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ABSTRACT

Avascular necrosis of the femoral head is a serious condition that leads to joint dysfunction and pain, with tradi-
tional treatment methods proving to be limited in their effectiveness. In recent years, cell therapy has emerged
as a promising therapeutic approach, drawing significant attention within the medical community. This review
comprehensively examines the current status of cell therapy in the treatment of avascular necrosis, focusing on
the therapeutic effects of various cell types, their underlying mechanisms, advancements in clinical research,
and future directions in this field. By analysing existing literature, this paper aims to provide insights for clinical
practice and discuss the potential advantages and challenges associated with cell therapy.
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Introduction

Avascular necrosis (AVN), also known as osteonecrosis, is a patho-
logical condition characterized by the death of bone tissue due to a
lack of blood supply [1,2]. Traditional treatment methods for AVN,
including core decompression and total hip arthroplasty, have shown
limited effectiveness, particularly in the early stages of the disease.
These methods often fail to address the underlying pathophysiolog-
ical processes and do not promote true regeneration of the necrotic
bone [3]. In recent years, there has been a significant shift towards
exploring innovative treatment strategies, particularly cellular ther-
apies. These therapies leverage the regenerative potential of various
cell types, including mesenchymal stem cells (MSCs), to promote bone
repair and regeneration. Cellular therapy holds great promise in the
orthopaedic field, as it offers a more targeted approach to treatment,
potentially addressing both the symptoms and the underlying causes

of AVN [4,5]. This review aims to discuss the definitions, epidemiolo-
gy, limitations of traditional treatments, and the emerging role of cel-
lular therapies in managing AVN of the femoral head.

Overview of Cellular Therapy
Basic Concepts of Cellular Therapy

Definition and Classification: Cellular therapy refers to the ad-
ministration of living cells to treat various diseases and conditions. It
encompasses a wide range of therapeutic strategies, including stem
cell therapy, immune cell therapy, and tissue engineering. In the con-
text of bone repair, cellular therapy primarily involves the use of stem
cells, which are undifferentiated cells capable of self-renewal and dif-
ferentiation into specialized cell types [6]. The use of MSCs, particu-
larly those derived from bone marrow or adipose tissue, has gained
traction due to their ability to differentiate into osteoblasts and pro-
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mote bone regeneration. Furthermore, MSCs exert paracrine effects,
releasing bioactive factors that modulate inflammation and enhance
the healing process [7,8].

Role of Cellular Therapy in Bone Tissue Repair: Cellular
therapy’s role in bone tissue repair is multifaceted. It not only aims
to replace lost or damaged tissue but also to create a conducive en-
vironment for healing through the secretion of growth factors and
cytokines. Studies have shown that MSCs can enhance angiogenesis,
reduce inflammation, and stimulate the proliferation and differentia-
tion of local progenitor cells, thereby facilitating the repair of osteo-
necrotic lesions [5,9]. In addition to MSCs, other cell types such as im-
mune cells and genetically modified cells (e.g., CAR-T cells) are being
investigated for their potential roles in treating AVN. These innovative
approaches may provide synergistic effects, combining the regenera-
tive capabilities of stem cells with the targeted action of immune ther-
apies [10,11]. Overall, cellular therapy represents a promising fron-
tier in the treatment of AVN, with the potential to improve outcomes
significantly compared to traditional methods. Through this review,
we will further explore the mechanisms, applications, and future di-
rections of cellular therapy in the management of avascular necrosis
of the femoral head.

Cell Types and Their Application in Femoral Head Necro-
sis

Bone Marrow Mesenchymal Stem Cells (BMSC): Bone marrow
mesenchymal stem cells (BMSCs) are increasingly recognized for
their potential in the treatment of femoral head necrosis (FHN) due to
their unique regenerative properties. BMSCs possess the ability to dif-
ferentiate into various cell types, including osteoblasts, which are cru-
cial for bone formation and repair. Recent studies have demonstrated
that BMSCs can enhance angiogenesis and promote osteogenesis in
the context of avascular necrosis, particularly when combined with
biomaterials such as hydrogels. For instance, injectable hydrogels in-
corporating angiogenesis-stimulating peptides have shown to boost
the proliferation and differentiation of BMSCs, leading to improved
outcomes in animal models of FHN [12]. Moreover, the paracrine ef-
fects of BMSCs, such as the release of growth factors and cytokines,
play a significant role in modulating the local microenvironment,
thereby facilitating tissue repair and regeneration [13]. The therapeu-
tic application of BMSCs in FHN is further supported by their ability
to mitigate oxidative stress and apoptosis, which are critical factors in
the pathogenesis of necrosis [14]. Overall, BMSCs represent a prom-
ising cell type for regenerative strategies aimed at treating femoral
head necrosis.

Adipose-Derived Stem Cells (ADSC): Adipose-derived stem
cells (ADSCs) have emerged as a viable alternative to BMSCs in the
treatment of femoral head necrosis due to their abundance and ease
of harvest. ADSCs possess similar multipotent capabilities, allowing
them to differentiate into osteogenic and chondrogenic lineages,

which are essential for bone healing [15]. Recent research highlights
the role of ADSC-derived exosomes in enhancing the regenerative pro-
cess. These exosomes are rich in growth factors and have been shown
to promote angiogenesis and inhibit apoptosis in osteoblasts, thereby
improving bone regeneration in FHN models [16]. Moreover, studies
have indicated that ADSCs can be preconditioned to enhance their
therapeutic efficacy, particularly through the modulation of signal-
ling pathways that govern cell proliferation and differentiation [17].
The potential of ADSCs in FHN treatment is further underscored by
their ability to secrete anti-inflammatory cytokines, which can help
mitigate the inflammatory response associated with necrosis [18]. As
such, ADSCs represent a promising avenue for therapeutic interven-
tion in femoral head necrosis.

