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Figure 1 Images of the ultralight metallic microlattices and the
detailed microstructures [4] (color online).
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Figure 2 Scheme of the self-propagating polymerization and images
of the fabricated polymer microstructure [1] (color online).
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Figure 3 Scheme of the projection micro-stereolithography and
images of the fabricated polymer microstructure [10] (color online).
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Figure 4 Images of the polymer microstructure fabricated by two-
photon polymerization [18] (color online).
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Table 1 Summary of the photopolymerization methods
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Table 2 Summary of the atomic layer deposition methods
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Figure S Scheme of photoreduction of metal ions in a polymeric
matrix and an example of the fabricated microarches [14] (color online).
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Figure 6 Images of the silicon oxycarbide microlattice fabricated by
the pyrolysis of 3D-printed polymeric microlattices [35] (color online).
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Figure 7 (a) Images of the 3D-printed cellular tips for atomic force
microscopy; (b—d) Scanning electron microscopy (SEM) images of the
microlattice structures. (e) Height profiles of Shewanella oneidensis
MR-1 bacterial cells after repetitive scans [45] (color online).
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Figure 8 (a) Images of Folsomia candida in n-dodecane [46]; (b)
SEM images of the micro doubly re-entrant arrays; (c) Scheme of the
doubly re-entrant array with high contact angle; (d) Scheme of the
doubly re-entrant array with liquid adhesion; (e) Digital images
demonstrate the anti-adhesion behavior of silicone oil on the
corresponding array; (f) Digital images demonstrate the adhesion of
silicone oil on the corresponding array [47] (color online).
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Figure 9 Images of the unit cells within different geometric
parameters and the corresponding twist under the axial strain [51]
(color online).
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Figure 10 Scheme of the controlled microstructural architectures for
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Fabrication of controlled microstructural architectures and applica-
tion in biomedical engineering

Haibo Ding, Keliang Liu, Mengxiao Wei, Yijun Guo, Hongcheng Gu, Zhongze Gu'

State Key Laboratory of Bioelectronics, School of Biological Science and Medical Engineering, Southeast University, Nanjing 210096, China
*Corresponding author (email: gu@seu.edu.cn)

Abstract: The artificially designed microstructures and nanostructures with controlled properties could be defined as
controlled microstructural architectures (CMAs). The properties of the CMAs arise from the feature size, the
geometrical configuration, and the patterns of the specially designed structures rather than the physical or chemical
properties of the base materials. The key issue of the CMAs is to realize the architectures with growing structural
complexity and multilevel hierarchy. In this review, we focus on the recent progress of the fabrication methods for
CMAs. The multi-scale additive manufacturing techniques for polymers and metal coating were highlighted to increase
the whole performance. Besides, the biomedical applications of the CMAs were summarized in low-density materials,
droplet manipulation, and microrobots. This review also covers some remaining challenges for CMAs, along with future
outlooks.

Keywords: controlled microstructural architectures, multi-scale, additive manufacturing, biomedical engineering
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