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ABSTRACT

Aim: Cartilage tissue degradation is a common symptom of diseases affecting the musculoskeletal system. Impairment of its function can occur due to
numerous factors, both external and internal. Thanks to advances in imaging techniques, identifying pathologies in cartilage tissue is becoming increasingly
common, leading to a search for optimal treatment methods. Human cartilage has a limited capacity for self-repair. Treatments such as transplants have many
limitations, which is why biocompatible materials are becoming increasingly popular. This article presents selected biomaterials that may be useful in the
treatment of cartilage pathologies. Current research on the use of biomaterials in cartilage regeneration was analyzed.

Materials and Methods: The research material consisted of scientific publications describing the use of natural and synthetic scaffolds in animal models and
clinical trials. Particular attention was paid to gelatin, silk fibroin, polylactic acid, polycaprolactone, poly(lactic-co-glycolic acid), and commercial biomimetic
scaffolds. Methods included analysis of mechanical properties, biocompatibility, and the ability to support chondrogenesis.

Conclusions: The study results indicate that appropriately modified biomaterials can effectively support cartilage regeneration and improve its structure and
function. Further research is needed to improve the treatment of cartilage injuries and diseases, and to optimize biomaterials used in cartilage tissue engineering.
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INTRODUCTION

There are three types of cartilage tissue in the human
body: hyaline, fibrous, and elastic. Cartilage tissue
provides support and cushioning, enabling smooth
movement of bones within joints, shaping human
features (e.g., the nose), and providing support, such as
reinforcement of the trachea. The proper functioning
of cartilage depends on the composition and structure
of its extracellular matrix [1]. Deterioration of cartilage
tissue and thus impairment of its function can occur due
to factors such as aging, repetitive stress during daily
activities, degenerative disease, rheumatoid arthritis,
and genetic factors [2]. Thanks to advances in imaging
techniques and the widespread availability of magnetic
resonance imaging, the identification of cartilage tissue
pathologies is becoming increasingly common. Unfor-
tunately, human cartilage has limited self-repair capacity
[3]. Interventions such as allografts, autografts, and bone
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marrow stimulation also have numerous limitations.
Allografts are at high risk of cell death during storage,
and bone marrow stimulation yields cartilage of much
lower quality [4]. These limitations have contributed to
advances in cartilage tissue engineering. Thanks to this
field of science, we can create cartilage-like structures
that mimic the biochemical and mechanical properties of
natural cartilage [5]. Both natural and synthetic materials
have been studied for use in cartilage tissue engineer-
ing. Studies have shown that natural polymers (such as
gelatin and fibrin) are bioactive and biocompatible. In
contrast, synthetic polymers (such as poly(lactic-co-gly-
colic acid), polycaprolactone, and polylactic acid) are
amenable to modification of their mechanical prop-
erties and degradation rate [6]. Furthermore, in recent
years, commercialized biomimetic scaffolds designed to
achieve cartilage regeneration have also appeared on the
market. These include MaioRegen, Agili-C, and TruFit [7].
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AIM

This article presents selected biomaterials that may be
useful for the treatment of cartilage pathologies.

MATERIALS AND METHODS

To create this article, databases such as PubMed and
Google Scholar using keyword combinations: “carti-
lage defects,” “natural biomaterials,” “synthetic bioma-
terials,” “commercialized biomimetic scaffolds,” and
“cartilage tissue engineering,” as well as “silk fibroin,’
“gelatin,” “polylactic acid,” “polycaprolactone,” and
poly(lactic-co-glycolic acid)” was searched. Ultimately,
we included 39 articles, selected based on their high
relevance and innovative nature in the context of bio-

materials for cartilage repair.

REVIEW

BIOMATERIALS USED IN THE TREATMENT OF
CARTILAGE DAMAGE

The basic classification of biomaterials distinguishes
between natural and synthetic biomaterials. Plants
and animals have become the source of natural bio-
materials, while synthetic biomaterials are produced
in laboratory conditions [8].

