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Finite Element Analysis on Porous Scaffold with Different Materials
to Repair Defects of Rabbit Femur under Immediate Loading
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Abstract; Objective To investigate the biomechanical behavior of porous scaffold with different materials ( Ti,
Ta, PEEK, HA) for repairing rabbit femur defects under immediate loading by three-dimensional finite element
analysis (FEA), so as to explore the best porous scaffold material from the perspective of biomechanics.
Methods The CBCT combined with software such as Mimics, SolidWorks, Geomagic Studio, ANSYS were
used to establish an immediate loading model for the repair of rabbit femur defects with porous scaffolds at differ-
ent stages of bone healing. The stress and strain distributions on the scaffolds and the surrounding tissues were
calculated. Results The maximum equivalent stress of porous scaffold decreased along with the bone healing. In
the granulation tissue and fibrous tissue model, the ratio of the maximum equivalent stress to the yield strength of
porous scaffold was: HA>Ta>PEEK>Ti. The maximum equivalent stress of the HA porous scaffold was greater
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than its yield strength. The number of suitable strain elements in tissues around the porous scaffolds was:.

PEEK>Ta>Ti>HA. The number of potential fracture strain elements in tissues around the porous scaffolds was:

HA>Ta>PEEK>Ti. Conclusions The HA porous scaffold could not bear the immediate load and guide bone

healing well under immediate loading. The elastic modulus of PEEK porous scaffold was similar to that of bone

tissues, which could preferably guide bone healing. PEEK was an ideal porous scaffold material under immediate

loading. The research findings provide some references for the selection of porous scaffold materials under

immediate loading.

Key words: porous scaffold; biomedical materials; immediate loading; finite element analysis (FEA)
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Fig.3 Stress distributions on the porous scaffolds in different models (a) The granulation tissue model ,

(b) The fibrous tissue model, (¢) The immature bone model, (d) The mature bone model
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Tab.2 Maximum equivalent stress and its ratio to the yield strength for different porous scaffolds at different stages of bone healing

KRS/ MPa I
PR s smms owBRR RBGDE RAAS ARAS PRBNT R
Ti 102. 20 102. 00 35.40 27.06 0. 170 0. 170 0. 059 0. 046
Ta 49.83 48. 60 2.04 0.92 0.977 0.953 0. 040 0.018
HA 48.38 44.89 0.91 0.33 2.360 2.190 0. 044 0.016
PEEK 51.04 50. 22 2.91 1.31 0. 549 0. 540 0. 031 0.014




MW R,E ARWMHSILERENZAB TEERBRBRBHFRITHSN
YU Ti, et al. Finite Element Analysis on Porous Scaffold with Different Materials to Repair Defects of
Rabbit Femur under Immediate Loading 619

2.2 BAZEFBEALNTST

ZAL R B AL e B A A A FEB B 1
TR ARG AN 4 FroR ., AREE Wolff &, 4 2L
SR TR 4 20 A 8 ] £<0.05 I, 23 fih o B R 1
FAMEMSRE 2 2 Z2 AL SRR 14 &= 0.05~3. 00

3

0.0055944 Max
0054

Ti

.0005
0005
-0.00076033 Min -0.00075582 Min

& 0.10603 Max
0054
0047
004
HA 0033

109809 Max

e
3
0.03486 Max
.0054
047
.004
.0033
025

.0005
-0.0022642 Min

2365 Max
054
0047
04
033
0025
019
0012
005
-0.00048108 Min

(b) A LR

%%0048165 Min

(a) PIZFAHGUERY

—
&

| CEEsEEE )

22222222

SERERRZE

£

:

g

g

4 AEEEHSATRARALANERE

I 38 BT E A IR A Y 2L IR A B £>25
), AT REH BT 7 PR 2R 20 S 2T 2k 241 S A
LS 2R T BB 4 4 L AR BT PEEK > Ta>
Ti>HA ; 2L 32 28 i) [ 20 40 0] 68 % A= W7 24 0 A% FR T
B HASTa>PEEKSTI (WL 3) .

3

000083043 Max 0.00032698 Max
.00031

[ omscmms B
g3g3sss
J2E8R38

[ Ssscams |
222222
gsg3:22
SaeRLS

0001,
6.2589¢-6 Min

001
9.8608e-7 Min

> T T
gasses

g

g

ENTETE- T
S e

z

b

.000]
-2.7251e-7 Min

[ Se Sms EAN s sms W =S Sms
’ S S - 3-34 ‘ -
Ssss22
AT
$
z

(c) R & PR (d) PRFAE FBERY

Fig.4 Strain distributions on tissues around the porous scaffolds in different models (a) The granulation tissue model,
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