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The bone scaffold is artificial mechanical support, that is implanted on collapsed bone microstructure. The clinical field has
become interested in that, because it is free of immunological rejection. However, few studies have analyzed quantitively
the mechanical interaction with the surrounding bone tissue, when the bone scaffold is implanted. Thus, the purpose of this
study was to analyze structural behavior variance, according to porous structures of the bone scaffold. This study set the
proximal femoral head as the implantation skeletal system, and defined bone scaffolds (i.e. triangular, rectangle, circular,
honeycomb) with four porous structures. Then, structural behavior variance was analyzed, caused by the implantation of
bone scaffolds. As a result, it was quantitatively confirmed that a porous structure such as a normal bone that can transmit
and support an external load is important.
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Fig. 1 Bone scaffold specification according to four porous structures: (a) Circle, (b) Triangle, (c) Rectangle, and (d) Honeycomb

7 T2 A=, A2, ol
29 P AL T Y=L ek 55, Alehe, JA 2
BEx7) i34 A& Ajmoly, 2 PLGA (Poly Lactic-co-
Glycolic Acid), PLCL (Poly Lactide-co-caprolactone)a} 72 &t
3 ALEAE S| AtE AL QUoH6]. =8 AEE AR WY
2 A A@TelA FFsk= A(In Vitro)HH AW (In
Vivot o2 dAatE]al 9lon, 2 3D ZHy 7|&o] A
oA AR P oRASkE AL QITH3]. 20 A TS
WA= HR[7.8], AHFR[9], AFFR[10,11], HRRP[12] 29KE
7t djsAoln, T AL Fx, dE TA mELY} FARE
TREE A= loH13,14]. H]E oA == &0 =8
2IREE O] W o] Bl o g o] F ARt OPX‘WW =8 20

ok e BA] A wlulak Algoltt.

B Ao 2§ AAEC] R Fxe] U gET
5 AR FuReld Y A% Wske gurHos BAsuA o
o} o2 g5l The Al 7o) tE BAES AASHL, 600 um

VH) WA 5% 27 ok 2ANEE Y AR A%E A
Aste] BBt HRA o vwstgle Telw 22 2]
SARS A% Wske] BANS LAt
2 22
21 B AhESS 29| s 2

£ Aol 2, he )P0l G ela A2 4

3 gl 9, A2, A, By ge
9] hd FHER THE BE 2AB=E vehyo

HE 293t 37](Z0]: 10.2, =°]: 10.2 mm)E 7}At} ot &
W TS HF 7159 A 27)(0.5-1.0 mm)yE THEA|7|HA]
U HA o] g2 5 s 8l FRERE V18] a5
SESHATH1S]. AP A 20| 2§ MEEE F 49

AT x 7] 71BAE 1.0mm)es FAg o, 7187 A
= 145 mmo]t}. o7\ A, 48 AAEEQ] 73 = (Porosity )=
32%00H, A AHEES TSEe 7%l A =
o] 274ZE L 80A4(8 x 10)0] 71 B (A S 0.7 mm)C.& A5
o, 7157t Agle 0.95 mmo|t}. E3F 421 ATEE9] 7]
S %otk BT F20 AHEEE0 % 10)2] 7]F(H]
5 07mm)e= A5ttt 7|53t AEl= 1.40 mmo|w, 7]
Ee 41%olth AAE AAEESS oY e 25 A4S
skel71ol A&t 7] =S 7HHh

SR, A} SAE (A S 600 um)E 7HA = Q1 2]
HEZ 22k FAF(EOl: 94.20, =0]: 104.40 mm) o]-&5to] &
§ 2NBES} A e mEe YISk Fig 2k 2
AtollAl ARERE 29 dhEE Gl dig 2 tiE=e
Wolff’s Lawol] A3t £ & F-Z(Principal and Secondary
Compressive Groups, Principal and Secondary Tensile Groups)
54 =g, 9% a5 gja 2o 724 ASL 2 6
aho] W AEol A ARG T 9leH16-18]