NATURAL BIOMATERIALS

The basic groups of natural biomaterials include glycos-
aminoglycans (e.g., hyaluronic acid), polysaccharides,
proteins, and extracellular matrix materials (e.g., egg-
shell matrix). Their advantages in the context of tissue
engineering include low production costs and good
availability, as well as biocompatibility and biodegrad-
ability [8]. The basic classification of biomaterials distin-
guishes between natural and synthetic biomaterials.
Plants and animals have become the source of natural
biomaterials, while synthetic biomaterials are produced
in laboratory conditions [8].

SILK FIBROIN
Silk fibroin is a protein isolated from silk that is rich in
glycine, alanine, and serine [9]. Along with other com-
pounds such as collagen and glycosaminoglycans, silk
fibroin forms the extracellular matrix of chondrocytes. It
plays a crucial role in the maturation and differentiation
of these cells and is therefore essential for maintaining
the proper structure and function of cartilage tissue [10].
The advantages of silk fibroin in the context of cartilage
tissue engineering include high biocompatibility, controlled
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biodegradability,and a very low risk ofimmunological reac-
tions. This protein can be processed into a variety of forms,
including solutions, powders, fibers, films, sponges, and hy-
drogels.These forms can be obtained using techniques such
as electrospinning, spin coating, and freeze-drying [11]. By
combining silk fibroin with other polymers, we can obtain
composite scaffolds that can effectively enhance responses
such as cell differentiation, proliferation, and adhesion [8].
For example, combining silk fibroin with glycidyl methac-
rylate gel demonstrates high cellular biocompatibility in
vitro and provides a suitable environment for chondrocyte
growth and survival. Furthermore, adding growth factors
(e.g.,insulin-like growth factor) tosilk fibroin-based scaffolds
improves chondrogenic outcomes and provides an alter-
native to autologous and allogeneic cartilageimplants [12].

GELATIN

Gelatin is a major component of connective tissue,
formed by the breakdown of the collagen triple helix
[13]. It is a compound that stimulates the formation
of the extracellular matrix. The biocompatibility and
biodegradability of gelatin, as well as its affordability
and ease of production, have made it a widely used
compound in tissue engineering [14]. A study led by
Maihemuti showed that 3D-printed scaffolds made
from gelatin derived from cold-water fish are promising
for repairing cartilage defects in the knee joints of mice
[15]. Furthermore, the creation of composite scaffolds
combining gelatin with other natural or synthetic poly-
mers has also been shown to be effective in cartilage
tissue engineering [16]. For example, chemically mod-
ifying gelatin by reacting it with methacrylicanhydride
increases its thermal stability while maintaining its nat-
ural biocompatibility [17]. This fact has been confirmed
by a study by Visser et al., which demonstrated that
adding methacryloyl gelatin to equine cartilage matrix
particles yields a composite with stiffness and elasticity
very similar to those of natural cartilage tissue [18].

SYNTHETIC BIOMATERIALS

In orthopedic applications, there are three basic catego-
ries of synthetic biomaterials: metals (characterized by
high resistance to deformation), ceramics (characterized
by chemical inertness and low thermal conductivity),
and biodegradable and non-biodegradable polymers
(low density and good processability) [8].

POLYLACTIC ACID
Polylactic acid is a biodegradable, non-toxic plastic. This
polymeris currently produced primarily from a non-renew-
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able raw material, such as crude oil. An alternative route to
its production is through the biotechnology industry, using
lactic acid derived from renewable resources such as sugar-
cane.Inaddition to its biodegradability and non-toxicity, its
advantagesin tissue engineering include biocompatibility,
thermopilasticity, and good moldability [19].

Aninvitro study conducted by Liang et al. demonstrated
that nanofibers produced by grafting polylactic acid chains
onto lignin can positively influence chondrogenic differen-
tiation, thereby facilitating the regeneration of damaged
cartilage. They found that lignin-polylactic acid-containing
scaffolds had excellent antioxidant properties and pro-
moted favorable expression of cartilage-specific genes.
Additionally, they maintained a balance with the expression
of late-stage chondrogenesis genes [20].

