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Polymeric scaffolds play a pivotal role in tissue engineering (TE) and regenerative
medicine strategies, as they offer the possibility to closely mimic the architectural features
of the native tissues’ extracellular matrix (ECM) and support cell performance both in vitro
and in vivo, creating a favourable regenerative microenvironment [1]. Natural and syn-
thetic polymers have been widely used in TE to fabricate scaffolds with defined structural,
biological, mechanical and degradation properties to guide specific cellular behaviours (e.g.,
adhesion, migration, proliferation and differentiation) and meet the particular requirements
for the regeneration of different target tissues [2,3]. Recent multidisciplinary developments
in the design and engineering of new stimuli-responsive polymers and hybrid bioactive
composites, as well as significant advances in scaffold biofabrication technologies (e.g., ad-
ditive manufacturing—3D bioprinting and electrospinning), have increased the structural
complexity and regenerative potential of polymer-based scaffolds [4,5]. This enhanced
functionality achieved by state-of-the-art polymeric scaffolds strongly encourages their use
in combination with stem cells towards the development of disruptive TE strategies and
reliable in vitro disease models with high potential for clinical translation.

This Special Issue focuses on bringing together contributions covering the most recent
and exciting approaches to the development of polymeric biomaterial scaffolds for regen-
erative medicine and disease modelling applications. This multidisciplinary publication
comprises sixteen manuscripts, of which eleven are original research papers and five are
review papers, from research groups all over the world. These contributions, which are
briefly summarized below, cover a wide range of topics related to polymeric scaffolds, from
novel bioinks for 3D bioprinting, engineered hydrogels for soft tissue repair, and drug
delivery systems for anticancer therapies to the optimization of scaffolds’ structural and
mechanical properties through the use of additives or following mathematical design and
in silico modelling approaches.

Carvalho and colleagues [6] reviewed and discussed the potential of bone ECM non-
collagenous proteins for bone and dental TE strategies. More specifically, the authors
presented an overview of the different non-collagenous proteins found in bone ECM, high-
lighting their important role in regulating cellular processes such as adhesion, proliferation,
osteogenic differentiation and angiogenic potential, all of which are crucial for successful
bone TE strategies.

Hybrid composite scaffolds combining biological materials with synthetic polymers
to achieve constructs with high bioactivity and appropriate mechanical properties hold
great promise for regenerative medicine. Accordingly, Sawyer et al. [7] reviewed the use
of a commercially available reinforced tissue matrix (RTM) device (OviTex), developed
by embedding a polymer within a decellularized ovine-derived ECM, in several types
of hernia repair treatments. The authors observed that the use of the RTM in hernia
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repair promoted wound healing, with no evidence of foreign body response, and provided
structural tissue reinforcement, lowering the risk of hernia recurrence.

Electrically conductive polymeric scaffolds are attracting considerable interest for TE
applications, particularly in strategies targeting the regeneration of electroactive tissues
such as bone, skeletal muscle, neural, and cardiac tissue [4]. In this context, Bartoli et al. [8]
presented an overview of the use of nanostructured carbon fillers (e.g., carbon nanotubes
(CNTs) and graphene-related materials) to produce biopolymer composites with enhanced
mechanical properties and electrical conductivity, particularly targeting TE applications.
Accordingly, Sanjuan-Alberte and colleagues [9] developed conductive photocurable inks
for two-photon polymerization (2PP) 3D printing by dispersing multi-walled CNTs (MWC-
NTs) within a gelatin methacrylate (GelMa) solution. The enhanced electrical properties of
the formulated hydrogel inks were demonstrated through impedance spectroscopy and
cyclic voltammetry. Moreover, the conductive material was shown to support the viabil-
ity and growth of human induced pluripotent stem cell (iPSC)-derived cardiomyocytes.
Finally, the authors were able to manufacture, for the first time, micron-sized conductive
hydrogels via 2PP, highlighting the potential of their strategy for applications in TE and
bioelectronics. Considering the current need to develop appropriate scaffolds and setups
for the electrical stimulation of cells, Garrudo et al. [10] reviewed the existing systems
based on poly(aniline):camphorsulfonic acid (PANI:CSA), one of the most well-studied
electroconductive polymers, with a particular focus on applications for neural cell culture
and differentiation.

