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Objective

Evaluated

parameter(s)

Main conclusion

Research
direction

Tanetal, | Evaluate the efficacy of 3D printing for the  Conducting dialectical summaries 3D printed scaffolds is an effective approach to 3D model
2022 treatment of severe skin wounds ‘managing cutaneous wound healing
Phang et al, | Study of different in vitro 3D skin modelsand 3D Feasibility and applicability of 3D | Bio-3D printing and skin microarray models as 3D model
2021 angiogenesis models model diabetic wound models has good research
prospects
Vuetal, | Scaffold-based and scaffold-free 3D cell culture ~ Construct Biological Scaffoldsand | Scaffold-free system suit for analysing ECM 3D model
2021 systems that mimic in vitro environments analysis of ECM protein protein regulation
regulation
Smith et al,, Surveyor present a 3D HSE model Cellular analysis and assessment | 3D HSE model is used to study macrophage- 3D model
2021 related inflammation in diabetes and as a drug
testing tool to evaluate new treatments for the
disease
Singh etal, | In situ bioprinting versus conventional printing  The need and utility for in situ  In situ bioprinting may be favored when tissues 3D model
2020 bioprinting are to be fabricated or repaired directly on the
intended anatomical location in the living body
Smith et al,, Importance of human-derived ECM for controlled trial ‘This humanized skin-like tissue decreases 3D model
2020 constructing 3D skin models dependency on animal-derived
ECM while increasing cellular complexity can
enable screening inflammatory responses in
tissue models of human skin
Linetal, | To investigate the expression of miR-217 and  Animal experiments, genetic Inhibiting miR-217 could upregulate HIF-1a/ 3D model
2019 HIF-1a/VEGF pathway in patients with diabetic  testing and pathway analysis | VEGE pathway to promote angiogenesis and
foot ulcer and its effect on angiogenesis in DFUs ameliorate inflammation of DFU rats, thereby
rats effectively advancing the healing of ulcerated
area
Admane | Application of 3D cell culture system to diabetic | Feasibility and applicability of 3D 3D models offer a advantage in obtaining 3D model
et al, 2019 diseases system physiologically relevant information
Sunetal, | A case evaluates the safety and effectiveness of controlled trial 3D-printed scaffold was convenient to use, have 3D model
2018 3D-printed scaffold in chronic wounds the potential to improve wound healing rates
and provided a safe and effective way for treating
chronic wounds
Intini et al, | The fabrication of porous 3D printed chitosan | Cellular experiments with co- 3D printed scaffolds improve the quality of the 3D model
2018 scaffolds for skin tissue regeneration and their staining and other assays restored tissue with respect to both commercial

behavior in terms of biocompatibility and
toxicity toward human fibroblasts and
keratinocytes

*3D; Three-dimensional.
"ECM: extracellular matrix.
“HSE: human skin equivalent.
IDHE Aabetts fost sl

patch and spontancous healing
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Scaffold structure

Bioink ingredients

Printing
methods

Outcome evaluations

References

Circumferential and radial
filament

Rectilinear infilling pattern
with pores

Biomimetic P-PEUU

Polydimethylsiloxane (PDMS)/flex-
polylactic acid (PLA)/
polycaprolactone (PCL)/fibrin-
collagen composite hydrogel

Polylactic acid (PLA)/chitosan (CS)
or sodium alginate (SA)/sodium
hydroxide solution/calcium chloride
solution

Poly (ethylene glycol) (PEG)/poly

Digital optoelectronic In vitro

holography
71 (DOEH)

Extrusion printing In vitro

Hot direct ink writing Chinchillas

The motion at lower frequencies
approximates that of the human
tympanic membrane, and the
motion at higher frequencies is
superior to that of the
temporalis fascia. The greater
the number of fibres in the
scaffold, the higher its
mechanical load-bearing
capacity, with no decrease in
elasticity

‘The scaffolds show an increased
swelling ratio and good

tibility, improving the
ity and the
mesenchymal stem showed an
excellent attachment to it.