POLYCAPROLACTONE

Polycaprolactone is a biodegradable aliphatic polyes-
ter that is thermally stable at temperatures above 300
degrees Celsius. It is widely used in medicine due to its
properties, including good solubility, long degradation
time, and low melting point. Polycaprolactone has been
approved by the Food and Drug Administration and
hailed as an extremely promising compound in tissue
engineering due to its thermal stability [21]. In their
study, Liu Y. and co-investigators fabricated porous
scaffolds from poly(glycerol sebacate)/polycaprolac-
tone using the salting-out technique. This experiments
demonstrated that articular chondrocytes successfully
adhered and proliferated on these scaffolds during
short-term culture. Furthermore, bone marrow-derived
stem cells differentiated into chondrocyte-like cells on
the same scaffolds. This demonstrated that poly(glycer-
ol sebacate)/polycaprolactone scaffolds are promising
for cartilage tissue regeneration; however, further in
vivo studies are needed [22].

POLY(LACTIC-CO-GLYCOLIC ACID)
Poly(lactic-co-glycolic acid) is a popular biodegradable
polymer. Both the Food and Drug Administration and
the European Medicines Agency have approved this
compound as safe and effective for various medical ap-
plications, including orthopedic stabilization. Its hydro-
lysis produces lactic and glycolic acid monomers, which
are then metabolized via the Krebs cycle. Consequently,
it is characterized by extremely low toxicity [23].
Poly(lactic-co-glycolic acid) has many advantages for
cartilage tissue engineering. These include controlled
biodegradability and a near-complete lack ofimmuno-
genicity. This polymer supports cell differentiation and
viability, thus offering potential as a scaffold material for

the regeneration of cartilage pathologies [24]. A study
led by Morille demonstrated that poly(lactic-co-gly-
colic acid)-based scaffolds can provide an optimal
environment for mesenchymal stem cell differentiation
into chondrocytes [25]. Furthermore, Toyokawe and
co-investigators demonstrated, using a rabbit model,
that a cannulated poly(lactic-co-glycolic acid) scaffold
can regenerate and repair full-thickness osteochondral
defects, thus demonstrating excellent predisposition
for regenerating damaged cartilage [26].

COMMERCIALIZED BIOMIMETIC
SCAFFOLDS

Commercialized biomimetic scaffolds include MaioRe-
gen, Agili-C, and TruFit. These scaffolds were developed
to promote cartilage regeneration and have shown
promising results, but are not yet widely used for this
purpose. Currently, these biomaterials require further
and more extensive research due to discrepancies in
radiological findings and the low quality of available
studies [7].

MAIOREGEN

MaioRegen (Finceramica, Italy) is the most thoroughly
studied biomimetic multilayer scaffold designed for
in situ cartilage regeneration. This nanostructured im-
plant consists of varying proportions of collagen and
hydroxyapatite arranged in three distinct layers. The first
layer, which recreates smooth cartilage, is composed
entirely of type 1 collagen, the intermediate layer is
composed of 3/5 type 1 collagen and 2/5 hydroxyapa-
tite, and the deepest layer is composed of 30% type 1
collagen and 70% hydroxyapatite [27].

In their study, Kon and co-investigators examined
100 active athletes with symptomatic changes in the
cartilage and subchondral layer of the knee joint. Some
patients were treated with MaioRegen, while others
received microfracture. After a two-year follow-up pe-
riod, therapy using the biomimetic multilayer MaioRe-
gen scaffold yielded significantly better results in the
treatment of osteochondral lesions [28]. Furthermore,
the simultaneous use of MaioRegen and bone marrow
stimulation results in the scaffolds being filled with
cytokines and stem cells from the patient’s own bone
marrow, stimulating cartilage regeneration directly at
the site of injury [29].

AGILI-C
Agili-C (CartiHeal, Israel) is an acellular aragonite scaf-
fold. It was designed to replicate the natural structure
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and function of joints. Its action aims to stimulate
cartilage and subchondral regeneration and operates
through a dual mechanism. The first mechanism in-
volves facilitating the adhesion and differentiation of
bone marrow stem cells into chondrocytes. The second
mechanism involves stimulating chondrocyte migra-
tion and proliferation from surrounding cartilage tissue
and their deposition into the extracellular matrix [27].