The application of innovative biomaterials, namely electrospun nanofibers, nanoparti-
cles (NPs), hydrogels and 3D printed scaffolds, in anticancer therapies and regenerative
strategies after tumour resection is comprehensively discussed in a review paper by Za-
szczytiska and colleagues [11]. Considering this, Ferrentino et al. [12] synthetized and char-
acterized amphiphilic poly(e-caprolactone)-poly(ethylene glycol) (PCL-PEG-PCL) triblock
copolymers, which self-assembled in the form of core—shell micelles. The PCL-PEG-PCL
core—shell NPs were characterized using dynamic light scattering and nuclear magnetic
resonance, as well as in terms of their capacity for uptake by human colorectal carcinoma
cells. Finally, the developed micelles were loaded with the hydrophobic molecule quercetin,
and the anticancer properties of the quercetin-loaded NPs were demonstrated using a
human colon cancer cell line (HCT 116 cells). In a different study addressing cancer,
Banda Sanchez and colleagues [13] describe the selection and optimization of a bioink
and bioprinting process for pancreatic tumour modelling. The ink, composed of plasma-
loaded alginate/methylcellulose (Alg/MC), was characterized in terms of its viscoelastic
behaviour, gelation kinetics and degree of recovery, showing suitability for 3D bioprinting.
When combined with pancreatic tumour cells (PANC-1), the cell-laden bioink was able to
generate 3D-bioprinted models featuring proper geometrical fidelity while also supporting
the PANC-1 cells’ viability, typical phenotype and proliferation capacity.

The development of tissue-engineered vascular grafts (TEVGs) for the regeneration
of small arteries remains an unmet clinical need. Nevertheless, recent approaches us-
ing polymeric scaffolds in vascular TE strategies have achieved highly promising re-
sults both in vivo and in vitro. Antonova et al. [14] developed a TEVG based on poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) / poly(e-caprolactone) loaded with vascular endothe-
lial growth factor (VEGF), basic fibroblast growth factor (obFGF) and stromal cell-derived
factor 1o (SDF-1cx) and surface-coated with heparin and illoprost (PHBV /PCL[VEGF-bFGF-
SDF]Hep/l0) The developed TEVG was evaluated in a sheep carotid artery interposition
model using biostable vascular prostheses of expanded poly(tetrafluoroethylene) as a con-
trol. The authors observed that the PHBV /PCL[VEGE-bFGF-SDF]Hep/Ilo grafts showed a
promising primary patency rate in comparison to the control, and the regenerated arter-
ies presented high vascularization, full endothelialization and a multilayer hierarchical
structure similar to that of the native blood vessels. Wang et al. [15] synthesized biodegrad-
able and electrospinnable x-amino acid-substituted poly(organophosphazene) (PxAPz)
polymers and subsequently fabricated and characterized P APz electrospun nanofibrous
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scaffolds for vascular TE applications. The authors were able to produce bead-free fibrous
scaffolds, with average diameters of 100 to 300 nm, that supported the adhesion and spread
of human smooth muscle cells (SMCs), bone marrow-derived mesenchymal stem/stromal
cells (BM-MSCs) and iPSC-derived MSCs (iMSCs). Notably, in vitro studies evidenced that
PaAPz nanofibers were able to promote the differentiation of iMSCs towards an SMC lin-
eage, suggesting their potential for the fabrication of engineered functional vascular tissues.

Collagen membranes are the most widely used biomaterial for guided bone regenera-
tion procedures in dentistry and periodontology. However, their fast degradation kinetics
limits the success of these therapeutic approaches. To understand whether the collagen’s
origin might have an important effect on the biodegradation process, Vallecillo-Rivas
et al. [16] studied the degradation patterns of five commercially available collagen mem-
branes (Biocollagen, Heart, Evolution X-fine, CopiOs and Parasorb Resodont) of different
origins in three different solutions (phosphate-buffered saline (PBS), bacterial collagenase
from Clostridium histolyticum and porcine trypsin). Overall, the Evolution X-fine collagen
membrane derived from porcine pericardium was the least affected when exposed to the
three different solutions, while Biocollagen and Parasorb Resodont (both of equine origin)
presented the highest degradation rates. Moreover, the bacterial collagenase solution was
the most aggressive medium, with four out of the five membranes (with the exception of
Evolution X-fine) being totally degraded after 7 days of exposure.

