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Abstract: Osteonecrosis of femoral head (ONFH) is a progressive, destructive disorder with
no targeted treatment currently available. The etiology of this disease is complex and the
pathogenesis is not clear. The main clinical manifestations are hip pain and mobility
dysfunction, which threatens human health to a large extent. If not timely intervention and
treatment in the early and middle stages of ONFH, femoral head deformation and even
collapse are easy to occur, seriously affecting the prognosis of patients. Therefore, early
identification and treatment of ONFH is very important. With the development and maturity
of regenerative medicine and tissue engineering technologies, studies have shown that Bone
marrow mesenchymal stem cells (BMSCs) combined with cardiac decompression,
autologous bone transplantation, arterial interventional therapy, and tissue engineering
techniques, it has certain curative effect on early and middle stage ONFH. This paper mainly
discusses the research status and progress of BMSCs in the treatment of ONFH, in order to
provide theoretical basis for the treatment of ONFH with BMSCs.

1. Introduction

ONFH is a destructive disease of the femoral head, mainly due to the interruption or damage of
the blood supply of the femoral head, which leads to avascular necrosis of the bone marrow and
osteocytes, and eventually causes changes in the internal structure of the femoral head and collapse
(1], Relevant data show that the cumulative number of ONFH patients in the United States is 300,000-
600,000, and there are 20,000 new cases of osteonecrosis every year. About 12,000-24,000 new cases
of osteonecrosis have been diagnosed in Japan in recent years 2. In China, the total number of patients
is about 8.12 million, and there are 150,000-200,000 new cases every year, among which the
prevalence rate of males is significantly higher than that of females 34, This disease is mainly related
to corticosteroid drugs, excessive alcohol consumption, autoimmune diseases, coagulation diseases,
caisson diseases, myeloproliferative diseases and radioactive necrosis [2%56], while smoking, obesity,
pregnancy and other factors increase the risk of femoral head necrosis 7. At present, the pathogenesis
of this disease has not been fully defined, which may be closely related to intravascular coagulation,
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abnormal lipid metabolism, lipid differentiation, apoptosis autophagy, gene polymorphism, etc. (&,
All of the above mechanisms will eventually cause blood circulation disorders of the femoral head,
resulting in degeneration and necrosis of bone cells and bone marrow tissues, loss of bone repair and
reconstruction function, changes in the internal microstructure of the femoral head, and eventually
collapse of the femoral head. At present, the treatment of ONFH is mainly based on the stage of
ARCO and the patient's own condition. However, due to the poor efficacy of hip preservation therapy
in patients with advanced ONFH, it is of great importance to identify and treat ONFH as soon as
possible [°1. In recent years, with the continuous development of stem cell research, relevant studies
have shown that BMSCs have certain clinical efficacy in the treatment of ONFH, and it has gradually
become a hot topic in orthopedics research field. This paper mainly introduces the biological
characteristics of BMSCs and reviews the research status and progress in the treatment of ONFH, in
order to provide reference for the treatment of ONFH.

2. Biological characteristics of bone marrow mesenchymal stem cells

Stem cells are self-renewing cells that can generate a variety of cell types at the same time, among
which BMSCs are extremely important and usually come from the bone marrow of the iliac crest [,
Related studies have confirmed that BMSCs can differentiate into osteoblasts and endothelial cells,
which affect bone repair and blood vessel formation. In addition, BMSCs can secrete growth factors,
cytokines, chemokines, microbubbles and exosomes through paracrine action, which can promote the
chemotaxis, proliferation and differentiation of cells at the injured site after being secreted to the
injured site. Exosomes play a key role in the process of intercellular transport, signal transduction and
tissue regeneration. Therefore, BMSCs are considered as seed cells for regenerative therapy -2,
Relevant studies have shown that the decrease of BMSCs and changes in cell behavior are related to
the occurrence and development of ONFH, indicating that BMSCs may be a good target for the
treatment of ONFH (31 In recent years, with the rapid development of cell biotechnology and tissue
engineering techniques, the application of BMSCs in the treatment of ONFH has shown great
potential.

