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The Effect of Materials and Porosity on Bone Formation of
Degradable Scaffolds

GAO Ze', SHI Zhiliang', LI Feng**, ZHANG Ya**
(1. School of Mechanical and Electrical Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China)

Abstract: Objective To study the effect of different materials and porosities on bone formation in the scaffold
after implantation of the degradable bone scaffold into human body. Methods According to natural reaction
mechanism of fracture healing, the finite element method was used, combined with geometry of the scaffold, to
establish a computationally coupled model based on material degradation curve and bone reconstruction control
equation. Through this platform, representative volume elements of the scaffold with five kinds of materials and
four types of porosities were selected for calculation and analysis, and dynamic process was reflected by bone
mineral density (BMD) and maximum stress of the scaffold. Results The elastic modulus of the materials had a
greater influence on growth of bone tissues in the scaffold. The smaller elastic modulus of the materials would lead
to the greater amount of bone formation, but it would also have a greater impact on mechanical properties of the
scaffold. The scaffold with higher porosity had lower rigidity, which could better promote formation of bone
tissues, meanwhile it would also destroy mechanical stability of the scaffold. Conclusions According to
performance requirements for different age, gender and location of bone tissues, personalized reference and
calculation basis for selection of materials and porosity, structural design and clinical application of degradable
porous bone scaffolds can be provided.
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Fig.1 Experimental data and fitting curve of materials

1.2 BEER

H Wolff & H 9 &k LK, 124 IR 45 il 41 41
SR Z IR O R B IR A RIS, B T R 0 1
PEERISRE N 7 0 AR B8N AR g ok L dg VR Y )
SRR ZEY ) Fyhrie 450 S B4R YT — b 0000 B
TENPER T, TERCFPE LR (R B AR R —
AR AR, W] LURR 5 L0 B8 AR bR AR 3 1
J5 1 AN RE , Turne %51 41 H —Fh Jy 22 RS A5 R
TR A NS LA AR R 2% 1 Sk 2 2 | MR A I A% BE %
JE AR IR T B A

%=B(S—K) (6)
de

K p I ERMEE B a3 HEHER S NI S
23, S=SED/p, SED AR ARREREFE K Jy F127 ]
BB EE, M S-K#0 i, Bk ERE, Fk5
A T BEX A B 722 AR S =K (1£s) Z[HIBS, B
FHE I 2 SSK(1+s) B, IR H I 24 S<
K(1+s) BF, RBUS Bk, B,

?:B[S—K(lis)] (7)
t

B A2 B dp/de Bl S i) 75 A 356 5 2 1 5
2, MTSEBRAN [R50 AF i S22 R A AN (5] 38 A6 8%
A AR AR AR 2t 1T L AE B 2 e v
BRI ARG S PR AL R
A B(1) KRR AR LA (A2 72, 5% 25 ]
PR AN [ 57 ) SR A A R i R AR b

Bmi eal ’ t < t‘x

B<t): Bmax _Bmin’ <8)
W + Bmin 4 B tO(

fi(r)y=e"" (9)

S0, O B(o) AR LTI (o] A5, 7E o, I

HARIR B K B, B, 530 R R e KR
5/MH,a=In(B,, /B, )/ t,;r; FHE 0 B FFE X
TSR R AS R g, 25 1 frik 15
B E AR O .

PELD g 15 - k(=91 (10)
1.3 BEITEERER

R T TR M5 SR S BT U AR R A
YR HEZH RS ER A Fe /N R TT 4 A S SO AR R
{ARFHIT (representative volume cell, RVC) , il i A FH
TUAE S IR AL 43 R B AL SR o025 A ok, i ST A
KRS BRI U S5 Z R OC &R |, LA AE—~3))
YIRS RLR R I S SR SRy R4 A ) S A2 A

SCHAEANAR IS W AR ARG O, AT LUB VR 2B 4
HARA A MR ot 78, B SR A RO Y B B mT AR
FER R L30T B B WO B B T
SH X B AETHRARL R 5] A RIR XA A 2
TE t<t, W), SC AL T f G BOnE i AR Lk 9 BT 30
Ji s 22 ][] 3 5 240 L 5 Jir s o 1 4 200 i 3 oo i 2
PRI 22 79 SRR A Sk v 0 B 3 3 1 A E 3 5