Chubinskaya conducted a study demonstrating that
Agili-C scaffolds supported cartilage regeneration
and repair in human knee and ankle joints. The most
important finding of the study was that acellular Agili-C
scaffolds effectively attracted host chondrocytes and
increased their cartilage potential [30].

TRUFIT

The TruFit insert (Smith & Nephew, USA) is an acellular
synthetic scaffold composed of polylactide and co-gly-
colide [27]. Cartilage regeneration using the commer-
cialized biomimetic TruFit scaffold was proposed to
involve the infiltration of growth factors and bone
marrow-derived cells into the insert, thereby facilitat-
ing integration and repair of damaged cartilage [31].
Recent studies recommended discontinuing the use
of the TruFit insert due to poor graft integration and
lack of significant clinical improvement [27]. TruFit was
withdrawn from sale due to its low efficacy compared
to other standard treatments for cartilage defects [32].

DISCUSSION

Despite medical advances, treating cartilage damage
remains a significant challenge.There is a constant need
to develop new methods that can effectively and fully
regenerate cartilage. More and more research is being
conducted in this direction, and biomaterials and car-
tilage tissue engineering are proving to be innovative.

Natural biomaterials offer several advantages over
synthetic biomaterials in tissue engineering. They in-
clude mechanical adaptability, bioactivity that allows
them to mimic the naturally occurring extracellular
matrix, and numerous active sites [33]. However, their
use also presents significant limitations. Challenges that
must be considered when using natural biomaterials in-
clude their temperature sensitivity, difficult processing,
and sometimes very complex chemical structure [34].
Among the most important natural biomaterials are
gelatin and silk fibroin [6]. In their study, Maihemuti and
colleagues developed gelatin scaffolds from cold-water
fish skin, providing a biocompatible, low-immunogenic
alternative to porcine gelatin. Using a 3D printer, they
fabricated various types of scaffolds, which they used to
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effectively regenerate cartilage defects in the knee joint
in a mouse model [23]. In their study, Li and colleagues
developed a hydrogel composed of silk fibroin and car-
boxymethyl chitosan, which they tested in rabbit and
mouse models. They demonstrated that the hydrogel
supported chondrogenesis in rabbit joints while not
triggering an immune response in mice [35].

The advantage of synthetic biomaterials over natural
ones is that they can be modified to achieve a wider
range of mechanical and chemical properties. Because
they are produced under controlled laboratory con-
ditions, we can predict their mechanical and physical
properties and control material contamination. How-
ever, their greatest limitation in the context of tissue
engineering is their limited biocompatibility [36]. In
their study, Liang R. and co-investigators grafted poly-
lactic acid chains of varying lengths onto lignin. They
obtained copolymers that differed in the proportions
of polylactic acid to lignin and their molecular weight.
Using the resulting copolymers, they created nanofi-
brous scaffolds that served as a platform supporting cell
growth and mimicking the environment of the cartilage
matrix for cartilage regeneration. Ultimately, it was
found that scaffolds containing lignin-polylactic acid 40
have a positive effect on the regeneration of damaged
cartilage and may support the maintenance of balanced
expression of the Col10al gene, which is responsible for
the late phase of chondrogenesis [20]. Liu Y., in turn,
conducted studies in which combining poly(glycerol
sebacate) with polycaprolactone resulted in scaffolds
with longer degradation times and increased stiffness.
Furthermore, poly(glycerol sebacate)/polycaprolactone
scaffolds demonstrated very good cytocompatibility
with both bone marrow-derived stem cells and joint
chondrocytes in vitro. In the study, bone marrow-de-
rived stem cells demonstrated chondrogenic potential
comparable to joint chondrocytes [22]. Toyokawa and
co-investigators conducted a study demonstrating that
poly(lactic-co-glycolic acid) scaffolds effectively re-
paired osteochondral defects measuring 5 mm in diam-
eterin arabbit model. Their study included a treatment
group whose defects were treated with a cylindrical,
cannulated poly(lactic-co-glycolic acid) scaffold and
a control group (i.e., an untreated group). In the study
group, fibrous tissue appeared on the scaffold surface
as early as the second week after the procedure. Car-
tilage gradually formed on the joint surface, and bone
was rebuilt in the subchondral layer. The regenerated
cartilage remained intact until 24 weeks after surgery.
In the control group, the untreated defects filled with
hematoma as early as the second week, followed by
cartilage and bone formation. However, the regener-
ated cartilage in the untreated defects failed to prop-
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erly organize and exhibited an uneven joint surface.
Histological studies showed that the groups treated
with poly(lactic-co-glycolic acid) scaffolds achieved
significantly better results than the control group at 12
and 24 weeks after surgery [26].

