
1

RESEARCH ARTICLE

Volume 11 Issue 3 (2025)

International  
Journal of Bioprinting

doi: 10.36922/ijb.8123

Microstructure control during cryogenic 3D printing to obtain 
biomimetic porous and tough cross-scale mineralized  
collagen bone scaffold

Supplementary File

Table S1. Comparison of compression modulus and porosity of different scaffolds

Compression modulus (kPa) Porosity (%) Fabrication method Reference

60 65 Extrusion 3D printing 1

100 65 Extrusion 3D printing + UV 2

5 73 Extrusion 3D printing + UV 3

400 40 Extrusion 3D printing + 
freeze-drying

4

300 90 Cryogenic 3D printing 5

40 89 Cryogenic 3D printing 6

254 85 Extrusion 3D printing 7

130 77 Freeze-casting 8

177 75 Freeze-casting 9

230 70 Freeze-casting 10

50 94 Freeze-casting 11

Abbreviation: UV, ultraviolet light irradiation.
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Figure S1. Scaffold stretching model. The top and bottom surfaces of the scaffold were adhered to the ends of the stretching mound. The stretching process 
was initiated at a rate of 0.5 mm/min and continued until the material failed.

Figure S2. Comparison of crater maps using super depth of field camera: (a) original state; (b) after the falling-ball experiment. 
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Figure S3. Falling-ball impact experimental process. The drop heights of Figures a and b are 0.3 m. a2 and b2 capture the maximum height of the ball 
rebound before and after mineralization, a2 before mineralization, and b2 after mineralization. The drop height of Figure c is 0.7 m, which is the maximum 
height at which the unmineralized stent can absorb the impact energy, and the drop height of Figure d is 0.5 m, which is the maximum height at which the 
mineralized stent can absorb the impact energy. c2, d2 captures the morphology of the stent after energy absorption. a1–d1 capture the moment when the 
ball just touches the stent in the different conditions. The position of the red light in the picture is the position of the ball’s landing point, as determined 
by the machine used for the impact experiment.
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Supplementary videos
Video S1. The falling ball experiment of cryogenic-printed 
scaffold before mineralization.

Video S2. The falling ball experiment of cryogenic-
printed scaffold after mineralization.
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