‘The native tissue grows on both

Black (2020)

Tihan etal. (2021)

Black (2020)

50Circumferential/50Radial (ester urethane urea) (PEUU) (HOT-DIW) the medial and lateral sides of
filaments graft with a diameter the graft, with arranged collagen
of 8 mm fibres being deposited
indicates that native cells can
remodel the biodegradable
‘material into native tissue, the
patch exhibits the
the highest rate of successful
tympanoplasty than fascia and
Biodesign® grafts
Porous scaffold Norbornene-modified gelatin Digital light Invitro and in | The E-PCL prints had thelowest  Nobus et al.
(GeINBNB) or Gelatin methacryloyl processing (DLP) vivo (female | swelling degree and the highest (2024)
(GelMA) or alkene-functionalised adult rabbits) | storage modulus, whereas the
PCL (E-PCL) and ex vivo | norbornene-modified gelatin
(GeINBNB) was of the opposite
trend. All three scaffolds were
biocompatible until day 28.
E-PCL scaffolds induced the
most efficient healing out of the
three scaffolds. More in vivo and
ex vivo tests were needed
Funnel-shaped membrane with | Polycaprolactone (PCL)/collagen Fused deposition In vitro ‘The acoustic properties of the ~ von Witzleben
grid or radial/circular filaments type I modelling (FDM), gel conical scaffolds were close to etal. (2023)
plotting, and melt elec native TM, which induced faster
Trowriting and cell coverage
sacrificial structure
A nanoparticle-coated 3D- Photocrosslinkable gelatin Digital light Invitro The patch exhibits good Bedir et al. (2024)
printed hydrogel patches methacryloyl (GelMA) processing (DLP) antibacterial performance
containing conical IKkeratin methacryloyl (KerMA)/ against . aeruginosa, S. aureus,
microneedles with a coaxial PVA nanoparticles and E. coli. Regarding its impact
coat Igentamicin (GEN) on cell viability, it demonstrates
[fibroblast growth factor (FGE-2) good biocompatibility,
promoting cell attachment and
proliferation
A support structure and the Bisphenol-A ethoxylate Digital light processing In vitro The acoustic response Domingo-Roca
sensor methacrylate (BEMA)/BaTiO3 stereolithography phenomena between the 3D- etal. (2018)
500 nm nanoparticles (NPs) (DLP-SLA) printed sensor and the locust
tympanic membrane are similar
for each frequency
Epithelium and stroma Human embryonic stem cell- Laser-assisted In vitro The biomimetic structure Sorkio et al.
‘mimicking structures derived limbal epithelial Stem cells | Bioprinting (LaBP) demonstrated robust cell (2018)
(RESC-LESC)/human adipose survival and differentiation
tissue-derived stem cells (hASCs) within the porcine corneal organ
Jrecombinant human laminin/
human sourced collagen 1
Tympanic repairing scaffolds  Polycaprolactone/collagen/alginate- ~ Extrusion bioprinting | Sprague-Dawley | The experimental group’s Jang et al. (2017)
mesenchymal stem cell (PCAMSC) Rat (SD-Rat) | closure rate of perforation
exceeded that of the control
group, and superior recovery of
ABR thresholds and regenerated
tympanic membrane thickness
was observed across all
frequencies in the experimental
group compared to the control
group
Customised 3D-printed Gelatin sponge particles Inkjet printing Human The template markedly reduced ~ Yang et al. (2021)
guiding template the operation time, enhanced
the closure rate, and decreased
the postoperative air-bone
gap (ABG)
Butterfly-structured tympanic GelMA/2-hydroxy-1-(4- 3D Bioprinting female ‘The butterfly structure Kuo et al. (2018)
repairing grafts (hydroxyethoxy)phenyl)-2-methyl- chinchillas | eliminates the need for surgical
I-propanone (Irgacure 2959; (Chinchilla | glues or sutures, enhances
BASF)/Fibronectin (FN)/epidermal lanigera) mechanical stability, and
growth factor (EGF)/Murine accelerates wound healing,
fibroblast cell line NIH/3T3 improving the healing of
tympanic membrane
perforations
mesh-structure scaffolds Human-derived umbilical cord Extrusion printing | Sprague-Dawley | It accelerated cell proliferation Jang et al. (2022)
Serum (hUCS)/Collagen/Basic Rat (SD-Rat) | and induced keratinocyte

fibroblast growth factor (bEGE)/
Human adipose stem cells (hASCs)

proliferation, promoting TMP
regeneration
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Smart mate

‘Thermo-responsive
smart materials

Photoresponsive smart
‘materials

Moisture-responsive
smart materials

Electro-responsive
smart materials

Magneto-responsive
materials

pH-responsive
‘materials

Piezoelectric materials

Descripti

These involve the shape-memory effectwhich
means the object regains its original shape after
deformation and the shape-change effect. These
materials are responsive to heat or temperature

Light works as an indirect stimulus and when it
is converted to heat it shows a response to light

‘These materials cither release or absorb moisture
with the change in relative humidity and cause
deformation in the structure. Example-
Hydrogels (it has high printability, and
biocompatibility and are used as moisture-
induced shape memory materials

Materials are responsive to electrical energy.
Current is an indirect stimulus to show electro-
responsive nature

