bashd Y 4 4Y cole b a4 bay YL Sais oo 4 pae
Ol Gl booad eols lid bl Cuond jo a5 jebiles il
Ol el b s il Sl Jsae Gl Ay (Soies
sbos jlaae ailen (soaxin helse Caslgo (Soiwz o2 4 olis o)
Jole cpaiz g by cole o Sl alold (3L e yu ol 35U

S 8 gy 0550 K00

S 4o -1

O59rmST $9538 el Al B b oo aisle glacew,ls i opl yo
gl Szl Jpia b 8 5 b lagges G s puck Y
opme olll s 5 y9m (Sasill osg] oy J| e ] s
Ao el ol Sleial canls (SlSe 1, (loghe shiie 4
sanlive g 905 duslie loe cus polie b Jow opl 5l odal cassds gl
S by (SlSe Hlid, st 4 508 oul bl sguste Ll Jow a5 0
S i > e S ol e s LG
Sged oolaiwl glaiwl gl

S5 9 g8 Y
S 4 el cois dRasls o bl pl 58 5l ahle Ban g
sl ansly 1) Slejad JS siegh b onl sl o 6, Ken

&lp A

[1] P. Fabbri, V. Cannillo, A. Sola, A. Dorigato, and F. Chiellini, Highly porous
polycaprolactone-45S5 Bioglass® scaffolds for bone tissue engineering,
Composites Science and Technology, vol. 70, no. 13, pp. 1869-1878, 2010.

[2] F.P.W. Melchels, M. A. N. Domingos, T. J. Klein, J. Malda, P. J. Bartolo, and
D. W. Hutmacher, Additive manufacturing of tissues and organs,
Progress in Polymer Science, vol. 37, no. 8, pp. 1079-1104, 2012.

[3] S.P.P.Poh, Invitro and in vivo assessment of bioactive composite scaffolds
fabricated via additive manufacturing technology, PhD Thesis, Faculty of
Science and Engineering, Queensland University of Technology,
Australia, 2014.

CAMMT (yusl 5aif =:Mlio ac gazo dobio us AT oplad 10 093 AFAE GbT i ywrde Spilse w o ¥


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.41.1
https://mme.modares.ac.ir/article-15-3699-fa.html
http://www.tcpdf.org