Commercialized biomimetic scaffolds designed for
cartilage regeneration include MaioRegen, Agili-C, and
TruFit [7]. They are relatively easy to use and offer ad-
vantages, such as a single-step procedure. However, to
be widely used, these scaffolds require further research
and more thorough evaluation of their efficacy [37]. Brix
M conducted a study evaluating MaioRegen’s ability
to regenerate single osteochondral lesions >1.5 cm?
in diameter on the femoral condyle. He enrolled eight
patients in his prospective study. He assessed the repair
capacity of the MaioRegen scaffold at intervals of 6, 12,
18, and 24 months using magnetic resonance imaging
and semi-quantitative morphological analyses. Initially,
his study demonstrated that the MaioRegen scaffold
effectively filled the osteochondral defect. In seven of
eight patients, complete integration of the scaffold at
the junction was observed. However, 18 months after
surgery, reduced quality of the repaired cartilage tissue
was observed [38]. A study by Chubinskaya S et al. con-
firmed that the Agili-C scaffold supports cartilage regen-
eration and may provide a single-stage solution for the
treatment of full-thickness cartilage defects. The study
involved harvesting fresh human cartilage tissue from
cadavers of different sexes and ages and then culturing
it for 60 days with the Agili-C scaffold. The researchers
found that chondrocytes migrated from a post-mor-
tem cartilage explant into the porous scaffold, filling its
entire volume with a newly formed extracellular matrix

richin type Il collagen and aggrecan [30]. Regarding the
effectiveness of the TruFit scaffold for cartilage repair,
the available evidence is inconsistent. TruFit scaffolds
were examined by MRI by Bedi et al., who analyzed 26
cases over 6 to 39 months. The consistent pattern of
integration was observed among them. Initially, MRI
results deteriorated between 6 and 12 months, but
then improved with longer follow-up. In 90% of cases,
TruFit scaffold integration was almost complete after 16
months. Barbar and Dockery, using computed tomog-
raphy, analyzed 9 cases of TruFit scaffold use and con-
cluded that the scaffold did not integrate successfully
in any of the cases. Similarly, Dhollander and colleagues
concluded that TruFit scaffold implantation was incom-
plete after 1 year, suggesting the need for a longer
follow-up period [39]. Due to equivocal clinical results
and lower efficacy compared to other treatments, TruFit
was withdrawn from the market [32].

CONCLUSIONS

Further research is needed to improve the treatment
of cartilage injuries and diseases, as well as to optimize
the biomaterials used in cartilage tissue engineering.
Increasing the number of long-term studies seems
particularly important. This will enable the assessment
of efficacy, durability, and safety, as well as the identi-
fication of the best therapeutic options for patients.
Collaboration between clinicians, scientists, and indus-
try representatives is crucial here. By deepening our
knowledge of cartilage biology and tissue engineering,
we can improve treatment and enhance the quality of
life of patients with cartilage disorders.