Embryonic Stem Cells (ESC) and Induced Pluripotent Stem
Cells (iPSC): Embryonic stem cells (ESC) and induced pluripotent
stem cells (iPSC) hold significant promise for regenerative medicine,
including the treatment of femoral head necrosis. ESCs are charac-
terized by their ability to differentiate into any cell type, providing
a versatile platform for tissue engineering applications [19]. Recent
advancements in stem cell technology have enabled the generation of
iPSCs from somatic cells, which can also differentiate into osteoblasts
and other relevant cell types for bone regeneration [20]. The applica-
tion of iPSCs in FHN is particularly appealing due to their potential for
autologous transplantation, minimizing the risk of immune rejection
[21]. Furthermore, studies have shown that both ESCs and iPSCs can
be engineered to enhance their regenerative capabilities through ge-
netic modifications or by optimizing their culture conditions [22]. The
ability of these pluripotent stem cells to secrete a variety of growth
factors also contributes to their therapeutic potential by promoting
angiogenesis and reducing apoptosis in surrounding tissues [23]. In
conclusion, ESCs and iPSCs represent a cutting-edge approach to ad-
dress the challenges associated with femoral head necrosis, offering
new avenues for research and clinical application.

Mechanisms of Cell Therapy

Biological Mechanisms Promoting Bone Regeneration: Bone
possesses a remarkable ability to regenerate, a characteristic that has
been extensively studied in the context of cell therapy. The biological
mechanisms underlying this regenerative capacity involve a complex
interplay between various cell types, signalling pathways, and ex-
tracellular matrix components. Specifically, mesenchymal stem cells
(MSCs) play a pivotal role in bone healing by differentiating into os-
teoblasts, which are essential for new bone formation. Additionally,
these stem cells secrete a variety of cytokines and growth factors that
modulate the local microenvironment, promoting angiogenesis and
recruiting other cell types necessary for tissue repair [24].

Recent studies have highlighted the significance of the immune
response in bone regeneration. Immune cells, particularly macro-
phages, have been shown to switch between pro-inflammatory and
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anti-inflammatory states, which can either promote or inhibit osteo-
genesis. This dynamic balance is crucial for creating a favourable en-
vironment for bone healing [25].

Furthermore, the presence of bioactive materials, such as calci-
um-phosphate compounds and nanomaterials, can enhance the me-
chanical and biological properties of scaffolds used in bone tissue
engineering, thereby facilitating better integration and regeneration
of bone tissue [26]. The cellular and molecular mechanisms involved
in bone regeneration are also influenced by mechanical stimuli. Re-
search indicates that applying mechanical forces can enhance the
proliferation and differentiation of osteoblasts, contributing to im-
proved bone formation. This mechanotransduction process is critical,
especially in the context of scaffold design for bone regeneration [27].
Overall, understanding these biological mechanisms is essential for
optimizing cell therapy strategies aimed at enhancing bone regener-
ation.

Role of Cytokines and Growth Factors: Cytokines and growth
factors are pivotal in orchestrating the complex processes involved
in bone regeneration. These signaling molecules facilitate communi-
cation between cells and play crucial roles in cell proliferation, dif-
ferentiation, and survival. Among the various cytokines, bone mor-
phogenetic proteins (BMPs) have garnered significant attention for
their ability to induce osteogenesis and enhance bone healing. BMPs
stimulate the differentiation of MSCs into osteoblasts, thereby pro-
moting new bone formation [28]. Additionally, vascular endothelial
growth factor (VEGF) is essential for angiogenesis, which is critical
for supplying nutrients and oxygen to the regenerating bone tissue.
The interplay between VEGF and BMPs is particularly important, as
adequate vascularization is necessary for effective bone healing [29].
Other cytokines, such as interleukin-6 (IL-6) and tumor necrosis fac-
tor-alpha (TNF-a), can modulate the inflammatory response during
the healing process, influencing the balance between bone formation
and resorption [25]. The therapeutic application of these cytokines
and growth factors has been explored in various preclinical and
clinical settings. For instance, local delivery of BMPs in combination
with scaffolds has shown promise in enhancing bone regeneration
in critical-sized defects [30]. However, challenges remain regarding
the optimal dosing, timing, and delivery methods for these bioactive
molecules to maximize their therapeutic potential while minimizing
adverse effects [27]. Future research should focus on refining these
approaches to harness the full capabilities of cytokines and growth
factors in cell therapy for bone regeneration.

Clinical Research Progress

Existing Clinical Trial Results: Recent clinical trials have pro-
vided significant insights into various medical conditions and their
treatment modalities. For instance, the study on the efficacy of intra-
coronary cell-based therapy in acute myocardial infarction revealed
insufficient effects, prompting further investigation into alternative

delivery methods of reparative cells in ischemic heart failure (iHF) pa-
tients. A meta-analysis encompassing individual patient data demon-
strated that percutaneous transendocardial cell therapy significantly
improved survival rates and cardiac performance, indicating its po-
tential as a safe and effective treatment for patients with chronic iHF
[31]. Similarly, the use of mesenchymal stem cells (MSCs) in treating
perianal fistulizing Crohn’s disease has shown promising results, with
a significant odds ratio for remission compared to controls, suggest-
ing MSCs could be a viable adjunct therapy [32]. Moreover, a system-
atic review of CAR T-cell therapy for relapsed/refractory B-cell acute
lymphoblastic leukemia (B-ALL) indicated high rates of minimal re-
sidual disease-negative complete remission, although concerns about
adverse events such as cytokine release syndrome remain [33]. These
findings collectively underscore the dynamic landscape of clinical re-
search, highlighting both the advancements and challenges in evolv-
ing treatment modalities.