Materials responsive to magnetic energy are
polymeric networks; functionalized chemically
or physically with the magnetic nanoparticles
including ferromagnetic and paramagnetic
particles like iron, cobalt, nickel or their oxides.
The first time the motion generation of
austenite-martensite interfaces due to magnetic
effect was reported where Fe (33.5)-Ni alloy was
applied as an actuator and was justified by
energy

Due to the unique properties of these types of
smart materials to work at different pHs of the
organs in the body can be used as triggers in the
drug delivery system

‘These are other special properties of smart
substances; such substances are sensitive to
mechanical stress

Applications

References

Used widely in the medical field for the release of | Sponchioni et al. (2019)

drugs and biomedical engineering

Self-folding polymer sheets, self-assembled
nanoparticles

Different varicties of hydrogels like natural and
synthetic polymeric hydrogels and peptide
hydrogels are applied in the 4DP

For medical purposes, electro-simulative gels
can be used, such as artificial muscle, sensors,
actuators, and lenses, and as biomedical and soft
materials

Used in printed hydrogels micro-gripper. It also
acts as a remote control for the magnetic
material by applying a magnetic field

Huge potential in material and polymer printing
is also used to manipulate printed structures in a
rapid manner

‘These types of smart materials have many
biomedical applications in drug delivery,
actuators and soft robots, valves, biocatalysts and
stabilization of colloids

Piezoelectric smart materials can be deformed
under the influence of a mechanical force,
therefore can also be utilized for the 4DP.

Behl and Lendlein (2007), Habault et al.
(2013), Liu et al. (2023b)

Osada and Matsuda (1995), Kopecek and
Yang (2012), Shiblee et al. (2018), Erol et al.
(2019)

Ali et al. (2019)

Ullakko (1996), Nichterwitz et al. (2021)

Jeong and Gutowska (2002), Soppimath et al.
(2002), Schmaljohann (2006), Dai et al. (2008),
Ali et al. (2019), Modi et al. (2023a)

Nadgorny et al. (2016), Grinberg et al. (2019)
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Material transferred

Applications

References

Gemgitabine Drug delivery and testing (Kanaki et al., 2022)
Cisplatin Drug delivery and testing (Kanaki et al., 2023)
DNAs DNA microarrays (Serra et al., 2004)

ssDNA oligomers

Peptides

Fibroblasts and keratinocytes
Human dermal fibroblasts

Human umbilical vein endothelial cells

Capacitive microarray
Microarrays for infectious disease screening
Skin regeneration

Skin repair

Microvascular networks

(Tsekenis et al,, 2012)

(Paris et al,, 2022)

(Michal et al,, 2013)

(Douillet et al, 2022)

(Pirlo et al., 2012)

Endothelial cells
Human stem cells

Human stem cells and endothelial cells

Capillary vessels
3D corneal mimicking tissues

Cardiac regeneration

(Koch et al,, 2021)
(Sorkio et al, 2018)

(Gacbel et al., 2011)

Mesenchymal stem cells
Human osteoprogenitors
Mesenchymal stem cells

Dorsal root ganglion neurons

Cardiomyocyte construct
Bone tissue biofabrication
Bone regeneration

Neuronal proliferation

(Ma et al., 2013)
Catros et al. (2011b)
(Keriquel et al, 2017)

(Curley et al., 2016)
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Ink preparation

Crosslinking

procedure

Structure
printed

Used cells Bioprinter

PCL

Pluronic PCL and
HAMA

PCL

Pluronic sacrificial ink
with PCL

uv

uv

uv

Mesh

Cartilage and
Mesh

Mesh Cartilage
Structure

Micro channels

Sheep REGENHU 3D

Chondrocytes

MSCs 3D Bioplotter

AuCPCs Multinozzle
bioprinter

Chondrocytes and | Inkjet

BMSCs

ECM secretion and cell proliferation
improved

Cellular behavior of MSCs not
affected

Ear structure showed excellent shape
fdelity, cell viability, and cartilage
‘matrix deposition

Excellent ear (human) construct and
Development of cell spheroidals

Ruiz-Cantu
et al. (2020)

Chung et al.
(2020)

Otto et al.
(2021)

Daly and Kelly
(2019)
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Ink preparation

Crosslinking Structure

procedure printed

Used cells

Bioprinter

GGMA (gellan gum
methacrylate)

(PEGAS) and (OMA)
‘methacrylated alginate

Type I collagen, alginate,
and SEMA

OligoPolyethelene Glycol
(OPF) and PEGDA

Placenta dermis of mouse
and alginate

PVA-MA (Polyvinyl
alcohol methacrylate)
Hydroxyethyl acrylate
(HEA) and hyaluronic
acid (HA)