REFERENCES

1. Krishnan Y, Grodzinsky AJ. Cartilage diseases. Matrix Biol. 2018;71-72:51-69. d0i:10.1016/j.matbio.2018.05.005. b0t

2. Chen'S, Fu P, Wu H, Pei M. Meniscus, articular cartilage and nucleus pulposus: a comparative review of cartilage-like tissues in anatomy,
development and function. Cell Tissue Res. 2017;370(1):53-70. doi:10.1007/500441-017-2613-0. (bol&

3. Salzmann GM, Ossendorff R, Gilat R, Cole BJ. Autologous Minced Cartilage Implantation for Treatment of Chondral and Osteochondral
Lesions in the Knee Joint: An Overview. Cartilage. 2021;13(1_suppl):11245-1136S. doi:10.1177/1947603520942952. (boi&

4. Huey DJ, Hu JC, Athanasiou KA. Unlike bone, cartilage regeneration remains elusive. Science. 2012;338(6109):917-921. doi:10.1126/

science.1222454. (ool

5. Vega SL, Kwon MY, Burdick JA. Recent advances in hydrogels for cartilage tissue engineering. Eur Cell Mater. 2017;33:59-75. d0i:10.22203/

eCM.v033a05. Cbol

6. Kalairaj MS, Pradhan R, Saleem W, Smith MM, Gaharwar AK. Intra-Articular Injectable Biomaterials for Cartilage Repair and
Regeneration. Adv Healthc Mater. 2024;13(17):2303794. doi:10.1002/adhm.202303794. (pol&
7. Kolar M, Drobni¢ M. Multilayered biomimetic scaffolds for cartilage repair of the talus. A systematic review of the literature. Foot Ankle

Surg. 2023;29(1):2-8. doi:10.1016/j.fas.2022.10.007. ¢ore

8. Chelu M, Musuc AM. Advanced Biomedical Applications of Multifunctional Natural and Synthetic Biomaterials. Processes. 2023; 11(9):2696.

https://doi.org/10.3390/pr11092696.

9. Sun'W, Gregory DA, Tomeh MA, Zhao X. Silk Fibroin as a Functional Biomaterial for Tissue Engineering. Int J Mol Sci. 2021;22(3):1499.

doi:10.3390/ijms22031499. (poi&

545



Marta Zerebiec et al.

10

n

12

13

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

2].

28.

29.

30.

3.

32.

33.

34

35

54

. SuX, Wei L, XuZ, et al. Evaluation and Application of Silk Fibroin Based Biomaterials to Promote Cartilage Regeneration in Osteoarthritis
Therapy. Biomedicines. 2023;11(8):2244. doi:10.3390/biomedicines11082244. (por&

. Sultan MT, Hong H, Lee 0J, et al. Silk Fibroin-Based Biomaterials for Hemostatic Applications. Biomolecules. 2022;12(5):660. doi:10.3390/
biom12050660. <ol

. Li G, Sun S. Silk Fibroin-Based Biomaterials for Tissue Engineering Applications. Molecules. 2022 Apr 25;27(9):2757. doi: 10.3390/
molecules27092757. (bol&

.LiL, YuF, Zheng L, et al. Natural hydrogels for cartilage regeneration: Modification, preparation and application. J Orthop Translat.
2018;17:26-41. d0i:10.1016/j.j0t.2018.09.003. ore

. HanY, Jia B, Lian M, et al. High-precision, gelatin-based, hybrid, bilayer scaffolds using melt electro-writing to repair cartilage injury. Bioact

Mater. 2021;6(7):2173-2186. doi:10.1016/j.bioactmat.2020.12.018. ¢oi&

Maihemuti A, Zhang H, Lin X, et al. 3D-printed fish gelatin scaffolds for cartilage tissue engineering. Bioact Mater. 2023;26:77-87.

doi:10.1016/j.bioactmat.2023.02.007. (por&

Aldana AA, Abraham GA. Current advances in electrospun gelatin-based scaffolds for tissue engineering applications. Int J Pharm.