I
M

2.2 AFHEE ARl mE X AHS He} 24

& dAelME Freasid s T3 S8 EETE Ald
<9 HEE Lho) 224 A AXtetdih o5 fsl f7t
Q4 wdle 2153773709 A-3} 50 um =719 2,149,4887}
o 22H 84R FAENIT 4 840 Wrg(p) 989
A e, BT = Vgt 27 Fofsiinh. 8420 BA
(B S 8420 Wimghs 7|Hhoz o ¢dtof|Af AQke ¥
FA (1) ARSIl FoISIAATH19]. 84x0] 3EolEH]| (Poisson’s

J



August 2022 /629

104.4 mm

. 0000000

TS
looooooo

PC: Principal Compressive Groups
PT: Principal Tensile Groups

oecondary compressive Groups

Fig. 2 The site of the bone scaffold implantation in the synthetic
proximal femur
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Fig. 3 Comparison of strain energy among the bone scaffold-implanted and normal proximal femurs under daily activities

Table 1 Internal strain energy distribution by porous structure of scaffold

Lo.aq One-legged stance Abduction Adduction
condition
Str}:l(():ilelre Avg. [W] Std. [WJ] Max. [WJ] Min. [WJ] Avg. [W] Std. [WJ] Max. [pJ] Min. [pJ] Avg. [WJ]  Std. [WJ] Max. [WJ] Min. [W]

Circle  2.62E+00 3.72E+00 5.63E+01 2.04E-03 1.07E+00 1.26E+00 1.95E+01 6.56E-04 4.43E-01 6.56E-01 8.63E+00 6.87E-04

Rectangle 3.70E+00 7.60E+00 2.85E+02 8.07E-03 1.33E+00 2.21E+00 5.99E+01 3.44E-04 6.29E-01 1.33E+00 4.87E+01 1.08E-03

Triangle

3.20E+00 5.80E+00 9.84E+01 2.18E-03 1.33E+00 1.82E+00 2.92E+01 5.19E-04 5.49E-01 1.15E+00 2.75E+01 2.92E-04

Honeycomb 2.76E+00 5.10E+00 9.84E+01 2.17E-04 1.34E+00 2.19E+00 3.59E+01 4.06E-04 4.86E-01 7.25E-01 2.21E+01 5.80E-04

st?u(éttljre 2.82E+00 2.18E+00 8.60E+01 3.30E-02 1.27E+00 7.07E-01 2.35E+01 2.65E-02 4.83E-01 4.07E-01 2.09E+01 1.77E-03
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Table 2 The difference in strain energy between the implanted periphery of the scaffold and the normal bone

LO?‘K.l One-legged stance Abduction Adduction
condition
strIl)l(():zre Avg. [WJ] Std. [WJ] Max. [WJ] Min. [pJ] Avg. [WJ] Std. [WJ] Max. [WJ] Min. [WJ] Avg. [W] Std. [W] Max. [WJ] Min. [p]]

Circle  4.37E-01 6.57E-01 2.38E+01 1.19E-05 2.14E-01 2.60E-01 7.01E+00 1.01E-05 8.57E-02 1.33E-01 5.55E+00 3.76E-06

Rectangle 1.14E+00 1.76E+00 5.94E+01 7.42E-05 3.64E-01 4.90E-01 1.23E+01 5.52E-07 2.02E-01 3.27E-01 1.28E+01 5.23E-07

Triangle

5.90E-01 9.59E-01 3.84E+01 1.53E-05 2.42E-01 3.68E-01 7.04E+00 1.39E-06 1.08E-01 2.04E-01 9.46E+00 3.19E-06

Honeycomb 5.15E-01 9.92E-01 3.80E+01 9.08E-06 3.04E-01 5.00E-01 1.39E+01 2.81E-06 1.24E-01 2.58E-01 1.38E+01 3.32E-06

Adduction

One-legged Stance

Abduction

Rectangle Triangle

Honeycomb

Fig. 4 Strain energy difference in bone scaffold periphery compared
to normal bone (Grey color refers to the bone scaffolds
implantation site and is excluded in the difference analysis)

Table 3 Apparent elastic modulus of bone scaffolds according to the
porous structures

Axial direction E,; [GPa] Eg; [GPa]
Circle 6.535E+0 6.535E+0
Rectangle 5.166E+0 5.166E+0
Triangle 4.088E+0 4.726E+0
Honeycomb 2.965E+0 5.551E+0
Normal bone 3.835E+0 4.443E+0
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