3. Application of bone marrow mesenchymal stem cells in the treatment of femoral head
necrosis

A large number of studies have confirmed that BMSCs transplantation alone has a high failure rate
and poor efficacy in the treatment of ONFH, and some patients still need total hip replacement (THA).
Therefore, in order to break through the current treatment status, relevant experts proposed BMSCs
combined with current hip preservation therapy for the treatment of ONFH.

3.1 BMSCs combined with core decompression in treatment of ONFH

Ficat creatively invented core decompression (CD) in 1962, mainly through drilling
decompression of the core necrotic area, on the one hand, the intraosseous pressure of the femoral
head can be reduced, on the other hand, bone marrow edema can be reduced to improve the blood
supply of the necrotic area of the femoral head, so as to reduce hip pain and delay the time of THA
[14-15] ' However, this technique cannot repair the femoral head and locally cannot provide effective
structural support. Single application may increase the risk of femoral head collapse, and the medium
and long-term efficacy is uncertain 11, Studies have shown that BMSCs combined with CD has more
significant efficacy than CD alone in the treatment of ONFHI*"]. The combination of BMSCS and CD
can improve the harris score of hip joint, delay the process of femoral head necrosis, and even reverse
the stage of ONFH. With the gradual development of stem cell medicine, BMSCs transplantation
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combined with CD has gradually become a new means to treat ONFH, which is worthy of promotion
and application in orthopedic clinic. Wang Z et al. [*8 found that BMSCs transplantation combined
with CD could reduce the degree of postoperative pain in patients with ONFH at rest at six months,
one year and two years after surgery. Moreover, it could reduce the volume of femoral head necrotic
area, thus delaying the collapse of femoral head and reducing the proportion of THA. A systematic
retrospective study by Liu Q et al. [* showed that BMSCs implantation combined with CD could
effectively delay 1-2 stages of femoral bone necrosis, relieve hip pain and improve hip joint function
compared with CD alone. It has also been confirmed that BMSCs combined with CD can relieve pain,
have better clinical outcomes, and improve survival. Liu Jiangfeng et al. showed that BMSCs
transplantation combined with CD could improve the local blood supply of patients with ONFH,
promote the absorption and repair of necrotic bone, and improve the success rate of hip preservation
therapy [2%1. This indicates that BMSCs transplantation combined with CD has certain advantages in
the treatment of early and middle stage ONFH, but the efficacy of the treatment of late stage ONFH
remains unclear and needs to be further observed.

3.2 BMSCs combined with autogenous bone transplantation in treatment of ONFH

The advantages of autogenous bone transplantation are mainly reflected in the following three
aspects: (1) The graft is obtained from itself, so it has good bone induction, bone conduction and bone
regeneration capabilities; (2) can clear necrotic lesions, reduce intraosseous pressure, improve pain
symptoms; (3) Implantation of autogenous bone can effectively support the necrotic area, release the
pressure in the necrotic area and prevent the collapse of the femoral head. Goto K et al. [?*] performed
BMSCs combined with autogenous bone transplantation on 10 patients with collapse of ONFH, and
conducted 10 years of postoperative follow-up. The results showed that only 2 of the 10 patients
needed THA surgery, and 5 of the 6 patients (collapse <3 mm) could avoid further collapse and
changes in osteoarthritis within 10 years. These results indicate that BMSCs combined with
autologous bone transplantation can effectively treat osteonecrosis after femoral head collapse. Kang
JS et al. 2l conducted a study on the treatment of ONFH with iliac bone autograft combined with
BMSCs, and found that the protection rate of femoral head for ARCO Stage Il and ArCO Stage 111
lesions by this operation was 64.7% and 37.0%, respectively, and the surgical results were different
with the size of the lesions and the stage. Relevant data show that this surgery is effective for early
and mid-stage ONFH treatment, and can achieve similar results as other hip preservation operations,
but the treatment effect of late ONFH is uncertain. At present, there are few relevant studies on
BMSCs combined with autogenous bone transplantation in the treatment of ONFH in the available
literature, and there is still a lack of strong clinical evidence to prove that this technology has a more
significant effect on ONFH. Therefore, more credible basic and clinical studies are needed to support
this.

