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Abstract The aim of this study is to optimize the robustness and controllability of the 3D printed hydrogel scaffolds
by iteratively reducing the mismatch between the designed and the as-printed. A feedback loop approach based on
optical coherence tomography (OCT) in wivo online quantitative evaluation was performed for twice. The
experimental results show that OCT has quantitatively characterized the morphological parameters, and the
difference correlation analysis based on the characterization of OCT feedback controls the 3D printing process and
enables decrease of the mismatch. The mismatch of the averaged pore size of the hydrogel scaffolds has decreased
from 30% to 2% . It concludes that OCT can further expand its applications in the field of tissue engineering, and
may be a key tool for scaffold design and characterization, 3D bio-printing process control, and so on.
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Fig. 1 Schematic of precisely controlled 3D-printed porous hydrogel scaffolds based on OCT
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Table 1 Geometries of 6 designed scaffold samples (~/ represents usage of the design)

Design po300 po400 po500 po600 po700 po800
d,/pm 300 400 500 600 700 800
di/pm 210 210 210 210 210 210
d;/pm 210 210 210 210 210 210
OCT image analysis (n=5) N/ N/ N/ N N N
Repeatability study (=5, 5 times) N/
Specific design constraint (n=15) N N
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Fig. 3 Macrographs (A), micrographs (B), OCT images (C, D, E) and volume rendering images (F) of the 6 hydrogel
scaffolds with different geometries
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Table 2 3D morphological parameters

Parameter po300 po400 po500 po600 po700 po800
PS /pm 213.24+14.6 300.0£13.6 402.9+22.2 472.5£23.4 566.7+34.2 649.9428.8
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Fig. 4 Mean and variance of PS and StS of 6 different 3D-bioprinted hydrogel scaffolds (n =5, 95% confidence interval)
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Fig. 6 (a) Microscopic image of single-point hydrogel; (b) microscopic image of single-thread hydrogel;

(¢) microscopic image of supporting portion of hydrogel; (d) microscopic image of single-layer bracket
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Fig. 7 Results of average pore size in repeatability experiments
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Fig. 8 Correlation between morphological parameters and designed pore sizes obtained by OCT image analysis.

(a) As-produced pore size; (b) as-produced porosity; (c) as-produced surface area; (d) as-produced structure volume

XZ YZ _ _X Y volren

po700

Fig. 9 OCT images of reprinted scaffold structures

1.21% 250 (b) 35/ (c) 1.61%
£ 1.52% 30¢
> 200/ K51
4 2z
< 720
2 g
% 1501 S 15}
z 10!
5
100
po300 po700 0300 00700 po300 po700
14 ((d) 1.34% 0.7 [(eQd.55%

—
N
o
=)

1.73%  mm designed

m as—produced

Volume /mm?
e
o

o)

Surface area /mm?
—
o
=
NS

po300 po700 i po300 po700
Bl 10 ik ARBUHER BT DSBS B LT . () FLBRRAT s (b) SRS RT
(o) LB (D ALBREH; (o) LR
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