2017;523(2):441-453. d0i:10.1016/j.ijpharm.2016.09.044. Cpore

Zhang Y, Chen H, Li J. Recent advances on gelatin methacrylate hydrogels with controlled microstructures for tissue engineering. Int J

Biol Macromol. 2022;221:91-107. doi:10.1016/j.ijbiomac.2022.08.171. (bol&

Yue K, Trujillo-de Santiago G, Alvarez MM, Tamayol A, Annabi N, Khademhosseini A. Synthesis, properties, and biomedical applications

of gelatin methacryloyl (GelMA) hydrogels. Biomaterials. 2015;73:254-271. doi:10.1016/j.biomaterials.2015.08.045. (bol&

de Albuquerque TL, Marques Janior JE, de Queiroz LP, Ricardo ADS, Rocha MVP. Polylactic acid production from biotechnological routes:

A review. Int J Biol Macromol. 2021;186:933-951. doi:10.1016/j.ijbiomac.2021.07.074. (boi&

Liang R, Yang X, Yew PYM, et al. PLA-lignin nanofibers as antioxidant biomaterials for cartilage regeneration and osteoarthritis treatment. J

Nanobiotechnology. 2022;20(1):327. d0i:10.1186/512951-022-01534-2. (poi&

Rahimkhoei V, Padervand M, Hedayat M, Seidi F, Dawi EA, Akbari A. Biomedical applications of electrospun polycaprolactone-based

carbohydrate polymers: A review. Int J Biol Macromol. 2023;253(Pt 1):126642. doi:10.1016/j.ijbiomac.2023.126642. (bol&

Liu'Y, Tian K, Hao J, Yang T, Geng X, Zhang W. Biomimetic poly(glycerol sebacate)/polycaprolactone blend scaffolds for cartilage tissue

engineering. ) Mater Sci Mater Med. 2019;30(5):53. doi:10.1007/510856-019-6257-3. (boi&

DanhierF, AnsorenaE, SilvaJM, Coco R, Le Breton A, Préat V. PLGA-based nanoparticles: an overview of biomedical applications. J Control

Release. 2012;161(2):505-522. doi:10.1016/j.jconrel.2012.01.043. Cor&

Yamagata K, Nakayamada S, Tanaka Y. Use of mesenchymal stem cells seeded on the scaffold in articular cartilage repair. Inflamm Regen.

2018;38:4. d0i:10.1186/541232-018-0061-1. (bol&

Morille M, Toupet K, Montero-Menei (N, Jorgensen C, Noél D. PLGA-based microcarriers induce mesenchymal stem cell chondrogenesis

and stimulate cartilage repair in osteoarthritis. Biomaterials. 2016;88:60-69. doi:10.1016/j.biomaterials.2016.02.022. (ol

Toyokawa N, Fujioka H, Kokubu T, et al. Electrospun synthetic polymer scaffold for cartilage repair without cultured cells in an animal

model. Arthroscopy. 2010;26(3):375-383. doi:10.1016/j.arthro.2009.08.006. bol&

Kluyskens L, Debieux P, Wong KL, Krych AJ, Saris DBF. Biomaterials for meniscus and cartilage in knee surgery: state of the art. J ISAKOS.

2022;7(2):67-77. doi:10.1136/jisakos-2020-000600. <boi&

Boffa A, Solaro L, Poggi A, Andriolo L, Reale D, Di Martino A. Multi-layer cell-free scaffolds for osteochondral defects of the knee: a

systematic review and meta-analysis of clinical evidence. J Exp Orthop. 2021;8(1):56. doi:10.1186/540634-021-00377-4. (bol&

Jiang S, Guo W, Tian G, et al. Clinical Application Status of Articular Cartilage Regeneration Techniques: Tissue-Engineered (artilage

Brings New Hope. Stem Cells Int. 2020;2020:5690252. doi:10.1155/2020/5690252. (por&

Chubinskaya S, Di Matteo B, Lovato L, lacono F, Robinson D, Kon E. Agili-Cimplant promotes the regenerative capacity of articular cartilage

defects in an ex vivo model. Knee Surg Sports Traumatol Arthrosc. 2019;27(6):1953-1964. doi:10.1007/500167-018-5263-1. (por&

Verhaegen J, Clockaerts S, Van Osch GJ, Somville J, Verdonk P, Mertens P. TruFit Plug for Repair of Osteochondral Defects-Where Is the

Evidence? Systematic Review of Literature. Cartilage. 2015;6(1):12-19. doi:10.1177/1947603514548890. Do