Treatment Efficacy Assessment Standards: The evaluation of
treatment efficacy is crucial for determining the success of clinical
interventions and guiding future research. Various standards have
emerged to assess treatment outcomes, notably the minimum clin-
ically important difference (MCID), which quantifies the smallest
change in outcomes that patients perceive as beneficial. For instance,
in knee osteoarthritis, the variability in MCIDs across guidelines com-
plicates treatment recommendations, emphasizing the need for con-
sensus on defining clinically significant outcomes [34]. Additionally,
the use of standardized reporting criteria, such as the American Acad-
emy of Otolaryngology-Head and Neck Surgery (AAO-HNS) guide-
lines for intratympanic steroid treatment of sudden sensorineural
hearing loss, has been advocated to ensure consistency in outcome
assessment across studies [35]. Furthermore, systematic reviews and
meta-analyses have become essential tools in synthesizing data from
multiple studies to provide a comprehensive evaluation of treatment
efficacy, as seen in the analysis of CAR T-cell therapy for acute myeloid
leukemia, which highlighted the importance of stratifying outcomes
based on treatment regimens and patient characteristics [36]. These
standards not only enhance the reliability of clinical findings but also
facilitate informed decision-making in patient care.

Safety and Efficacy Analysis of Cell Therapy: Cell therapy has
gained traction as a promising treatment modality across various
medical fields, yet its safety and efficacy remain subjects of ongo-
ing research. A systematic review of stem cell therapy for advanced
heart failure demonstrated significant improvements in left ventric-
ular ejection fraction and end-systolic volume, suggesting that this
approach may enhance cardiac function without increasing mortality
risk [37]. However, concerns about safety profiles persist, particularly
regarding adverse events associated with treatments like CAR T-cell
therapy, where the incidence of cytokine release syndrome and neu-
rotoxicity can complicate patient outcomes [33]. The meta-analysis of
MSCs for perianal fistulizing Crohn’s disease indicated that while the
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therapy is effective, the occurrence of treatment-emergent adverse
events remains comparable to control groups, underscoring the ne-
cessity for rigorous safety monitoring [32]. Furthermore, the analy-
sis of various delivery methods for cell-based therapies emphasizes
the need for tailored approaches that consider patient-specific fac-
tors and the underlying pathology to optimize therapeutic outcomes
while minimizing risks [31]. As research progresses, establishing ro-
bust safety and efficacy profiles will be essential for integrating cell
therapy into standard clinical practice effectively.

Future Directions and Challenges

Technological Advances and Innovations: The landscape of
medical technology is rapidly evolving, driven by advancements in
genomics, artificial intelligence, and digital health applications. These
innovations hold the potential to transform patient care by facilitating
personalized medicine, enhancing diagnostic accuracy, and streamlin-
ing treatment protocols. For instance, the integration of genomic se-
quencing into routine clinical practice allows for the identification of
actionable mutations in cancer patients, enabling targeted therapies
tailored to individual genetic profiles. However, despite the promise
of precision medicine, the clinical application of such technologies
remains limited to a small fraction of patients due to challenges in
accessibility and the need for further validation of these approaches
in diverse populations [38]. Moreover, the implementation of artificial
intelligence in radiology and other specialties is still in its infancy, fac-
ing hurdles related to regulatory approval and ethical considerations
surrounding patient data privacy [39]. As technology continues to
advance, it is crucial for healthcare systems to adapt and integrate
these innovations effectively to maximize their potential benefits for
patient outcomes.

Ethical Issues and Regulatory Challenges: With the rapid pace
of technological advancement in healthcare, ethical and regulatory
challenges have emerged as critical areas of concern. The develop-
ment of new therapies, particularly those involving genetic manipu-
lation and biobanking, raises significant ethical questions regarding
informed consent, the moral status of biological materials, and poten-
tial misuse of genetic information [40]. Furthermore, the regulatory
landscape is often lagging behind technological progress, leading to
uncertainties around approval processes and compliance require-
ments for novel therapies [40]. As healthcare providers and research-
ers navigate these complexities, it is essential to establish robust eth-
ical frameworks and regulatory guidelines that ensure patient safety
while fostering innovation. This requires ongoing dialogue among
stakeholders, including ethicists, regulators, and the scientific com-
munity, to address the multifaceted challenges posed by emerging
technologies and to develop policies that promote responsible re-
search and clinical practice [41].

Individualization of Cell Therapy and Precision Medicine:
The shift towards personalized medicine is particularly evident in

the field of cell therapy, where treatments are increasingly tailored
to the individual characteristics of patients. This approach not only
enhances therapeutic efficacy but also minimizes adverse effects by
considering the unique genetic and phenotypic profiles of patients.
For example, advancements in stem cell research have opened new
avenues for regenerative medicine, allowing for the development of
personalized therapies for conditions such as cancer and rare genetic
disorders [42]. However, the realization of fully individualized ther-
apies faces several challenges, including the need for standardized
protocols for cell sourcing, processing, and application, as well as the
ethical implications of manipulating human cells [43]. Furthermore,
the integration of precision medicine into clinical practice necessi-
tates a multidisciplinary approach, involving collaboration between
geneticists, clinicians, and bioethicists to ensure that treatments are
both effective and ethically sound. As the field continues to evolve,
addressing these challenges will be crucial for unlocking the full po-
tential of personalized cell therapies in improving patient outcomes
and advancing healthcare as a whole [44].