Focusing on the search for an appropriate biomaterial for the repair of dura mater
(DM) defects, Lipovka and colleagues [17] compared the mechanical properties of bacterial
nanocellulose (BNC) impregnated with chitosan nanoparticles (N ovochizol™) and the an-
tibiotic vancomycin with those of native BNC and with those of cadaveric DM (preserved in
formalin) and human native DM. The authors reported that the BNC + Novochizol™ + van-
comycin achieved strength properties similar to those of DM (cadaveric and fresh). More-
over, the strength features were significantly improved by the addition of Novochizol™ to
the BNC and could be modulated by varying the polymer thickness.

The management and functional regeneration of articular cartilage and osteochon-
dral (OC) defects are still among the most challenging clinical issues in orthopaedics.
Biodegradable and non-biodegradable polymeric scaffolds have been widely used in
cartilage regeneration and replacement strategies, respectively. Considering a cartilage
replacement approach, Duque-Ossa et al. [18] developed a solid /liquid triborheological
system to recreate the conditions in human synovial joints. The system was used to evaluate
the potential of polyvinyl alcohol (PVA) hydrogels for articular cartilage replacement under
physiological conditions and using hyaluronic acid (HA) as a lubricant. The pressures
applied during the tests simulated the impact experienced daily in these joints. The PVA
hydrogel characterization results showed an equilibrium water content of around 83%,
which is very similar to that of native articular cartilage (80%), and a compression Young’s
modulus of 2.26 MPa. Triborheological tests confirmed a coefficient of friction in the range
of 0.1-0.4, which is compatible to that of natural cartilage (0.1) and supports the hypothesis
that PVA hydrogels lubricated with HA might represent a promising mechanical alternative
for future tissue replacement strategies. In another study focused on cartilage repair, Fu
and colleagues [19] optimized the formulations of injectable hydrogels based on tyramine
(TA)-functionalized HA and dextran (Dex) towards improved chondrocyte growth and
matrix synthesis. Based on the high biocompatibility, improved mechanical properties, and
enhanced glycosaminoglycan and collagen production, the authors observed that the 5%
w/v hybrid hydrogels produced with a 25%/75% HA /Dex ratio were the most promising
constructs for cartilage TE. Another study performed by Cordeiro et al. [20] combined PCL
with cellulose from different sources (commercially available: microcrystalline and methyl-
cellulose, and cellulose obtained from agro-industrial residues) to fabricate scaffolds for
cartilage TE using Fused Deposition Modelling (FDM). The produced composite scaffolds
were characterized in comparison to pure PCL in terms of their morphology, chemical and
mechanical properties, enzymatic degradation profile and cytocompatibility. Overall, the
results suggest that cellulose (particularly methylcellulose) can be incorporated into PCL
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scaffolds to produce scaffolds with compressive properties closer to those of native cartilage
and enhance the proliferation of human dental pulp stem/stromal cells. In a different study
focused on OC repair, Marcelino et al. [21] presented a novel method for designing and
manufacturing scaffolds with a mathematically defined curvature (based on the geometry
of a sphere) able to mimic the native OC tissue shape. The printability of the scaffolds using
poly lactic acid (PLA) and FDM equipment was evaluated, and a limit sphere radius was
defined to ensure high printing fidelity without defects, as confirmed via scanning electron
microscopy and micro-computed tomography. The mechanical behaviour of the produced
curved scaffolds was evaluated experimentally under compressive tests and by means
of finite element modelling, which allowed for the identification of the scaffold regions
subjected to higher loads. Finally, the authors highlighted the potential of combining
numerical modelling with experimental approaches towards the development of improved
biomimetic scaffolds for OC TE strategies.

In conclusion, this Special Issue provides the readers of Polymers with an outstanding and
multidisciplinary array of exciting recent research and literature reviews on the development
of advanced polymer scaffolds for regenerative medicine applications, highlighting their
potential for the development of more affordable and sustainable personalized therapies.

Author Contributions: Conceptualization: J.C.S. and E.C.E; Writing—Original Draft: ].C.S.; Writing—
Review and Editing: J.C.S. and F.C.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by FCT—Portuguese Foundation for Science and Technology
(FCT/MCTES) through the project InSilico4OCReg (PTDC/EME-SIS/0838/2021) and through fund-
ing provided to the research unit iBB (UID/BIO/04565/2022) and to the Associate Laboratory I4HB
(LA/P/0140/2020).