Alginate

PEGDA

Hydroxyl apatite and
HAMA

HAp, Alginate, Fibrin,
Collagen, and Metrigel

SEMA And S grafted

Parathyroid hormone

HA, glycerol, HA, and
fibrin

SEMA

SF

uv Disk Mesh
uv Bar structure
Low temp Spherical
4Cand UV

Lowtemp4'Cand UV | Square Mesh

CaCl Circular mesh
uv Matt woven lattice
Potassium Square mesh
peroxodisulfate

CaCl Rod-model having

a lattice structure

uv ‘microarray

uv Square network

CaCl, and thrombin | --

uv Circular mesh

Low temp 4°Cand | Cube
thrombin
v Square network

Mushroom tyrosinase | Holes and mesh-
like grids

BMSCs and Human
Umbilical Vein
Endothelial Cells
(HUVECs)

Hela, NIH3T3 and
hMSC

BMSCs

MC3T3-E1

MSC from mice

ECFCs and MSCs

MC3T3

hMSCs

PDLSCs.

hASCs

Mononuclear cells

(MNCs)

BMSCs and ACs

ASC and MSCs

BMSCs and HUVECs

TVA-BMSCs.

3D printer
pneumatic
extrusion-based

3D printer
(Printrbot)

3D bioprinter
PAMAII

BioX 3D bioprinter

3D Bioprinter
(Regenovo)

DLP Perfactory” 3
Mini
3D bioprinting

system

Extrusion-based 3D
multi-nozzle
bioprinter

Pressure extrusion
bioprinter

top robot TR300

DoD dispenser
piezo-driven

3D bio-printer
(Regenovo)

syringe pump
piston-driven

3D bioprinter
PAM-II

Robotic stage

In vitro
Improved cell viability
Angiogenesis and osteogenic
potential. Rat model cranial bone
defect site improved
mineralization and angiogenesis

Improved cell viability and
mechanical properties

Improved cell viability,
degradation rate, and compression
properties

Excellent cell viability,
proliferation, and better
printability

Improved sweat gland cells
proliferation, migration, and
differentiation

Improved osteogenic and
chondrogenic differentiation

Excellent rheological propertis,
printability, biocompatibility, and
cell viability

Soft scaffolds showed excellent
mineralizations, cell viability,
improved osteogenic
differentiation

Improved cell differentiation and
proliferation, cell viability

Improved remodelling and
production of the bone matrix and
improved cell viability

No negative effect was seen on the
biocompatibility and cell viability
of MNCs

Improved mechanical properties
and cell viability

Outstanding mechanical
properties, cell viability,
biocompatibility, and osteogenic
differentiation

Rat bone cranial defect showed
osteogenic potential and
angiogenesis

Improved osteogenic gene
expression and mechanical
properties

Lietal
(2022a)

Ding et al.
(2022)

Chai et al.
(2021)

Liu et al.
(2021)

Cheng

etal.
(2019b)

Lim et al.
(2018)

Noh et al.
(2019)

Zhang
etal.
(2020)

Ma et al.
(2017)

Wenz
etal.
(2017)

Benning
etal.
(2017)

Dengetal.
(2021)

‘Wehrle
etal.
(2019)

Yang et al.
(2022)

Chawla
etal.
(2018)
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Ink preparation

Crosslinking

procedure

Structure
printed

Used cells

Bioprinter

Bioactive glass(BaG) and
Alginate, cellulose
nanofibrils(CNF)

Lanponite

CaCl, SF

Strontium

CaCl2

uv

mushroom
tyrosinase

uv

Square mesh

Mesh

Square mesh

Square mesh

hBMSCs

hBMSCs human

hBMSCs

3D-Bioblotter”

BioScaffolder

3D Discovery
bioprinter

BioScaffolder

Reduced cell proliferation
and viability; moreover, ALP
activity improvement

Improved osteogenic
differentiation, porosity, and
cell viability

Improved osteogenic
potential, upregulating gene
expression of BMP4,

BMP2 and f-catenin. And
Enhancing mineralization

Improved cell viability and
osteogenic-specific cell
signal-Ling and improved

printability

Ojansivu et al. (2019)

Cidonio et al. (2019)

Sharma et al. (2019)

Aleala-Orozco et al.
(2020)

Calcium silicate with
strontium

Bone particles (BP)

Mesoporous silica
nanoparticles, along with
dexamethasone and

calcium phosphate

Iee cooling, UV

Square mesh

Square mesh

Disk

WIMSC

Primary cells
of BP

hBM-MSCs

BioX extrusion-

based 3D printer

3D-Bioplotter

3D bioprinter +
Inkredible

Improved printability,
tensile strength, and
degradation. In vitro
improvement of cell
proliferation and
differentiation as well as
‘mineralization