Discussion

In conclusion, the current landscape of cell therapy for avascular
necrosis of the femoral head (ANFH) presents a promising yet com-
plex picture. As highlighted throughout this review, cell therapy, par-
ticularly utilizing stem cells, shows significant potential in promoting
cartilage regeneration and enhancing the healing process within the
affected bone. The advantages of such therapies include their ability
to not only alleviate symptoms but also address the underlying patho-
logical mechanisms of ANFH, thereby potentially offering a more du-
rable solution compared to traditional treatment modalities. However,
the field still faces challenges, including variability in patient respons-
es and the need for standardized protocols. Discrepancies in research
findings, particularly regarding the types of stem cells used and their
methods of administration, underscore the necessity for further in-
vestigations. This complexity necessitates a balanced approach to in-
terpreting the available evidence, as differing perspectives can lead to
confusion in clinical practice and patient management [45-49].

Future research must prioritize large-scale, multicentric clin-
ical trials that not only validate the efficacy of various cell therapy
approaches but also explore the optimal conditions for their applica-
tion. Additionally, it is essential to investigate the long-term outcomes
of these treatments, as well as their cost-effectiveness compared to
existing interventions. To promote the advancement of cell therapy in
the clinical setting, collaboration between researchers, clinicians, and
regulatory bodies is crucial. Establishing clear guidelines and bench-
marks for cell therapy applications can help standardize treatment
protocols and improve patient outcomes. Furthermore, educating
healthcare professionals about the potential and limitations of cell
therapies will be vital in integrating these innovative approaches into
routine practice.
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Conclusion

In summary, while cell therapy for ANFH holds substantial prom-
ise, concerted efforts are needed to address the existing gaps in re-
search and clinical application. By fostering a collaborative environ-
ment and prioritizing rigorous scientific inquiry, we can pave the way
for more effective and widely accepted treatment options for patients
suffering from this debilitating condition.

Self-Assessment Questions

1.  Therole of cell therapy in bone tissue repair: The role of cell
therapy in bone tissue repair is multifaceted. It aims not only to
replace lost or damaged tissue but also to create a healing envi-
ronment by secreting growth factors and cytokines.

2. The application prospects of cell therapy in avascular necro-
sis of the femoral head Cell therapy has great potential in the field
of orthopedics as it offers a more targeted treatment approach
that may address both the symptoms and underlying causes of
AVN.

3. Clinical research progress in cell therapy: Cell therapy, as a
promising treatment method, has gained attention across various
medical fields and is being applied clinically.

4.  How do different cell types affect treatment outcomes? The
regenerative potential of different cell types varies, and further
research is needed to determine how to select the appropriate
cell therapy for specific diseases.

5. Future directions of cell therapy: Research in cell therapy
has opened new avenues for regenerative medicine, enhancing
treatment efficacy, but further efforts are needed to address the
gaps in research and clinical application.

Acknowledgments

We sincerely thank Dawei Zhang for his valuable insights and
contributions to data analysis. We also appreciate Xiaohan Sun for his
assistance in article design and methodology. Additionally, we thank
Jiang Peng for his support in the article’s ideas and result interpreta-
tion. Their expertise and collaboration were crucial to the success of
this research.

Funding
Beijing Natural Science Foundation, ID:24L20608.
Data availability

Data were included in article/referenced in article. No new data
were generated or analysed in support of this research.

Conflict of Interest Statement

The authors declare that they have no competing financial inter-
ests or personal relationships that may have influenced the work re-
ported in this study.

Ethics Declarations

Review and/or approval by an ethics committee was not needed
for this study because animal experiments or clinical studies are not
required for this study.

References

1. Gun BK, Frank, Ryan W Gratton, Julia O Bader, Nicholas Kusnezov, et al.
(2020) Non-modifiable Risk Factors Associated with Avascular Necrosis in
the US Military. Mil Med 185(1-2): e178-e182.

2. Chinnadurai S, Chilukuri, Bhuvanesh Mahendran, Vignesh Mantharam,
Balameena Selvakumar, et al. (2020) Clinical profile of osteonecrosis in
systemic lupus erythematosus - Experience from a tertiary care centre in
South India. ] Family Med Prim Care 9(8): 4363-4367.

3. Pavelka T, Salasek, P Barta, F Fridrich, V Dzupa (2019) [Avascular Necro-
sis of Femoral Head and Coxarthrosis Progression after Acetabular Frac-
tures]. Acta Chir Orthop Traumatol Cech 86(6): 381-389.

4. Tan B, Wenlong Li, Ping Zeng, Haoshan Guo, Zeqing Huang, et al. (2021)
Epidemiological Study Based on China Osteonecrosis of the Femoral Head
Database. Orthop Surg 13(1): 153-160.

5. Sun W, Zhao, Yanwei Wang, Kuishuai Xu, Lin Jin, et al. (2023) Epidemi-
ological Characteristics and Trends of Primary Hip Arthroplasty in Five
Tertiary Hospitals: A Multicenter Retrospective Study. Orthop Surg 15(9):
2267-2273.

6. Subu MA, Holmes, Ashokan Arumugam, Nabeel Al-Yateem, Jacqueline Ma-
ria Dias, et al. (2022) Traditional, religious, and cultural perspectives on
mental illness: a qualitative study on causal beliefs and treatment use. Int
J Qual Stud Health Well-being 17(1): 2123090.

7. Czerwiec K, Zawrzykraj, Milena Deptuta, Aneta Skoniecka, Agata Tymins-
ka, et al. (2023) Adipose-Derived Mesenchymal Stromal Cells in Basic Re-
search and Clinical Applications. Int ] Mol Sci 24(4).

8. Ma M, Cui, Youwen Liu, Yanfeng Tang, Xiaoshuai Lu, et al. (2023) Mesen-
chymal stem cell-derived extracellular vesicles, osteoimmunology and or-
thopedic diseases. Peer] 11: e14677.

