QQ Bio-Design and Manufacturing (2023) 6:99-102
‘&

2> https://doi.org/10.1007/542242-023-00234-6

EDITORIAL

®

Check for
updates

Physics problems in bio or bioinspired additive manufacturing

Jun Yin"2@® - Jin Qian3 - Yong Huang*

Received: 30 January 2023 / Accepted: 2 February 2023 / Published online: 28 February 2023

© Zhejiang University Press 2023

Additive manufacturing, also known as three-dimensional
(3D) printing, has attracted increasing attention due to the
innovations in materials science and manufacturing over
recent decades [1]. Recently, innovations in biocompatible
materials and biology have enabled the extension of 3D
printing techniques into bioadditive manufacturing, which
focuses on the fabrication of 3D engineered native-like tis-
sues/organs [2]. Currently, bioadditive manufacturing tech-
nologies can be categorized into inkjet-based bioprinting,
microextrusion-based bioprinting, digital light processing
(DLP) bioprinting, electric field-assisted bioprinting, and
fused deposition modeling (FDM), to name a few [3, 4]
(Fig. 1). Artificial tissues and organs with delicate structures,
such as the heart [5] and liver [6], have been successfully fab-
ricated using various bioadditive manufacturing techniques.
Bioadditive manufacturing has also been involved in drug
screening due to its high deposition accuracy [7]. However,
despite continuous improvements in printing techniques and
the broader choice of materials for 3D bioprinting, it remains
challenging for 3D bioprinted constructs to be deemed as sub-
stitutes for native tissues and organs at the present moment
due to their limited printing reliability and functionality [8].
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Amongst the various factors at play in bioadditive manufac-
turing, biomechanics and physics play essential roles during
the printing process and can provide guidance for designing
experiments and predicting printing outcomes [9]. However,
lots of physics underlying printing techniques remains unex-
plored [10, 11].

Understanding the physics problems in bioadditive man-
ufacturing is of great significance and requires a strong
background in physics and mechanics. Numerous interest-
ing phenomena during different bioadditive manufacturing
processes remain to be elucidated: for instance, droplet for-
mation due to hydrodynamic instability and droplet impact
and coalescence while being collected on the substrate during
inkjet 3D bioprinting [12], the stability of the formed struc-
tures containing uncured photocrosslinkable bioink during
DLP 3D bioprinting [13], and the balance among the elec-
tric force, viscous force, and off-axis bending instability to
ensure printing accuracy during electric-based 3D bioprint-
ing [14], to name a few. Although numerous studies have
been proposed, those phenomena are still not well under-
stood. In addition, the deformation of mechanically unstable
constructs due to insufficient crosslinking or lack of the capa-
bility to self-support has consistently restricted the broader
applications of those types of bioadditive manufacturing.

In addition to shape fidelity, cell viability is another
primary concern of 3D bioprinting. It is noted that the
maintenance of cell viability is essential for the function-
ality of bioprinted cellular constructs [15]. Cellular activity
reflects the environment that cells are experiencing during
and after the printing process [16, 17]. Although it has been
reported that the majority of cell deaths come from shear
stress in nozzle-based bioprinting, while the majority of cell
deaths come from radiative stress in light-involved bioprint-
ing [18], there are still no universal criteria for cell damage
during bioadditive manufacturing. In addition, although sev-
eral physical/machine learning models [19, 20] have been
proposed to analyze or predict cell damage during various
printing techniques, a theoretical model revealing the entire
bioprinting process is still missing. Therefore, the injury
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Fig. 1 Schematic diagram of bioadditive manufacturing techniques

of cells throughout the whole bioprinting process remains
unknown.

Overall, for the reasons mentioned above, it is critical to
understand the involving physics and mechanics underpin-
ning various bioprinting techniques and help researchers in
bioadditive manufacturing better understand the whole print-
ing process and optimize the printing system design. There-
fore, exploring the physics of bioadditive manufacturing will
undoubtedly benefit future developments in bioadditive man-
ufacturing and bridge the gap between biological structures
and clinical translation [21].

To emphasize the importance of physics in bioadditive
manufacturing, we have organized a themed issue on the
topic of “Physics problems in bio or bioinspired additive
manufacturing.” First, we prepared this editorial, mainly out-
lining the major physics problems in the design of bioinspired
manufacturing and physical mechanisms during bioadditive
manufacturing processes. In this special issue, we collected
six research articles focusing on the forming mechanisms
and design methods in different bio or bioinspired addi-
tive manufacturing processes. Yang et al. [22] investigated
the impact of laser power and scanning speed during the
laser powder bed fusion (LPBF) process on the development
of surface quality, relative densification, and texture on Zn
implants. By reasonably selecting the laser power and scan-
ning speed, the thermal expansion and contraction caused
by excessive energy storage and accumulation in the matrix
can be avoided. Thus, this study provided a basis for selecting
process parameters to optimize the comprehensive properties
of LPBF-processed Zn parts for biodegradable applications.
Valentin et al. [23] presented an innovative method to print
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titanium-6-aluminum-4 vanadium (Ti64) ink via the direct
ink writing method, followed by heat treatment processes to
form a porous morphology with microsized pores. By opti-
mizing the printing conditions and studying the cure depth,
complex structures such as honeycombs have been printed
benefiting from their self-supporting capability. By introduc-
ing peptide grafting and fibrin in alginate, Qiu et al. [24]
developed alginate-based bioinks for high-resolution elec-
trohydrodynamic (EHD) bioprinting. The printed filament,
as thin as 30 wm, had the capability to guide cellular orien-
tation and provide a suitable environment for cell survival
(>90%) and spreading. Liu et al. [25] presented a composite
hydrogel composed of chitosan/gelatin and egg white, serv-
ing as anovel bioink for extrusion-based printing. In addition,
from the crosslinking mechanism perspective, tripolyphos-
phate (TPP) was found to maximally enhance the physical
and biological properties of the scaffolds fabricated with the
proposed composite hydrogel, showing great potential for
future tissue engineering-related applications. Huo et al. [26]
utilized a dual-temperature controlling system to improve the
printing resolution of traditional one-temperature control-
ling FDM. Both the experimental results and the numerical
analysis focused on the effects of two different temperature
modes on the rheology of melted polymeric ink, which is of
great importance to the FDM printing quality, and demon-
strated that dual-temperature controlling FDM was superior
to one-temperature controlling system on the printing res-
olution. Inspired by kirigami arts, Yue et al. [27] designed
and fabricated two-dimensional (2D) sheets into 3D with
different mechanical properties by optimizing the geometric
parameters in 2D. Formed structures have shown excellent
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shape memory capability and programmability, indicating
their great potential to be used for smart load bearings in
equipment, especially when space is limited.
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