Improved osteogenic
differentiation capacity,
printability, and cell viability

Improved the pro-
osteaconductive properties

Yu et al. (2020a)

Ratheesh et al. (2020)

Tavares et al. (2021)

Silanated silica

HAp

Nano-attapulgite

a-tricalcium phosphate

Magnetic nanoparticles
with Hap coated

Laponite nanosilicate with
alginate

UV and cooling at
5C-7C

uv

uv

CaCl

Square mesh

Cuboid crosshatch
infill

Disk mesh

Helical Harversian
canal and Human
osseous labyrinth

Disk mesh

Square mesh

hBMSCs

MC3T3-E1

BMSCs and
HUVECs of
mouse

ADSCs

hOBs and PDLFs
of human

BMSCs of rat

3D bioprinter

BIO-X 3D
Bioprinter

3D bioprinter

3D Printer bio-
reactor

Pneumatic
extrusion
bioprinter

Particle Cloud
Bioprinter

Improved Young's modulus
and tensile strength. Also,
cell proliferation and
differentiation are improved

Reduction of hydrogel
swelling, improvement of
enzymic degradation
resistance, and osteogenic
gene expression

Improved mechanical
properties and printability.
Improved angiogenic
activity and cell viability

Improvement of cell
proliferation and migration,
printability

No toxic effect is seen, and
cell migration improved

No cytotoxicity is seen, and
there is improved bone
healing capability,
printability, and mechanical
properties

Choi et al. (2021)

Allen et al. (2022)

Liu et al. (2023b)

Jalandhra et al. (2022)

Vurat et al. (2022)

Liu et al. (2020)

Laponite, Alginate

Acetylated GM,
HAp. And GM

UV, CaCl,

uv

Disk mesh

Square mesh

BMSCs and
PC12 Cells

ASCs and
HDMECs

Three-axis
bioprinting
system

tabletop robot
TR300

Improvement of bone SNS
activation inhibited
atecholamine release from
SNS and promoted bone
regeneration

Improve mechanical
properties, printability, and
upregulation of bone
proteins FN, OPN, and Col I

Lietal. (2022b)

Leucht et al. (2020)

Nano-HAp and alginate

Alginate and nanocellulose

Mesoporous silica
nanoparticles and PEG

CaCl,

CaCl,

Temp at 11'C-22'C
and UV

Square mesh

scaphoid

Square mesh

hPDLSCs

MSCs

RAW264.7 and
BMSCs

3D Bioplotter

Allevi 2 3D
bioprinter

3D-Bioplotter

Improvement of the
theological properties,
compressive property, and
porosity and improvement
of the osteogenic
differentiation

Improvement of the shape
fidelity, mechanical,
physicochemical properties,
and osteogenic
differentiation improved

Improved printability,
fidelity, and
biocompatibility. Inhibition
of inflammatory reactions
due to BMP-4 release from
M2-type macrophage

Tian et al. (2021)

Gonzalez-Fernandez
etal. (2021)

Sun et al. (2021b)

Graphene oxide and
alginate

Hap and alginate

Nanofibrillated cellulose,
XG, B-TCP, and HAMA

CaCl,

CaCl, and UV

uv

lattice-rod

Square mesh

Square mesh

hMSCs

MC3T3 and
HUVEC

hMSCs human

Microextrusion
bioprinter

ovoGenMMX
bioprinter

BioX bioprinter

Improved scaffold fidelity,
biocompatibility, and
upregulation of osteogenic-
gene (PHEX, BGLAP, ALPL)
expression

Improved mechanical,
printability, and cell showed
enhanced osteogenic and
angiogenic activities

Improve viability, gel
stability, mineralization
capability, and upregulation
of osteogenic markers OCN

and RUNX2

Zhang et al. (2021)

Shahabipour et al.
(2022)

Bedell et al. (2022)

Oxidized alginate and
amine-functionalized
copper (Cu)-doped
mesoporous bioactive glass
nanoparticles

Calcium silicate, along with
mesoporous strontium

CaCl,

uv

Square mesh

Square mesh

HUVECs and
BMSCs

WIMSC

3D printer

Extrusion-based

3D printer BioX

Improve printability,
osteogenic differentiation
cell spreading, and
proliferation

Improvement of mechanical
properties. The WIMSC
osteogenic differentiation,
cell differentiation, and
proliferation improvement

Zhu et al. (2022)

Yu et al. (2020b)
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Ink preparation Crosslinking Structure Bioprinter
procedure printed

PCL, having doxycycline uv Square network | BMSCs 3D Bioplottor Scaffolds produced good cell Wang et al.