9. Hazrati A, Mirsanei, Neda Heidari, Kosar Malekpour, Nasim Rahmani
Kukia, et al. (2023) The potential application of encapsulated exosomes:
A new approach to increase exosomes therapeutic efficacy. Blomed Phar-
macother 162: 114615.

10. Yu L, Dou, Huijuan Kuang, Lili Bao, Huan Liu, et al. (2024) Apoptotic Extra-
cellular Vesicles Induced Endothelial Cell-Mediated Autologous Stem Cell
Recruitment Dominates Allogeneic Stem Cell Therapeutic Mechanism for
Bone Repair. ACS Nano 18(12): 8718-8732.

11. Rathod RJ, Sukumaran, Neelam Kedia, Jeevan Kumar, Reena Nair, et al.
(2024) Chimeric Antigen Receptor T-cell based cellular therapies for can-
cer: An introduction and Indian perspective. Indian ] Cancer 61(2): 204-
214.

12. Peyravian N, Milan, Maziar Malekzadeh Kebria, Shohreh Mashayekhan,
Melina Ghasemian, et al. (2024) Designing and synthesis of injectable
hydrogel based on carboxymethyl cellulose/carboxymethyl chitosan con-
taining QK peptide for femoral head osteonecrosis healing. Int ] Biol Mac-
romol 270(Pt 1): 132127.

13. Lei, H, Zhou, Lei Liu, Canyu Gao, Zixuan Su, et al. (2023) Icariin-loaded
3D-printed porous Ti6Al4V reconstruction rods for the treatment of ne-
crotic femoral heads. Acta Biomater 169: 625-640.

14. Fan ZQ, Bai, Qian Xu, Zhi Jun Li, Wen Hao Cui, et al. (2021) Oxidative
Stress Induced Osteocyte Apoptosis in Steroid-Induced Femoral Head
Necrosis. Orthop Surg 13(7): 2145-2152.

Copyright@ : Jiang Peng | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009869.

55419


https://dx.doi.org/10.26717/BJSTR.2025.63.009869
https://pubmed.ncbi.nlm.nih.gov/31184698/
https://pubmed.ncbi.nlm.nih.gov/31184698/
https://pubmed.ncbi.nlm.nih.gov/31184698/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7586507/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7586507/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7586507/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7586507/
https://pubmed.ncbi.nlm.nih.gov/31941564/
https://pubmed.ncbi.nlm.nih.gov/31941564/
https://pubmed.ncbi.nlm.nih.gov/31941564/
https://pubmed.ncbi.nlm.nih.gov/33347709/
https://pubmed.ncbi.nlm.nih.gov/33347709/
https://pubmed.ncbi.nlm.nih.gov/33347709/
https://pubmed.ncbi.nlm.nih.gov/37431577/
https://pubmed.ncbi.nlm.nih.gov/37431577/
https://pubmed.ncbi.nlm.nih.gov/37431577/
https://pubmed.ncbi.nlm.nih.gov/37431577/
https://pubmed.ncbi.nlm.nih.gov/36097886/
https://pubmed.ncbi.nlm.nih.gov/36097886/
https://pubmed.ncbi.nlm.nih.gov/36097886/
https://pubmed.ncbi.nlm.nih.gov/36097886/
https://pubmed.ncbi.nlm.nih.gov/36835295/
https://pubmed.ncbi.nlm.nih.gov/36835295/
https://pubmed.ncbi.nlm.nih.gov/36835295/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9881470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9881470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9881470/
https://www.sciencedirect.com/science/article/pii/S0753332223004031
https://www.sciencedirect.com/science/article/pii/S0753332223004031
https://www.sciencedirect.com/science/article/pii/S0753332223004031
https://www.sciencedirect.com/science/article/pii/S0753332223004031
https://pubmed.ncbi.nlm.nih.gov/38465955/
https://pubmed.ncbi.nlm.nih.gov/38465955/
https://pubmed.ncbi.nlm.nih.gov/38465955/
https://pubmed.ncbi.nlm.nih.gov/38465955/
https://pubmed.ncbi.nlm.nih.gov/39152647/
https://pubmed.ncbi.nlm.nih.gov/39152647/
https://pubmed.ncbi.nlm.nih.gov/39152647/
https://pubmed.ncbi.nlm.nih.gov/39152647/
https://pubmed.ncbi.nlm.nih.gov/38718991/
https://pubmed.ncbi.nlm.nih.gov/38718991/
https://pubmed.ncbi.nlm.nih.gov/38718991/
https://pubmed.ncbi.nlm.nih.gov/38718991/
https://pubmed.ncbi.nlm.nih.gov/38718991/
https://pubmed.ncbi.nlm.nih.gov/37536494/
https://pubmed.ncbi.nlm.nih.gov/37536494/
https://pubmed.ncbi.nlm.nih.gov/37536494/
https://pubmed.ncbi.nlm.nih.gov/34559465/
https://pubmed.ncbi.nlm.nih.gov/34559465/
https://pubmed.ncbi.nlm.nih.gov/34559465/

Volume 63- Issue 2

DOI: 10.26717/B]JSTR.2025.63.009869

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Arif, F, Rahman, Ceemal Fareed Khan (2023) Adipose derived stem cells
for the peripheral nerve regeneration: review of techniques and clinical
implications. ] Pak Med Assoc 73(Suppl 1)(2): S148-S154.

Peng P, Wang, Chen Qiu, Wendi Zheng, Hongjun Zhang (2023) Extracellu-
lar vesicles from human umbilical cord mesenchymal stem cells prevent
steroid-induced avascular necrosis of the femoral head via the PI3K/AKT
pathway. Food Chem Toxicol 180:114004.

