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Analysis and Construction of Trabecular Bone Bionic Microstructure
ZHAO Xiaowen' BAI Xueling® ZHANG Peng® ZHANG Dongfeng' MU Lin'

'( Shenzhen Excellent Technology Co., Ltd., Shenzhen 518053, China )
*( Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)

Abstract The biological mechanism of trabecular bone with its complex three-dimensional microstructure
and the interaction between micro-environment and osteoblasts have been studied and applied in the field of
bone repair, reconstruction and bone regeneration. However, previous research lack the simulation of the real
environment of bone trabecula in vivo, especially the lack of accurate quantification of trabecular microstructure
and the research and application of bone regeneration under the condition of interaction with microenvironment.
In this study, a new method is used to analyze and construct the three-dimensional environment of trabecular bone.
Three-dimensional cancellous bone model and geometric features analysis were conducted by using Mimics and

Rhino software based on Micro CT of rabbit proximal femoral cancellous bone scan. Bionic trabecular structure
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was analyzed and constructed by using Stirling formula and 3D printed trabecular bone structure. The comparison

on trabeculae area and structure similarity analysis between cancellous bone samples and bionic cancellous bone

show that bionic cancellous bone has extremely high similarity (more than 95%) with natural cancellous bone

structure. In vitro experiments of bionic bone trabecular can construct a good microenvironment for cell growth.

In sum, the proposed method provides a useful tool for manufacturing a more realistic physiological structure for

clinical research and application for tissue engineering.

Keywords trabecular bone; analysis and construction; 3D microstructure; bionic; 3D printing
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Fig. 1 Micro CT image of cancellous bone of rabbit
proximal femur
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Fig. 4 Cancellous bone sample
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x1 MREEASHENRRE x. y. z 56 0.1 mm f9FEYIEF /) REARITEL
Table1 Comparison of trabeculae area between cancellous bone samples and bionic cancellous bone in x, y, and z directions

under (0.1 mm equidistant cutting

- EREA AR J 1 WA FEAR (RN o FA TR FEA (RN
I (mm?) TR (mm?) [HiA8 (mm?) [ (mm?) T (mm?) TR (mm?)
1 0.476 0.663 1 0.432 0.694 1 0.395 0.484
2 0.484 0.510 2 0.445 0.405 2 0.380 0.493
3 0.468 0.545 3 0.596 0.504 3 0.439 0.524
4 0.490 0.486 4 0.493 0.487 4 0.496 0.465
5 0.574 0.520 5 0.475 0.446 5 0.560 0.494
6 0.489 0.497 6 0.585 0.547 6 0.561 0.515
7 0.575 0.375 7 0.505 0.452 7 0.548 0.439
8 0.508 0.475 8 0.485 0.544 8 0.555 0.525
9 0.473 0.519 9 0.595 0.512 9 0.486 0.418
10 0.467 0.570 10 0.456 0.554 10 0.551 0.687
Sl 0.500 0.516 $iME 0.507 0.515 LN 0.497 0.504

#2 MEEHASHENRRE x. y. z FEMENAFETEIS MR ERAXE
Table 2 Comparison of trabeculae area between cancellous bone samples and bionic cancellous bone in x, y, and z directions

under unequidistant cutting

) FA SR FEA IR NiREs ) FAJREREA P A RA B B X FAEREA i HERA B
x 71 y Jif zJim
A (mm?) A (mm?) TR (mm?) TR (mm?) R (mm?) IR (mm?)
1 0.540 0.591 1 0.440 0.444 1 0.382 0.430
2 0.490 0.603 2 0.539 0.498 2 0.425 0.540
3 0.471 0.549 3 0.512 0.466 3 0.497 0.516
4 0.498 0.543 4 0.505 0.453 4 0.534 0.464
5 0.519 0.490 5 0.485 0.448 5 0.581 0.503
6 0.508 0.524 6 0.492 0.497 6 0.575 0.454
7 0.503 0.565 7 0.527 0.497 7 0.525 0.434
8 0.504 0.406 8 0.406 0.652 8 0.515 0.522
9 0.505 0.541 9 0.422 0.686 9 0.504 0.418
10 0.515 0.622 10 0.432 0.695 10 0.537 0.631
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Table 3 Comparison of Euclidean distance similarity between cancellous bone samples and bionic cancellous bone in
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Fig. 8 Bionic cancellous bone
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Fig. 9 Cell distribution of MC3T3-E1 osteoblasts in bionic trabecular structure
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Fig. 11 Accumulation of nitric oxide synthase positive cells

in bionic trabecular structure and high expression of bone

remodeling protein RANKL
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Fig. 12 10 mm slice of trabecular structure with electron

microscopy
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Fig. 13 3D trabecular microstructure model
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