Acknowledgments: The Guest Editors would like to acknowledge all contributing authors for their
submissions to this Special Issue. A particular gratitude is expressed to the Editors-in-Chief for
their invitation to organize this Special Issue of Polymers and to the Section Managing Editor, for his
efficient and pro-active management of the editorial process.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Khan, M.U.A,; Aslam, M.A.; Adbullah, M.EB.; Hassan, A.; Shah, S.A.; Stojanovié¢, G.M. Recent perspective of polymeric
biomaterial in tissue engineering—A review. Mater. Today Chem. 2023, 34, 101818. [CrossRef]

2. Jafari, M.; Paknejad, Z.; Rezai Rad, M.; Motamedian, S.R.; Eghbal, M.].; Nadjmi, N.; Khojasteh, A. Polymeric scaffolds in tissue
engineering: A literature review. J. Biomed. Mater. Res. Part B 2017, 105B, 431-459. [CrossRef] [PubMed]

3. Molina, M.LE.; Malollari, K.G.; Komvopoulos, K. Design Challenges in Polymeric Scaffolds for Tissue Engineering. Front. Bioeng.
Biotechnol. 2021, 9, 617141.

4. Municoy, S.; Alvarez Echazti, M.L; Antezana, PE.; Galdoporpora, ].M.; Olivetti, C.; Mebert, A.M.; Foglia, M.L.; Tuttolomondo,
M.V,; Alvarez, G.S.; Hardy, ].G; et al. Stimuli-Responsive Materials for Tissue Engineering and Drug Delivery. Int. |. Mol. Sci.
2020, 21, 4724. [CrossRef]

5. Castilho, M.; de Ruijter, M.; Beirne, S.; Villette, C.C.; Ito, K.; Wallace, G.G.; Malda, J. Multitechnology Biofabrication: A New
Approach for the Manufacturing of Functional Tissue Structures? Trends Biotechnol. 2020, 38, 1316-1328. [CrossRef]

6. Carvalho, M.S.; Cabral, ].M.S.; da Silva, C.L.; Vashishth, D. Bone Matrix Non-Collagenous Proteins in Tissue Engineering:
Creating New Bone by Mimicking the Extracellular Matrix. Polymers 2021, 13, 1095. [CrossRef]

7. Sawyer, M.; Ferzoco, S.; DeNoto, G., IIl. A Polymer-Biologic Hybrid Hernia Construct: Review of Data and Early Experiences.
Polymers 2021, 13, 1928. [CrossRef]

8. Bartoli, M.; Piatti, E.; Tagliaferro, A. A Short Review on Nanostructured Carbon Containing Biopolymer Derived Composites for
Tissue Engineering Applications. Polymers 2023, 15, 1567. [CrossRef]

9. Sanjuan-Alberte, P.; Vaithilingam, J.; Moore, J.C.; Wildman, R.D.; Tuck, C.J.; Alexander, M.R.; Hague, R.J.M.; Rawson, EJ.
Development of Conductive Gelatine-Methacrylate Inks for Two-Photon Polymerisation. Polymers 2021, 13, 1038. [CrossRef]

10. Garrudo, FEFE,; Linhardt, R.J.; Ferreira, F.C.; Morgado, J. Designing Electrical Stimulation Platforms for Neural Cell Cultivation
Using Poly(aniline): Camphorsulfonic Acid. Polymers 2023, 15, 2674. [CrossRef]

11. Zaszczynska, A.; Niemczyk-Soczynska, B.; Sajkiewicz, P. A Comprehensive Review of Electrospun Fibers, 3D-Printed Scaffolds,

and Hydrogels for Cancer Therapies. Polymers 2022, 14, 5278. [CrossRef] [PubMed]


https://doi.org/10.1016/j.mtchem.2023.101818
https://doi.org/10.1002/jbm.b.33547
https://www.ncbi.nlm.nih.gov/pubmed/26496456
https://doi.org/10.3390/ijms21134724
https://doi.org/10.1016/j.tibtech.2020.04.014
https://doi.org/10.3390/polym13071095
https://doi.org/10.3390/polym13121928
https://doi.org/10.3390/polym15061567
https://doi.org/10.3390/polym13071038
https://doi.org/10.3390/polym15122674
https://doi.org/10.3390/polym14235278
https://www.ncbi.nlm.nih.gov/pubmed/36501672