Di Cave E, Versari P, Sciarretta F, Luzon D, Marcellini L. Biphasic bioresorbable scaffold (TruFit Plug®) for the treatment of osteochondral

lesions of talus: 6- to 8-year follow-up. Foot (Edinb). 2017;33:48-52. doi:10.1016/j.fo0t.2017.05.005. <ol

Liu'S, YuJM, GanYC, et al. Biomimetic natural biomaterials for tissue engineering and regenerative medicine: new biosynthesis methods,

recent advances, and emerging applications. Mil Med Res. 2023;10(1):16. Published 2023 Mar 28. doi:10.1186/540779-023-00448-w.
DOI

. BoniR, Ali A, Shavandi A, Clarkson AN. Current and novel polymeric biomaterials for neural tissue engineering. J Biomed Sci. 2018;25(1):90.
Published 2018 Dec 20. doi:10.1186/512929-018-0491-8. (pol&

. SuX, Weil, XuZ, etal. Evaluation and Application of Silk Fibroin Based Biomaterials to Promote Cartilage Regeneration in Osteoarthritis
Therapy. Biomedicines. 2023;11(8):2244. doi:10.3390/biomedicines11082244. (pol&

6



Biomaterials in cartilage damage

36. Song R, Murphy M, Li C, Ting K, Soo C, Zheng Z. Current development of biodegradable polymeric materials for biomedical applications. Drug
Des Devel Ther. 2018;12:3117-3145. Published 2018 Sep 24. doi:10.2147/DDDT.5165440. (ool

37. Boffa A, Solaro L, Poggi A, Andriolo L, Reale D, Di Martino A. Multi-layer cell-free scaffolds for osteochondral defects of the knee: a
systematic review and meta-analysis of clinical evidence. J Exp Orthop. 2021;8(1):56. doi:10.1186/540634-021-00377-4. (bol&

38. Brix M, Kaipel M, Kellner R, et al. Successful osteoconduction but limited cartilage tissue quality following osteochondral repair by a
cell-free multilayered nano-composite scaffold at the knee. Int Orthop. 2016;40(3):625-632. doi:10.1007/500264-016-3118-2. (bol&

39. Azam A, Forster M, Robertson A. Clinical and radiological outcome for Trufit Plug in the treatment of chondral and osteochondral lesions
ata minimum of 2 years. J Orthop. 2018;15(1):47-51. doi:10.1016/}.jor.2018.01.001. ¢or&

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Marta Zerebiec

Student Scientific Association,

Department of Rehabilitation, Medical University of Lublin
Lublin, Poland

e-mail: zerebiecm22@gmail.com

ORCID AND CONTRIBUTIONSHIP

Marta Zerebiec: 0009-0003-7438-238X @ ®
Weronika WozZnica: 0009-0007-1549-7290 ®©
Natalia Kotodynska: 0009-0002-2943-4315 ®
Zuzanna Kotodynska: 0009-0000-0017-8317 ®
Natasza Jankowska: 0009-0009-0491-3716 ® @
Aleksandra Betzek: 0000-0001-5543-877X ® (@
Vivek Vasudevan: 0009-0009-8597-3867 &
Karolina Turzanska: 0000-0001-7359-9622 & (F
Katarzyna Jozwik: 0000-0002-6499-8688 B
Matgorzata Drelich: 0000-0001-6709-0440 & (¥

A —Work conceptand design, (8 — Data collectionand analysis, (¢ —Responsibility forstatistical analysis, (0 —Writing the article, (e — Critical review, (¢ — Final approval of the article

RECEIVED: 14.12.2025 ®OE
ACCEPTED: 27.02.2026 %

547


https://orcid.org/0009-0003-7438-238X
https://orcid.org/0009-0007-1549-7290
https://orcid.org/0009-0002-2943-4315
https://orcid.org/0009-0000-0017-8317
https://orcid.org/0009-0009-0491-3716
https://orcid.org/0000-0001-5543-877X
https://orcid.org/0009-0009-8597-3867
https://orcid.org/0000-0001-7359-9622
https://orcid.org/0000-0002-6499-8688
https://orcid.org/0000-0001-6709-0440