Lin Z, Shibuya, Yukiko Imai, Junya Oshima, Masahiro Sasaki, et al. (2023)
Therapeutic Potential of Adipose-Derived Stem Cell-Conditioned Me-
dium and Extracellular Vesicles in an In Vitro  Radiation-Induced Skin
Injury Model. Int ] Mol Sci 24(24).

Le$niak M, Zdanowski, Milena Suska, Aleksandra Brewczynska, Wanda
Stankiewicz, et al. (2018) Effects of Hexachlorophene, a Chemical Accu-
mulating in Adipose Tissue, on Mouse and Human Mesenchymal Stem
Cells. Tissue Eng Regen Med 15(2): 211-222.

Kang, X, Li (2020) Landscape inferred from gene expression data governs
pluripotency in embryonic stem cells. Comput Struct Biotechnol ] 18: 366-
374.

Kishimoto K, Shimada, Haruka Shinohara, Tsukasa Takahashi, Yuko Ya-
mada, et al. (2021) Establishment of novel common marmoset embryonic
stem cell lines under various conditions. Stem Cell Res 53: 102252.

Khanchandani P, Narayanan, Ashwin A Naik, Vishnu Kannan, Sai Sanwid
Pradhan, etal. (2024) Clinical Characteristics, Current Treatment Options,
Potential Mechanisms, Biomarkers, and Therapeutic Targets in Avascular
Necrosis of Femoral Head. Med Princ Pract 33(6): 519-536.

Lu W, Xu, Boxiong Deng, Jianing Zhang, Ying Zhan, et al. (2022) PDGFD
switches on stem cell endothelial commitment. Angiogenesis 25(4): 517-
533.

Liu M, Li, Wanrong Fu, Mengyu Wang, Yangyang Liu, et al. (2021) Induced
pluripotent stem cell (iPSC) line (ZZUNEUi009-A) from a healthy female

individual. Stem Cell Res 53: 102275.

Shah HN, Jones, Mimi R Borrelli, Kiana Robertson, Ankit Salhotra, et al.
(2021) Craniofacial and Long Bone Development in the Context of Distrac-
tion Osteogenesis. Plast Reconstr Surg 147(1): 54e-65e.

Cui Y, Li, Yaxin Lia, Lixia Mao (2022) Novel insights into nanomaterials
for immunomodulatory bone regeneration. Nanoscale Adv 4(2): 334-352.

Fu 'Y, Cui, Dan Luo, Yan Liu (2021) Novel Inorganic Nanomaterial-Based
Therapy for Bone Tissue Regeneration. Nanomaterials (Basel) 11(3).

Perier Metz C, Duda, Sara Checa (2021) Initial mechanical conditions
within an optimized bone scaffold do not ensure bone regeneration - an in
silico analysis. Biomech Model Mechanobiol 20(5): 1723-1731.

Chen S, Chen, Zhen Geng, Jiacan Su (2022) The horizon of bone organoid:
A perspective on construction and application. Bioact Mater 18: 15-25.

Bai L, Tao, Maogeng Feng, Yuping Xie, Shuyu Cai, et al. (2023) Hydrogel
Drug Delivery Systems for Bone Regeneration. Pharmaceutics 15(5).

Shao R, Dong, Songou Zhang, Xudong Wu, Xiaogang Huang, et al. (2022)
State of the art of bone biomaterials and their interactions with stem cells:
Current state and future directions. Biotechnol | 17(4): e2100074.

Gyongyosi M, Pokushalov, Aleksander Romanov, Emerson Perin, Joshua
M Hare, et al. (2022) Meta-Analysis of Percutaneous Endomyocardial Cell
Therapy in Patients with Ischemic Heart Failure by Combination of Indi-
vidual Patient Data (IPD) of ACCRUE and Publication-Based Aggregate
Data. ] Clin Med 11(11).

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Li A, Liu, Laiyuan Li, Minhao Yu (2023) Mesenchymal Stem Cells Versus
Placebo for Perianal Fistulizing Crohn’s Disease: A Systemic Review and
Meta-Analysis. Surg Innov 30(3): 398-405.

Willyanto SE, Alimsjah, Krisanto Tanjaya, Aekkachai Tuekprakhon, Aulia
Rahmi Pawestri (2024) Comprehensive analysis of the efficacy and safety
of CAR T-cell therapy in patients with relapsed or refractory B-cell acute
lymphoblastic leukaemia: a systematic review and meta-analysis. Ann
Med 56(1): 2349796.

Concoff A, Rosen, Freddie Fu, Mohit Bhandari, Kevin Boyer, et al. (2019) A
Comparison of Treatment Effects for Nonsurgical Therapies and the Mini-
mum Clinically Important Difference in Knee Osteoarthritis: A Systematic
Review. ]BJS Rev 7(8): e5.

Osafo NK, Friedland, Michael S Harris, Jazzmyne Adams, Chasity Davis, et
al. (2022) Standardization of Outcome Measures for Intratympanic Ste-
roid Treatment for Idiopathic Sudden Sensorineural Hearing Loss. Otol
Neurotol 43(10): 1137-1143.

Morsy MM, Azzam, Osman Elamin, Adam Elswedy, Abdulqadir ] Nashwan
(2024) Safety and efficacy of chimeric antigen receptor T-cell therapy for
acute myeloid leukemia: A subgroup based meta-analysis. Leuk Res 140:
107498.

Jayaraj JS, Janapala, Aisha Qaseem, Norina Usman, Nida Fathima, et al.
(2019) Efficacy and Safety of Stem Cell Therapy in Advanced Heart Fail-
ure Patients: A Systematic Review with a Meta-analysis of Recent Trials
Between 2017 and 2019. Cureus 11(9): e5585.

