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Analysis on mechanical properties and internal flow field
distributions of bone scaffold by digital modeling

LIN Liu-lan'*, ZHANG Ling-feng' (1. Rapid Manufacturing Engineering Center, Shanghai University,
Shanghai 200444, China; 2. Shanghai Key Laboratory of Intelligent Manufacturing and Robotics, Shanghai
200072, China)

Abstract: Objective To study mechanical properties of the bone scaffold with different structure and its internal
flow field distributions, so as to provide a direct comparison and judgment on model structure and offer an effec-
tive guidance for bone scaffold structure design. Methods Bone scaffold with natural, woven and spherical pore
structure were reconstructed respectively by using Pro/Engineer and Mimics. The effective elastic modulus for
three kinds of scaffolds, as well as their stress distributions and internal flow field distributions under three-dimen-
sional perfusion culture system were analyzed with the finite element method. Results The bone scaffold with
natural structure showed smaller effective elastic modulus, smaller peak stress and more uniform stress distribu-
tions under the same pressure. With the same initial velocity and fluid viscosity, the bone scaffold with natural
structure showed smaller internal velocity, wall shear stress and wall pressure. Conclusions The bone scaffold
with natural structure has better biomechanical properties, which corresponds to the design criteria of bone scaf-
fold in bone tissue engineering.

Key words: Effective elastic modulus; Stress distribution; Flow field analysis; Bone tissue engineering;
Micro-CT; Finite element analysis
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Fig.2 Model of bone scaffold with woven structure
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Tab.2 Distributions of peak stress in three kinds of bone scaffolds

Von Mises Jij /7 W&{E/MPa
B
X Y Z
1 kL) 1.407 1.176 1.746
RN 21.930 6.415 3.923
BRIEFL 2.206 0.363 2.276
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(a) Bone scaffold with naural structure, (b) Bone scaffold with woven structure ,
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Tab.3 Maximum velocity and mean velocity of fluid in three kinds

of bone scaffolds

v/ n/ v/(pm + s7h

(pmes~")(mPa-s) WS, NS

mae SMS, WS, NS, SMS,,

1 1.003 1.978 1.852 1.958 0.5924 0.4556 0.689 3
1.5 1.960 1.849 1.946 0.588 0 0.454 6 0.583 8

2.1 1.940 1.847 1.937 0.5817 0.4510 0.5812

500 1.003 1976 1434 1729 692.5 430.1 518.8
1.5 1734 1427 1723 697.7 428.1 517.0
2.1 1535 1393 1716 663.4 417.8 514.8
1000 1.003 4642 2784 3471 2027 835.1 1042
1.5 4151 2743 3466 1776 822.9 1 040
2.1 3829 2699 3456 1812 809.7 1037
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Tab.4 The maximum and average wall shear stress and wall pressure for three kinds of bone scaffolds

v/ w WSS/mPa p/mPa
(pm-s™')  (mPa-s) WS, NS, ~SMS, ~Ws, NS, SMS, WS, NS, SMS, WS, NS, SMS,
86.21 x 5.052x 98.21 x 37.15x 1.010 x 40.23 x 2.495 x 131.5x 46.13 x  44.83 x
1 1.003 10.93 4.311
1073 103 1073 1073 1073 1073 1073 1073 1073 1073
86.41 x 7.540 x 98.46 x 37.42x 1.508 x 41.52 x 4.443 x 777.1 % 1.135x  353.2 %
1.500 16.40 7.483
1073 1073 1073 1073 1073 1073 1073 1073 1073 1073
86.50 x 1.056 x 168.0x 37.23 x 2.111 x 68.22 x 4.751 x 1.861 x 517.2 %
2.100 23.15 1.086 10.13
1073 1072 1073 1073 103 1073 1073 1073 103
500 1.003 25.17 3.063 124.1 7.453 0.613 40.27 1731 31.33 38.33 773.6 9.279  11.00
1.500 35.24  4.222 185.5 10.70 0.845 61.18 2370 58.70 52.11 915.5 25.45  23.66
2.100 45.62 5.785 258.9 13.55 1.158 80.39 2963 98.60 88.82 1355 38.66  37.02
1 000 1.003 43.38 8.323 251.2 14.56 1.665 88.30 4276 68.70 87.39 2175 26.00  24.27
1.500 62.54 10.51 377.1 18.28 2.103 133.6 5810 142.1 118.7 2831 52.30 53.92
2.100 87.82 12.57 525.8 26.83 2.516 182.4 7550 769.4 759.9 3746 174.4  143.2
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Fig.6 Stress distribution contour of the internal wall for 3 kinds of bone scaffolds

with woven structure, (c¢) Bone scaffold with spherical pore

(a) Bone scaffold with naural structure, (b) Bone scaffold
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