(DOX) and mesoporous viability and Antibacterial (2021b)

bioactive glass (MBG) + Properties

HAMA

PLGA + Alginate Fibrogen uv Disk having a cci2 SLA 5600 Better mechanical cell viability | Firouzian et al.

porous structure (14 days). Excellent (2020)

immunostaining analysis data for
neural cells in vitro

Strontium, Magnesium, uv Circular and hMSCs BioScaffolder Better mechanical, Alcala-Orozco

and PCL Square network biodegradability, bio functionality, | et al. (2022)
and cell viability

PCl, fibrin, nano-Hap (nHA),  CaCl, and UV Cylinder havinga ~ hBMSCs ~ Multi-head Improves vascularisation in virto | Nulty et al.

and Alginate porous structure and extrusion (2021)

HUVECs | bioprinting

mPEG-(CL32/LAS8/GA10), UV Circular (Round)  MSCs 3D bioprinter Better printability, cell viability, | Kim etal. (2021)

(PCL-ran-PLLA-ran-PGA) signal stability, and tissue

(PCLG) formation

(PCLG-copolymer)

PCL uv Square Network | ST2 - Enhanced osteogenic Liu et al. (2022)

differentiation, Proliferation,
enhanced angiogenesis and
osteogenesis
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* Poisson ratio

instantancous modulus at 1 mm/s loading rate
‘ Young’s modulus

‘ Equilibrium modulus

Properties valu

0401

52.14 + 9.47 MPa

1.03 £ 0.48 MPa

7.48 + 442 MPa

‘ Compressive modulus
Dynamic modulus at 1 He

Loss factor

10.60 + 3.62 MPa

7.71 £ 4.62 MPa

0.11 £ 0.02
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Ink preparation Crosslinking Structure Used cells Bioprinter
procedure printed
PRP uv Disk of cylinder | ATDCS 3D bioprinter Better mechanical properties  Irmak and
shape extruder-based | and better release of growth | Giimisderelioglu
factor (2020)
SE Mushroom tyrosinase | Square holes TVA-BMSCs Robotic stage Improved mechanical Chawla et al. (2017)
gride properties, cartilage articular
cell differentiation and
proliferation
SF - Structures of ear | porcine ear primary | Bioprinter Improved degradation, Singh et al. (2019)
and grids chondrocytes microextrusion- | mechanical, and cell viability.
based Chondrogenic gene
upregulation
SF and Alginate CaCl, and mushroom | Square mesh hMSCs RegenHU No effect on cell viability and | Trucco et al. (2021)
tyrosinase Bioprinting improved rheological
platform properties
Alginate, PVA, and HA-  CaCl, Meniscus mesh | ADMSC from 3D Bioplotter Showed better printability, | Shi et al. (2022)
PBA (phenylboronic acid rabbit anti-oxidant, and
grafted hyaluronic acid) cytocompatibility
Oxidized alginate CaCl Cylindrical mesh | MSCs from pig Bioprinter Showed better MSCs Barcel et al. (2022)
RegenHU chondrogenic differentiation
Alginate and CMC CaCl, Meniscus mesh | MG63 3D printer BioX  Improved cell differentiation | Sathish et al. (2022)
and collagen release, also
improvement in the
physicochemical properties
Alginate d-aldehyde CaCl, Mesh hNSCs 3D printer Improved cell migration, cell | Schwarz et al.
benchtop (Biobot) | viability, and mechanical (2020)
properties
Alginate sulfate CaCl, and UV Cylindrical mesh | MSCs Bioprinting Improved mechanical Wang et al. (2021a)
system properties like toughness and
(Regen HU) elasticity and promote healthy
chondrogenesis
Alginate and CaCl, and UV Mesh BMSCsand CCs | 3D Discovery bio- | Improvement of production of | Schipani et al.
polycaprolactone (PCL) plotter articular cartilage mesh (2020)
succinimidyl glutarate CaCl, Mesh Chondrocytes, 3D bioprinter Improved room temp Chen et al. (2021)
(SG), PEG, C2C12, NE-4C, Livprint Norm ~ printability, biocompatibility,
N-carboxymethyl NIH/3T3 and cell viability
chitosan, and AHA
Fibrinogen and alginate | Enzymatic: thrombin | Cartilage MSCs of human | Developed by Improved the production of | Henrionnet et al.
have low viscosity and CaCl, authors TGE-p (2020)
HAMA uv Rabbit thyroid ~ TMSCs RegenHU Improved mechanical Lee et al. (2020)
and larynx, mesh 3D Discovery properties, cytotoxicity, and
degradation rate for
chondrogenesis of TMSCs
CSM and HAM uv Mesh Pig Knee cartilage  robot TR300 Improved water content and | Stier et al. (2019)
Primary porcine stiffness as well as cellular
chondrocytes behavior
Agarose uv Spheroids HMSe RegenHu Improved chondrogenic De Moor et al.
bioprinter phenotype and cellular (2020)
behaviour
HAMA uv Disk of core and | hADSCs Handheld Improvement of patient- Onofrillo et al.
shells extrusion specific cellular attachments | (2018)
HAMA uv Disks (circular) ~ Primary cell DLP Improvement of patient- Lam et al. (2019)
having holes Aticular cartilage specific incorporations of cells
PVA uv Cylindrical ACPCs and MSCs  Perfactory” 3 Mini | Improvement of structural | Lim et al. (2018)