Kiyotani K, Toyoshima, Yusuke Nakamura (2021) Personalized immuno-
therapy in cancer precision medicine. Cancer Biol Med 18(4): 955-965.

Harvey HB, Gowda (2021) Regulatory Issues and Challenges to Artificial
Intelligence Adoption. Radiol Clin North Am 59(6): 1075-1083.

Beretta G, Marelli, (2023) Fast-tracking development and regulatory ap-
proval of COVID-19 vaccines in the EU: A review of ethical implications.
Bioethics 37(5): 498-507.

Iltis AS, Koster, Emily Reeves, Kirstin R W Matthews (2023) Ethical, legal,
regulatory, and policy issues concerning embryoids: a systematic review
of the literature. Stem Cell Res Ther 14(1): 209.

Smith WR, Valrie, Cheedy Jaja, Martha O Kenney (2023) Precision, integra-
tive medicine for pain management in sickle cell disease. Front Pain Res
(Lausanne) 4: 1279361.

Wang L, Wang, Weiwen Zhang (2021) Bioethics in China’s Biosecurity
Law: forms, effects, and unsettled issues. ] Law Biosci 8(1): 1sab019.

Didiasova M, Banning, Ritva Tikkanen (2024) Development of precision
therapies for rare inborn errors of metabolism: Functional investigations
in cell culture models. ] Inherit Metab Dis 47(3): 509-516.

Akimoto Takeshi, Kawamura Kenji, Takaaki Wada, Naomichi Ishihara,
Akane Yokota, et al. (2022) Gait cycle time variability in patients with knee
osteoarthritis and its possible associating factors. | Phys Ther Sci 34(2):

140-145.

Xu Yingxing, Jiang Yaping, ChangSuo Xia, Yingzhen Wang, Zhiping Zhao, et
al. (2020) Stem cell therapy for osteonecrosis of femoral head: Opportuni-
ties and challenges. Regen Ther 15: 295-304.

Wang Zhan, Sun Qi Meng, Fu Qiang Zhang, Qun Li Zhang, Li Guo Wang, et
al. (2019) Core decompression combined with autologous bone marrow
stem cells versus core decompression alone for patients with osteonecro-
sis of the femoral head: A meta-analysis. Int ] Surg 69: 23-31.

Copyright@ :

Jiang Peng | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009869.

