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Editorial on the Research Topic
Tissue repair modeling of locomotor apparatus

1 Introduction

The human locomotor apparatus—a complex system comprising bones, cartilage,
muscles, tendons, ligaments, and neural signaling—serves as the foundation of human
movement (Sarkodie-Gyan and Yu, 2023). Injuries and degenerative conditions affecting
this system are common and often lead to substantial impairments in mobility
and diminished quality of life. Given the increasing incidence of musculoskeletal
disorders due to aging populations, sports-related injuries, and chronic conditions
such as osteoarthritis, research into tissue repair modeling has never been more
crucial (Gill et al, 2023). Advancements in this field offer promising avenues to
enhance our understanding and treatment for these disorders (Vernengo et al., 2023;
Chehade et al., 2020).

This Research Topic compiles eight insightful articles that delve into
various aspects of tissue repair within the locomotor apparatus (Figure 1).
These studies explore innovative modeling approaches, advanced biomaterials,
therapeutic ~ strategies, and the intricate molecular mechanisms underlying
tissue regeneration. The findings presented here underscore the importance of
interdisciplinary research in bridging the gap between fundamental science and
clinical applications, paving the way for more effective and personalized treatment
modalities.
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TISSUE REPAIR MODELING
OF LOCOMOTOR APPARATUS
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Graphical abstract illustrating the themes of this editorial on tissue repair modeling of locomotor apparatus. Highlighted areas include cartilage repair,
biomimetic scaffolds, epigenetic regulation, and therapeutic strategies, which together represent the interdisciplinary approaches discussed in this
Research Topic to advance understanding and treatment of human musculoskeletal disorders.

2 Innovative model for cartilage repair

Cartilage injuries present a significant challenge due to
the tissue’s limited regenerative capacity and lack of direct
vascularization. Trengove et al. introduced a dynamically loaded
ex vivo model to study neocartilage formation and integration
in human cartilage repair. This model replicates the mechanical
environment of cartilage, allowing researchers to investigate
the effects of mechanical stimulation on engineered tissue
constructs. The studys findings underscore the importance
of mechanical stimuli in promoting neocartilage formation
and integration, reinforcing the necessity of biomechanical
factors in cartilage tissue engineering. By providing a controlled
environment for testing cartilage repair strategies, this model
may contribute to the development of more effective therapies for
joint injuries and osteoarthritis.
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3 Advancements in biomimetic
scaffolds

Scaffolds that mimic the native extracellular matrix (ECM)
of bone tissue play a critical role in tissue engineering.
Doyle etal. assessed the impact of geometrical design on
the stiffness and angiogenic potential of 3D-printed bone-
mimicking scaffolds. Their research highlights how specific
structural parameters influence both the mechanical properties
and biological performance of scaffolds. By optimizing scaffold
design, researchers can create constructs that better support cell
adhesion, proliferation, and differentiation, ultimately enhancing
bone regeneration. The study provides valuable insights for
developing personalized scaffolds that cater to patient-specific
needs, improving outcomes in orthopedic and reconstructive
surgery.
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4 Molecular insights into enthesis
integrity

The fibrocartilaginous enthesis, where tendons attach to bones,
is a highly specialized structure that is essential for musculoskeletal
function. Yambe et al. examined the role of sclerostin in modulating
mineralization and stiffness at the enthesis. Their study reveals that
sclerostin plays a critical role in maintaining mechanical tissue
integrity by regulating the mineralization processes. Given the high
susceptibility of the enthesis to injury, particularly in conditions such
as tendinopathy and enthesopathy, understanding the molecular
pathways governing its repair is crucial. These findings could inform
the development of targeted therapies that enhance enthesis healing
and reduce the risk of chronic musculoskeletal disorders.

5 Enhancing angiogenesis in tissue
engineering

Successful tissue repair relies heavily on the formation of
new blood vessels to supply nutrients and oxygen to regenerating
cells. Giretova etal. investigated the effect of incorporating an
agarose/gelatin gel into polyhydroxybutyrate/chitosan scaffolds to
increase their pro-angiogenic potential. The addition of the gel
component was found to enhance the scaffolds’ ability to promote
blood vessel formation, suggesting a promising approach to improve
vascularization in engineered tissues. These findings highlight
the importance of developpromising avenues to enhance our
understanding of anding bioactive scaffolds that actively support
angiogenesis, which is essential for the long-term success of tissue-
engineered constructs in bone and soft tissue repair.

6 Epigenetic regulation in
osteogenesis

The differentiation of mesenchymal stem cells (MSCs) into
osteoblasts is a tightly regulated process influenced by genetic and
epigenetic factors. In this Research Topic, Lai et al. examined the
impact of DNA methylation on the osteogenic differentiation of
MSCs in a review article, providing insights into how epigenetic
modifications regulate bone formation. Understanding these
mechanisms is critical for developing strategies that enhance bone
regeneration. By manipulating epigenetic regulators, researchers
may be able to improve the efficacy of stem cell-based therapies and
develop novel pharmacological interventions for the treatment of
osteoporosis and other bone disorders.

7 Stem cell therapies for bone
regeneration

Stem cell-based approaches hold immense promise for treating
complex bone defects. Teixeira et al. reported on the use of bone
marrow-derived mesenchymal stem cells (MSCs) to treat children
with osteonecrosis secondary to sickle cell disease. Their findings
suggest that MSC therapy can promote bone regeneration in this
patient population, highlighting the potential of stem cell-based
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approaches in addressing challenging bone repair scenarios. Given
the limited treatment options for osteonecrosis, particularly in
pediatric patients, these findings provide a foundation for the future
clinical application of MSC therapy in regenerative medicine.