fidelity, osteogenic and
chondrogenic differentiation,
and long-term cell survival
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Ink preparation Crosslinking procedure  Structure Bioprinter
printed
Methacrylated alginate and | CaCl, Cylindrical BMSCs | BIO X 3D Improved mechanical Wang et al.
short fiber of PLLA human bioprinter properties by adjustment  (2022b)
of fibre aspect ratio and
improved in vitro
chondrogenic induction
HAp and alginate CaCl, UV Disk shape Male rats | Bioprinter (EFL-  Improved mechanical Zhou et al.
BMSCs | BP-6601) properties and (2021)
chondrogenic
differentiation
B-TCP, NEC, xanthan gum UV Crosshatch type  hMSCs 3D Discovery Improved cell viability | Bedell et al.
(XG), HAMA structure human bioprinter and gel stability (2022)
CNC and HAMA uv Mesh ATDCS | Bio-plotter Improved mechanical Fan et al.
properties and cell (2020)
viability
B-TCP and Alginate Cacl, and UV Mesh and square  BM- 3D-Bioplotter Enhanced mechanical Kosik-Koziol
holes. hMSCs and biological properties et al. (2019)
Glycerol and fibrinogen, HAp | Enzyme Cylindrical-like ~ BMSC Organ printing Enhanced cartilage repair | Sun et al.
‘Thrombin mesh structure united system effect (2021a)
bioprinter
C-PCaP (cross-linkable TEMED Circular structure  ACPCs  Electrowriting Allowed cartilage and Diloksumpan
PCaP), methacryloyl, NC- | (tetramethylethylenediamine)/ device bone regeneration etal. (2020)

PCaP (non-cross-linkable
PCaP), PCaP (printable
calcium phosphate) and
P-CL-MA (poloxamer grafted
caprolactone oligomers and
‘methacryloyl)

APS(ammonium persulphate)
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Type of the 3D

printed
biomaterial

Hydrogel composition

Fabrication
method

Comments

o1 Scaffold Inner core of the scaffold: Integration of microfluidics | The scaffolds exhibited a Fratini et al.
nanocomposite hydrogel composed of | technology with co-axial 3D- | combination of burst and sustained (2023)
hydroxyethyl cellulose (HEC) and bioprinting release of drug; The incorporation of
PEGylated LPs encapsulated with thyme bioactive compound in the scaffold
oil (TO) prepared by microfluidics imparted the anti-bacterial properties
technology with an Active to the scaffold
Pharmaceutical Ingredient (AP); Outer
core—a hybrid hydrogel composed of
sodium alginate/cellulose nanocrystals
(SA/CNC) and enriched with free TO

0 Antibiotic scaffold Levoflocixin Extrusion-based bioprinting | The antibiotic scaffolds showed Glover et al.

using a Bio-X bioprinter excellent mechanical properties and (2023)
thermoplastic print head exhibited a sustained drug release for
4 weeks
03 Porous scaffolds Chitosan Extrusion-based 3D printing | Improvement in the quality of the Intini et al.
process restored tissue during the healing (018)
process in streptozotocin-induced
diabetic rats
04 MoS, accelerated gelling | MoS; nanosheets, benzaldehyde and | in situ three-dimensional | Assistance in the closure of wounds, | Dinget al.(2023)
hydrogel scaffold cyanoacetate group-functionalized (3D) bioprinting eased the oxidative stress, eliminated
dextran solution bacterial infection and positively
improved the wound healing process

05 Wound dressing DNA from salmon sperm and DNA- | Artificial Intelligence (AD)- | Enhancement of the biological Kim et al. (2023)
induced biosilica based 3D bioprinting activity of the dressings through

scavenging of reactive oxygen species
(ROS); Promotion of angiogenesis;
Anti-inflammation property;
Acceleration of the acute and diabetic
wound healing