55420


https://dx.doi.org/10.26717/BJSTR.2025.63.009869
https://pubmed.ncbi.nlm.nih.gov/36788407/
https://pubmed.ncbi.nlm.nih.gov/36788407/
https://pubmed.ncbi.nlm.nih.gov/36788407/
https://pubmed.ncbi.nlm.nih.gov/37634611/
https://pubmed.ncbi.nlm.nih.gov/37634611/
https://pubmed.ncbi.nlm.nih.gov/37634611/
https://pubmed.ncbi.nlm.nih.gov/37634611/
https://pubmed.ncbi.nlm.nih.gov/38139042/
https://pubmed.ncbi.nlm.nih.gov/38139042/
https://pubmed.ncbi.nlm.nih.gov/38139042/
https://pubmed.ncbi.nlm.nih.gov/38139042/
https://pubmed.ncbi.nlm.nih.gov/30603548/
https://pubmed.ncbi.nlm.nih.gov/30603548/
https://pubmed.ncbi.nlm.nih.gov/30603548/
https://pubmed.ncbi.nlm.nih.gov/30603548/
https://pubmed.ncbi.nlm.nih.gov/32128066/
https://pubmed.ncbi.nlm.nih.gov/32128066/
https://pubmed.ncbi.nlm.nih.gov/32128066/
https://pubmed.ncbi.nlm.nih.gov/33711687/
https://pubmed.ncbi.nlm.nih.gov/33711687/
https://pubmed.ncbi.nlm.nih.gov/33711687/
https://pubmed.ncbi.nlm.nih.gov/39168116/
https://pubmed.ncbi.nlm.nih.gov/39168116/
https://pubmed.ncbi.nlm.nih.gov/39168116/
https://pubmed.ncbi.nlm.nih.gov/39168116/
https://pubmed.ncbi.nlm.nih.gov/35859222/
https://pubmed.ncbi.nlm.nih.gov/35859222/
https://pubmed.ncbi.nlm.nih.gov/35859222/
https://www.sciencedirect.com/science/article/pii/S1873506121001215
https://www.sciencedirect.com/science/article/pii/S1873506121001215
https://www.sciencedirect.com/science/article/pii/S1873506121001215
https://pubmed.ncbi.nlm.nih.gov/33370054/
https://pubmed.ncbi.nlm.nih.gov/33370054/
https://pubmed.ncbi.nlm.nih.gov/33370054/
https://pubs.rsc.org/en/content/articlelanding/2022/na/d1na00741f
https://pubs.rsc.org/en/content/articlelanding/2022/na/d1na00741f
https://www.mdpi.com/2079-4991/11/3/789
https://www.mdpi.com/2079-4991/11/3/789
https://pubmed.ncbi.nlm.nih.gov/34097188/
https://pubmed.ncbi.nlm.nih.gov/34097188/
https://pubmed.ncbi.nlm.nih.gov/34097188/
https://pubmed.ncbi.nlm.nih.gov/35387160/
https://pubmed.ncbi.nlm.nih.gov/35387160/
https://pubmed.ncbi.nlm.nih.gov/37242576/
https://pubmed.ncbi.nlm.nih.gov/37242576/
https://pubmed.ncbi.nlm.nih.gov/35073451/
https://pubmed.ncbi.nlm.nih.gov/35073451/
https://pubmed.ncbi.nlm.nih.gov/35073451/
https://pubmed.ncbi.nlm.nih.gov/35683592/
https://pubmed.ncbi.nlm.nih.gov/35683592/
https://pubmed.ncbi.nlm.nih.gov/35683592/
https://pubmed.ncbi.nlm.nih.gov/35683592/
https://pubmed.ncbi.nlm.nih.gov/35683592/
https://pubmed.ncbi.nlm.nih.gov/36794974/
https://pubmed.ncbi.nlm.nih.gov/36794974/
https://pubmed.ncbi.nlm.nih.gov/36794974/
https://pubmed.ncbi.nlm.nih.gov/38738799/
https://pubmed.ncbi.nlm.nih.gov/38738799/
https://pubmed.ncbi.nlm.nih.gov/38738799/
https://pubmed.ncbi.nlm.nih.gov/38738799/
https://pubmed.ncbi.nlm.nih.gov/38738799/
https://pubmed.ncbi.nlm.nih.gov/31415278/
https://pubmed.ncbi.nlm.nih.gov/31415278/
https://pubmed.ncbi.nlm.nih.gov/31415278/
https://pubmed.ncbi.nlm.nih.gov/31415278/
https://pubmed.ncbi.nlm.nih.gov/36190905/
https://pubmed.ncbi.nlm.nih.gov/36190905/
https://pubmed.ncbi.nlm.nih.gov/36190905/
https://pubmed.ncbi.nlm.nih.gov/36190905/
https://pubmed.ncbi.nlm.nih.gov/38582045/
https://pubmed.ncbi.nlm.nih.gov/38582045/
https://pubmed.ncbi.nlm.nih.gov/38582045/
https://pubmed.ncbi.nlm.nih.gov/38582045/
http://pubmed.ncbi.nlm.nih.gov/31696004/
http://pubmed.ncbi.nlm.nih.gov/31696004/
http://pubmed.ncbi.nlm.nih.gov/31696004/
http://pubmed.ncbi.nlm.nih.gov/31696004/
https://pubmed.ncbi.nlm.nih.gov/34369137/
https://pubmed.ncbi.nlm.nih.gov/34369137/
https://pubmed.ncbi.nlm.nih.gov/34689875/
https://pubmed.ncbi.nlm.nih.gov/34689875/
https://pubmed.ncbi.nlm.nih.gov/36905651/
https://pubmed.ncbi.nlm.nih.gov/36905651/
https://pubmed.ncbi.nlm.nih.gov/36905651/
https://pubmed.ncbi.nlm.nih.gov/37605210/
https://pubmed.ncbi.nlm.nih.gov/37605210/
https://pubmed.ncbi.nlm.nih.gov/37605210/
https://pubmed.ncbi.nlm.nih.gov/38028431/
https://pubmed.ncbi.nlm.nih.gov/38028431/
https://pubmed.ncbi.nlm.nih.gov/38028431/
https://pubmed.ncbi.nlm.nih.gov/37606592/
https://pubmed.ncbi.nlm.nih.gov/37606592/
https://pubmed.ncbi.nlm.nih.gov/37606592/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8860692/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8860692/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8860692/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8860692/
https://pubmed.ncbi.nlm.nih.gov/33426232/
https://pubmed.ncbi.nlm.nih.gov/33426232/
https://pubmed.ncbi.nlm.nih.gov/33426232/
https://pubmed.ncbi.nlm.nih.gov/31301432/
https://pubmed.ncbi.nlm.nih.gov/31301432/
https://pubmed.ncbi.nlm.nih.gov/31301432/
https://pubmed.ncbi.nlm.nih.gov/31301432/

Volume 63- Issue 2 DOI: 10.26717/BJSTR.2025.63.009869

48. Wang Zehua, Mao Xingjia, Zijian Guo, Ruipeng Zhao, Tengda Feng, et al. ~ 49. Xiong Binglang, Yang Peng, Tianye Lin, Jingli Xu, Yong Xie, et al. (2022)

(2022) Comparison of Walking Quality Variables between End-Stage Os- Changes in hip joint contact stress during a gait cycle based on the individ-
teonecrosis of Femoral Head Patients and Healthy Subjects by a Footscan ualized modeling method of “gait-musculoskeletal system-finite element”.
Plantar Pressure System. Medicina (Kaunas) 59(1): 59. ] Orthop Surg Res 17(1): 267.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2025.63.009869 BIOMEBICAL . .
RESEARCHES ¢ Global archiving of articles

Assets of Publishing with us

Jiang Peng. Biomed ] Sci & Tech Res

@ @ @ This work is licensed under Creative

Commons Attribution 4.0 License

A ¢ Immediate, unrestricted online access
¢ Rigorous Peer Review Process
e Authors Retain Copyrights

Submission Link: https://biomedres.us/submit-manuscript.php e Unique DOI for all articles

https://biomedres.us/

Copyright@ : Jiang Peng | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009869. 55421


https://dx.doi.org/10.26717/BJSTR.2025.63.009869
https://dx.doi.org/10.26717/BJSTR.2025.63.009869
https://pubmed.ncbi.nlm.nih.gov/36676683/
https://pubmed.ncbi.nlm.nih.gov/36676683/
https://pubmed.ncbi.nlm.nih.gov/36676683/
https://pubmed.ncbi.nlm.nih.gov/36676683/
https://pubmed.ncbi.nlm.nih.gov/35568957/
https://pubmed.ncbi.nlm.nih.gov/35568957/
https://pubmed.ncbi.nlm.nih.gov/35568957/
https://pubmed.ncbi.nlm.nih.gov/35568957/