8 Small extracellular vesicle therapy in
osteoarthritis

A systematic review by Gonzdlez-Rodriguez et al. synthesized
research from 2019 to 2025 on the therapeutic and biomarker
potential of small extracellular vesicles (SEVs) in osteoarthritis.
Focusing on sEVs derived from mesenchymal stem cells,
synoviocytes, chondrocytes, and induced pluripotent stem cells,
the review highlights their anti-inflammatory and regenerative
properties, demonstrating their efficacy in modulating the joint
microenvironment, prompting chondrogenesis, and reducing pain
across preclinical and early clinical settings. While the fundamental
understanding of osteoarthritis pathophysiology remains anchored
in well-established mechanisms, such as cartilage degradation,
inflammation, and subchondral bone alterations, the review
underscores significant progress in sSEV-based therapeutic research.
It emphasizes critical challenges, including the need for standardized
isolation protocols, elucidation of mechanistic pathways, and
navigation of regulatory hurdles, as essential next steps to realizing
the full potential of sEV therapies for osteoarthritis.

9 Muscle regeneration in vitro

In their study, Kase etal. introduced a simplified in vitro
model for skeletal muscle regeneration using primary mouse
cells, overcoming the limitations of complex culture systems. The
model evaluates macrophage-dependent regeneration in a two-
dimensional culture and reveals that endotoxin pre-stimulation
alters macrophage gene expression, significantly reducing their
contribution to muscle repair. These findings highlight the role
of macrophage responsiveness in regeneration efficiency and offer
a valuable tool for investigating the contributions of various cell
types, such as macrophages and muscle stem cells, to skeletal muscle
regeneration.

10 Future directions

The articles in this Research Topic deepen our understanding
of the intricate processes involved in tissue repair in the locomotor
apparatus, emphasizing the need for interdisciplinary approaches
that combine biomechanics, molecular biology, materials science,
and clinical research to develop more effective therapies. Future
research should focus on integrating mechanical and biological
factors in tissue engineering, investigating the role of epigenetic
regulation in tissue repair, and developing advanced biomaterials
that closely mimic the native tissue environment. Translating these
findings into clinical applications is also critical and requires
collaboration between scientists, engineers, and clinicians to create
innovative treatments that restore function and improve the
quality of life for individuals with musculoskeletal disorders.
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Emerging technologies, such as bioprinting, gene editing, and
machine learning-driven predictive models, hold great potential
to revolutionize the field. As researchers continue to refine
therapeutic strategies, the ultimate goal remains to develop
personalized solutions that enhance musculoskeletal tissue repair
and regeneration, bringing us closer to improving patient outcomes
and quality of life for those affected by musculoskeletal conditions.

Author contributions

MC: Writing - review and editing. KD: Writing - review
and editing. AR: Writing - review and editing. SD: Writing -
original draft.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Chehade, M. J., Yadav, L., Kopansky-Giles, D., Merolli, M., Palmer, E., Jayatilaka, A.,
et al. (2020). Innovations to improve access to musculoskeletal care. Best. Pract. Res.
Clin. Rheumatol. 34, 101559. doi:10.1016/j.berh.2020.101559

Gill, T. K., Mittinty, M. M., March, L. M., Steinmetz, J. D., Culbreth, G. T, Cross, M.,
et al. (2023). Global, regional, and national burden of other musculoskeletal disorders,
1990-2020, and projections to 2050: a systematic analysis of the global burden of disease
study 2021. Lancet Rheumatol. 5, ¢670-e682. doi:10.1016/S2665-9913(23)00232-1

Frontiers in Cell and Developmental Biology

04

10.3389/fcell.2025.1653787

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the
peer review process and the final decision.

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript. The graphical abstract was created using
OpenATs ChatGPT (GPT-4, image generation powered by DALL-E
model, version June 2025), accessed via ChatGPT Pro.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Sarkodie-Gyan, T., and Yu, H. (2023). “Significance in the understanding of
the human locomotor system,” in The human locomotor system: physiological

and  technological ~ foundations. Editors T. Sarkodie-Gyan, and H. Yu
(Cham: Springer International ~Publishing), 77-98. doi:10.1007/978-3-031-
32781-0_2

Vernengo, A., Sheyn, D., Gawri, R., and Buckley, M. (2023). Emerging technologies for
musculoskeletal disease modeling and regenerative medicine.

frontiersin.org


https://doi.org/10.3389/fcell.2025.1653787
https://doi.org/10.1016/j.berh.2020.101559
https://doi.org/10.1016/S2665-9913(23)00232-1
https://doi.org/10.1007/978-3-031-32781-0\string_2
https://doi.org/10.1007/978-3-031-32781-0\string_2
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org

	1 Introduction
	2 Innovative model for cartilage repair
	3 Advancements in biomimetic scaffolds
	4 Molecular insights into enthesis integrity
	5 Enhancing angiogenesis in tissue engineering
	6 Epigenetic regulation in osteogenesis
	7 Stem cell therapies for bone regeneration
	8 Small extracellular vesicle therapy in osteoarthritis
	9 Muscle regeneration in vitro
	10 Future directions
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References