06 3D-bioprinted autologous | Fibrin glue 3D bioprinter Promotion of wound healing with Bajuri et al.

adipose tissue grafts high-quality reconstruction of skin (2023)

tissues

07 Scaffolds Satureja cuneifolia plant extract (SC), | 3D printing Best antibacterial activity (mainly Tihan et al.
sodium alginate (SA)/polyethylene against gram-positive bacteria); (2020)
glycol (PEG) Promotion of diabetic wound healing

08 Injectable amyloid-based | Bovine serum albumin and aloe vera | 3D printing Provision of best shape fidelity and | Naik etal. (2023)

composite hydrogel and 3D mechanical properties suitable for
printable hydrogel faster chronic wound healing
09 Multicomponent Chitosan methacrylamide, cellulose 3D Printing Improvement in granulation tissue | Alizadehgiashi
biocomposite hydrogel nanocrystal, antibacterial silver formation and differential points of | et al. (2021)
wound dressings nanoparticles and vascular endothelial vascular density; Yielding of various
growth factor physiological responses in mouse
model depending on the growth
factor

10 MeHA patches Methacrylated hyaluronic acid (MeHA) | Extrusion-based 3D printing | Improvement in wound closure in Ferroni et al.
and small extracellular vesicles (SEVs)  process diabetic mouse (2023)
attained from human mesenchymal
stem cells (MSC-SEVs)

i Scaffolds Copper-epigallocatechin gallate (Cu- | Extrusion-based 3D printing | The dermal scaffolds exhibited a Hu et al. (2023)
EGCG) capsules loaded in a process good pore size, excellent
methacrylated decellularized biocompatibility and promoted
extracellular matrix-based hydrogel angiogenesis

12 Hydrogel Bioactive elements, egg white 3D Printing The hydrogels stimulated the Guo etal. (2022)

fibroblasts and adipose tissue-derived
stem cells without imparting any
cytotoxic effects
13 Core-shell hydrogel Poly Vinyl Alcohol/Indomethacin/ Co-axial biological 3D The microfiber-based dressings Huang et al.
‘microfiber MMP inhibitor (PVA/INDO/MMPI) | printing possessed multifunctional properties (2022)
functional bio-ink such as controlled drug-release,
excellent water absorption (and water
retention), good biocompatibility,
wound-healing, antibacterial and
anti-inflammatory properties

14 Peptide-based hydrogel Thiolated y-polyglutamic acid (y-PGA- | 3D bioprinting The cell-laden hydrogel promoted Huang et al.
SH), glycidyl methacrylate-conjugated angiogenesis, reduced tissue hypoxia (2023)
y-polyglutamic acid (y-PGA-GMA), and minimized inflammation
thiolated arginine-glycine-aspartate
(RGDC) sequences and vascular
endothelial growth factor 165-
overexpressed human umbilical vein
endothelial cells

16 Composite scaffolds Gelatin-decellularized Extrusion-based 3D printing | GDQ composite scaffolds exhibited | Zhong et al.
matrix—quaternized chitosan [Gel- process good mechanical properties, good (2023)
dECM-Qes (GDQ)] bioink biocompatibility, wound healing, and

antimicrobial ability
17 Scaffold Decellularized small intestinal 3D Printing in low Acceleration of diabetic wound Hu et al. (2021)

submucosa (SIS) combined with
mesoporous bioactive glass (MBG) and
exosomes

temperature

healing and induction of
angiogenesis by the scaffolds;
Promotion of granulation tissue
formation, collagen fiber deposition,
and growth of functional new blood
vessels by the scaffolds
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Groups

Group 1 (5 Pancreatic
‘Tissue sections)

Group 2 (5 Pancreatic
Tissue sections)

Decellularization strategy

Immersion Decellularization (ID): Tissue sections were submerged in the
5 specified concentrations of detergents and stored in an airtight jar until the
pancreas turned pure white. The tissue underwent a 3-h detergent cycle
followed by a 1XPBS rinseat the completion of each cycle. Tissues were finally
washed with 1XPBS and 0.1% Peracetic acid for 48 h, with 4 changes of each
solution

Perfusion Decellularization (PD): A 16G needle was inserted into the
midsection of pancreatic tissue. The sliced section was perfused with the five
different indicated detergents using a gravity-driven apparatus. These sections
were perfused with detergents until they turned white as opposed to their
usual pale pink color. At the end of decellularization cycle, the tissue was
perfused with 1XPBS and 0.1% Peracetic acid for 48 h, with four changes of
each

04%
(wiv)

1%
(wiv)

Triton CHAPS
X-100

1% (viv) 0.1%
(wiv)

Tween-
20

5% (vIv)