B OF, % RALRENTERZ RN BN
GAO Ze, et al. The Effect of Materials and Porosity on Bone Formation of Degradable Scaffolds 585

URRAE SRR, iy J U A . A =1, B,
SR AL ZH 2K B /)y BMD, A4 BMD i
Bl A 0.10~1.74 g/em’® 1, fEARJF 2~3 d,

DAAFRTT B I 2 N7 e S 28 W fige R T B 1Y
SRR G AL, AR S SE AR I 2 s

=0
REMAFTT
(RVC)

SCHBARLEH

HIRTTR I35 47

ﬂ RVCHHHAE

HRVCHIM R}
BIEBUR

FRVCHIFEL
RWEREp,

B2 XEEBEBEABaEERE
Fig.2 Flow chart of coupling algorithm for scaffold degradation

and bone formation

KRG &S A RoT i R IEE s a0 A
SREUNEINFA] 5 e<e, B B 40 70 S 203K T 4 5 O
b5 253K 3 >0, B, TR AT B T A3 T — B
YR FE (p,, ) , MR RL R ith Ze 73 31 SR 3R
WL BE (p,, ), B PS5 5 AR SR LT 5
i, FORA A S AR LA A AT R — IR A
BHUERFE] (2,) o
1.4 SHHHE

SR FH H ST 7 M 235 e 1 AR M A RR T T B 1 A
TR SZHREER , A COMSOL Multiphysics 5. 4 44
THARAN S ST LAl R 4 i B 28 Ak 72 (W
3), BAMRRUCIO S T ARG o R rh S e As

PRBPIRZS , AL FE R R 04 A A B 2 B LA B 7 )
SRR FEREASEAE R LR BT A RLE M SR
R N 4% 1) [F) P 2 3L | S 40 s 3 T 52 it o 2 1
T2 A , AR R LR R T A i, 30K 1 mm,
FEXT ARG 1 MPa JE 7, 47 5 R AL
BLHEASEOLE 1,

3 FRTHERTER

Fig.3 Finite element model of volume cell

®1 BREBNPASY

Tab.1 Input parameters in the model

S8 e
PATT SRR E, /MPa 500
HIARLL, Py 0.35
BT py/ (grem™) 1.74
FHRHARALL v 0.2
MR p,,/ (grem™) 3.07
RARBERERR,B,, /[ (grem™?)?-(MPa-d) '] 0.15
B/MEEAEER B, /[ (grem™3)2+(MPa-d) '] 0.05
BTN e,/ d 7
TR S K/ (m)-g) 0.5
BEIX s 0.1
HIEE 5% R 6
NN 2

2 #HR

TE S IR it 0B T2 R 28 1 5 A A v 5l o
5 FRTEH B ST IR BEATRAUTT S PR AN R FL B
REAFICHEAT X ST, 3l BMD Al KL Ay
KRF B LI AT WA B, IF 3R 7 H P
A



EREMAE %365 F4H 20214588
586 Journal of Medical Biomechanics, Vol. 36 No.4, Aug. 2021

2.1 ZTEEBEERRERITE

&l 4 fit sk B-TCP/BG20 14} FLER % 60% 1)
ST RR TR 5 R RG] kAR RR L AT LS
BURSHEE AL TR T AW AR Ak, WA A6k 5 i e b
B AR AR A 1.2 .3 4.5 J G5 B WO Y T
50904 2. 41% 3. 87% 4.29% 5. 29% 6. 84% ;B
Y o S 1T = e O N 2 o S A I
2.3.4.5 A4 I SZ 280 BMD 4354 0. 171 0,
0.254 3.0.295 7.0.331 9.0.367 9 g/cm®, Wi 23
— PR FEE AR

B4 ZREHRESBEABARTEREIRE

Fig. 4 Iterative process of the coupling state of scaffold

degradation and bone formation
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materials (a) Bone mineral density, (b) The maximum stress
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