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Microphysiological systems (MPS) are advanced platforms that mimic the functions of human tissues and organs, aiding in
drug development and disease modeling. Traditional MPS fabrication mainly depends on silicon-based microfabrication
techniques, which are complex, time-consuming, and costly. In contrast, 3D printing technologies have emerged as a
promising alternative, allowing for the rapid and precise creation of intricate three-dimensional structures, thereby opening
new avenues for MPS research. This review examines the principles, characteristics, advantages, and limitations of key 3D
printing techniques, including fused deposition modeling (FDM), stereolithography (SLA)/digital light processing (DLP), inkjet
3D printing, extrusion-based bioprinting, and laser-assisted bioprinting. Additionally, we discuss how these technologies are
applied in MPS fabrication and their impact on MPS research, along with future prospects for advancements in the field.
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Fig. 1 Classification of 3D printing technologies applied to MPS
development and research. 3D printing approaches for MPS
can be classified into two main categories: fabrication of
microfluidic platforms and related devices, and construction
of MPS using biomaterials. Device fabrication techniques
include FDM (Fused Deposition Modeling), which builds
structures by extruding thermoplastic materials; SLA/DLP
(Stereolithography/Digital Light Processing), which use
light-based photopolymerization to create high-resolution
structures; and SLS (Selective Laser Sintering), which fuses
powdered materials using a laser. Biomaterials-based
techniques include inkjet bioprinting, extrusion-based
bioprinting, and laser-assisted bioprinting, all of which
enable the deposition of cells and bioinks to form
biologically functional MPS components
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Stir bar Pump box Channel

(a) Impeller pump device (b) Flexible TPU device

Fig. 2 MPS fabrication using FDM-based 3D printing techniques
(a) Photograph of a dual-compartment microphysiological
system (MPS) fabricated with ITX-PEGDA resin, mounted
on a motor-driven impeller pump platform and (b) Image of
the fully assembled 3D-FlexTPU-MFD device alongside a
scanning electron microscopy (SEM) image showing a cross-
sectional view of the printed structure [18,19] (Adapted from
Refs. 18,19 on the basis of OA)
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Fig. 3 Fabrication of microfluidic devices using MSLA 3D printing
(a) Microfluidic device fabrication using a masked
stereolithography (MSLA) 3D printer with a custom-
formulated PEGDA-based resin (PLInk) optimized for high-
resolution printing. The devices can be directly produced,
tested, and characterized without the need for additional
molding steps, and (b) Examples of structural and functional
components compatible with light-based 3D printing
technologies, which can be integrated into various
microfluidic platforms for biological and biomedical
applications [26] (Adapted from Ref. 26 on the basis of OA)
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(a) Integrate microfluidic platform with inkjet-based bioprinting
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(b) Flow system with syringe pump for lung MPS experiment

Fig. 4 Construction of alveolar barrier tissue and microfluidic
systems using inkjet-based bioprinting. (a) Inkjet bioprinting
of human alveolar cells directly onto a commercial tissue
culture insert, which is subsequently mounted into a
PDMS-based biochip for integration with downstream
systems. The PDMS chip is designed to accommodate the
insert and support tissue culture under dynamic conditions,
and (b) Schematic cross-sectional illustration of a lung-on-a-
chip platform incorporating fluidic channels to emulate
physiological microenvironments [37] (Adapted from Ref. 37
with permission)
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Best Worst

Microextrusion bioprlnlcr

Pneumatic Piston  Screw § |
l & <«Valve A
U @

(a) Extrusion bioprinting methods and cartilage implants

Cell-laden
&

(b) H&E Staining image for cartilage implants evaluation

Fig. 5 Fabrication and functional assessment of cartilage implants
using extrusion-based bioprinting. (a) Schematic of a
microextrusion bioprinter utilizing pneumatic or mechanical
(piston- or screw-driven) systems to continuously deposit
bioinks containing cells or acellular materials. Representative
macroscopic images of explants illustrating the best and
worst outcomes for both cell-free and cell-laden cartilage
implants, and (b) Hematoxylin and eosin (H&E) staining of a
cell-laden implant, showing the distribution of reinforcing
microfibers throughout the engineered cartilage phase.
Labels: N = native tissue, I = implant, Fi = melt
electrowritten (MEW) fiber [38,40] (Adapted from Ref. 38
with permission and Ref. 40 on the basis of OA)
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IR beam
Optics

Metaliized glass

Coaxial LED ring
— . fortransmission
video-microscopy

(b) Neural stem cell images

(a) Laser-assisted printing system

Fig. 6 Laser-assisted bioprinting of laminin on PLGA substrates
promotes neural stem cell adhesion and differentiation. (a)
Optical setup of the laser marking system, where the focused
laser beam remains stationary while the substrate is moved in
the x—y plane based on a digital pattern, and (b) Neural stem
cell adhesion and organization on laser-printed laminin spots
(i) Interference contrast image 5 hours after seeding on
PLGA (ii) SEM image showing cell soma on a laminin spot
(iii) Immunofluorescence image after 24 hours in
proliferation medium (Phalloidin: red; DAPI: blue) (iv)
Higher magnification showing localization of cells along
laminin patterns (v) Immunostaining of focal adhesions
(Vinculin: green; Phalloidin: red; DAPI: blue). Scale bar: 50 pm
[48] (Adapted from Ref. 48 with permission)
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Fig. 7 Development of accessory components for MPS research
using 3D printing. Assembly of a microfluidic chip with a
custom 3D-printed holder system (a) Schematic of the
assembled system, (b) Cutaway view highlighting the
reservoir and O-ring interfaces, and (c) Photograph of the
final assembly [55] (Adapted from Ref. 55 on the basis of
OA)
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Table 1 3D Printing technologies for MPS fabrication

Technology Principle Advantage Limitation Application
FDM Thermoplastic filament Material versatility and rapid Low resolution and surface =~ PDMS molding and chip
melting and layering prototyping quality housing fabrication
Layer-by-layer curing of ~ High-resolution fabrication Limited materials and Fabrication of chips with
SLA/DLP . : . . .
photosensitive resin of 3D structures required post-processing microchannels
Inkiet bioprinting Microdroplet .Jettmg High c.ell v1ab111t.y and Inco.mpatllble Wlth. high- Co-culture an.d toxicity
and layering precise patterning viscosity materials modeling
Extrusion bioprintin Continuous extrusion and  Supports high-viscosity, Cell damage from shear 3D tissue & high-strength
P & layering of bioink high-cell-density hydrogels stress fabrication
Ultra-high resolution, Low throughput, high Precise MPS modeling,

Laser-assisted bioprinting Ink transfer via laser pulses

minimal cell damage

operational complexity localized drug analysis
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