Polymers 2024, 16, 2667 50f5

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ferrentino, N.; Romano, M.P.; Zappavigna, S.; Abate, M.; Del Vecchio, V.; Romano, D.; Germinario, C.; Grifa, C.; Filosa, R,;
Pappalardo, D. Poly(e-caprolactone)-poly(ethylene glycol) Tri-Block Copolymer as Quercetin Delivery System for Human
Colorectal Carcinoma Cells: Synthesis, Characterization and In Vitro Study. Polymers 2023, 15, 1179. [CrossRef] [PubMed]
Banda Sanchez, C.; Cubo Mateo, N.; Saldafia, L.; Valdivieso, A.; Earl, ].; Gonzalez Gémez, I.; Rodriguez-Lorenzo, L.M. Selection
and Optimization of a Bioink Based on PANC-1- Plasma/Alginate/Methylcellulose for Pancreatic Tumour Modelling. Polymers
2023, 15, 3196. [CrossRef]

Antonova, L.V,; Krivkina, E.O.; Sevostianova, V.V.; Mironov, A.V.; Rezvova, M.A_; Shabaev, A.R.; Tkachenko, V.O.; Krutitskiy, S.S.;
Khanova, M.Y,; Sergeeva, T.Y,; et al. Tissue-Engineered Carotid Artery Interposition Grafts Demonstrate High Primary Patency
and Promote Vascular Tissue Regeneration in the Ovine Model. Polymers 2021, 13, 2637. [CrossRef]

Wang, M.; Lin, S.; Mequanint, K. Electrospun Biodegradable x-Amino Acid-Substituted Poly(organophosphazene) Fiber Mats for
Stem Cell Differentiation towards Vascular Smooth Muscle Cells. Polymers 2022, 14, 1555. [CrossRef]

Vallecillo-Rivas, M.; Toledano-Osorio, M.; Vallecillo, C.; Toledano, M.; Osorio, R. The Collagen Origin Influences the Degradation
Kinetics of Guided Bone Regeneration Membranes. Polymers 2021, 13, 3007. [CrossRef] [PubMed]

Lipovka, A.; Kharchenko, A.; Dubovoy, A.; Filipenko, M.; Stupak, V.; Mayorov, A.; Fomenko, V.; Geydt, P,; Parshin, D. The Effect
of Adding Modified Chitosan on the Strength Properties of Bacterial Cellulose for Clinical Applications. Polymers 2021, 13, 1995.
[CrossRef]

Duque-Ossa, L.C.; Ruiz-Pulido, G.; Medina, D.I. Triborheological Study under Physiological Conditions of PVA Hydrogel/HA
Lubricant as Synthetic System for Soft Tissue Replacement. Polymers 2021, 13, 746. [CrossRef]

Fu, Y.; Zoetebier, B.; Both, S.; Dijkstra, PJ.; Karperien, M. Engineering of Optimized Hydrogel Formulations for Cartilage Repair.
Polymers 2021, 13, 1526. [CrossRef]

Cordeiro, R.; Alvites, R.D.; Sousa, A.C.; Lopes, B.; Sousa, P.; Mauricio, A.C.; Alves, N.; Moura, C. Cellulose-Based Scaffolds: A
Comparative Study for Potential Application in Articular Cartilage. Polymers 2023, 15, 781. [CrossRef]

Marcelino, P; Silva, J.C.; Moura, C.S.; Meneses, ]J.; Cordeiro, R.; Alves, N.; Pascoal-Faria, P,; Ferreira, F.C. A Novel Approach
for Design and Manufacturing of Curvature-Featuring Scaffolds for Osteochondral Repair. Polymers 2023, 15, 2129. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/polym15051179
https://www.ncbi.nlm.nih.gov/pubmed/36904421
https://doi.org/10.3390/polym15153196
https://doi.org/10.3390/polym13162637
https://doi.org/10.3390/polym14081555
https://doi.org/10.3390/polym13173007
https://www.ncbi.nlm.nih.gov/pubmed/34503047
https://doi.org/10.3390/polym13121995
https://doi.org/10.3390/polym13050746
https://doi.org/10.3390/polym13091526
https://doi.org/10.3390/polym15030781
https://doi.org/10.3390/polym15092129
https://www.ncbi.nlm.nih.gov/pubmed/37177275

	References