3.3 BMSCs combined with arterial intervention in treatment of ONFH

As one of the important pathological changes of ONFH is the interruption of local blood supply to
the femoral head, which leads to microcirculation disturbance and thus progresses to osteonecrosis,
restoring local blood circulation to the femoral head is the key to treating the disease [3l. BMSCs are
injected into the internal and lateral femoral arteries and obturator arteries through arterial
interventional techniques, and blood circulation is used to carry stem cells to the necrotic lesions of
the femoral head to promote bone and angiogenesis [?41. Although the technique is still immature and
not widely accepted, this therapy has become an effective treatment for ONFH at present and has
been widely used before the collapse of the femoral head. Liu N et al. (2 found that Mao et al. injected
BMSCs into the internal circumflex artery to treat 62 patients with ONFH .The 5-year follow-up
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observation showed that the treatment failure rate of ONFH patients in Ficat I-11 stage was 4.4%, and
the treatment failure rate of Ficat Il cases was 30%, indicating that BMSCs combined with arterial
intervention had a certain effect on early and middle ONFN, especially in the early stage.Jin H et al-
261 conducted an animal experimental study on the treatment of ONFH by arterial perfusion of
BMSCs. The results showed that the volume of femoral head necrosis was significantly reduced in
the arterial perfusion of BMSCs group, and the volume of bone trabeculae increased and the porosity
decreased, further confirming that arterial perfusion of BMSCs could migrate to the femoral head
necrosis area and differentiate into osteoblasts. Thereby delaying the necrotic process of the femoral
head. Although this technology is still in the early stage of research, it can be seen from the existing
conclusions that this technology may be a feasible and effective method for the treatment of ONFH.

3.4 BMSCs combined with tissue engineering in the treatment of ONFH

However, with the rapid development of bone tissue engineering and the maturity of stem cell
biotechnology in recent years, BMSCs are co-cultured with biological scaffolds in vitro, and then
implanted into the necrotic area of the femoral head, thus effectively solving the difficult problem of
the reconstruction of the necrotic area of the femoral head, and are gradually applied in clinic. The
mechanism of BMSCs combined with scaffolds in the treatment of ONFH is that BMSCs can
differentiate into osteoblasts and promote bone regeneration. Combined with the mechanical structure
stability of biological scaffolds, BMSCS jointly act on the necrotic area of the femoral head, thus
delaying the progression of the disease and preventing the collapse of the femoral head. Bone scaffold
materials should have the following advantages: good biocompatibility, appropriate porosity, certain
mechanical strength, appropriate degradability, and can maintain cell activity and promote bone
formation [27-281, Currently, commonly used bone scaffold materials mainly include hydroxyapatite,
calcium phosphate ceramics, porous tantalum rods, etc. Maruyama M et al. [?] found that in rabbit
steroid-induced ONFH model, the use of new 3D printing customized functional grading scaffolds
(FGS) combined with BMSCs to implant in the necrotic area of the femoral head can promote bone
regeneration in the necrotic area, thus delaying the time of femoral head collapse. Wang G et al. 3]
found in the experimental study of the rabbit model for the treatment of early ONFH that functional
B-tricalcium phosphate (B-TCP) scaffold modified with DPI (a bone-marrow derived mesenchymal
stem cell affinity peptide) was implanted into the ONFH region, and the results showed that the group
had the lowest percentage of vacant bone space. This is because B-TCP scaffold modified with DPI
peptide can recruit BMCSs to the necrotic femoral head, promote bone regeneration and angiogenesis,
and enhance the repair ability of necrotic femoral head, thus obtaining better therapeutic effect. At
present, BMSCs combined with tissue engineering technology in the treatment of ONFH is still in
the early stage. Although preliminary research results have been achieved in rabbit experimental
model, showing significant improvement in the treatment of ONFH, the clinical application
experience is insufficient, and the efficacy and safety of this technology needs to be confirmed by
higher level of evidence-based medical evidence.

4. Conclusion and outlook

Although ONFH is a common and frequently occurring disease in orthopedics, it is also a
refractory disease. Due to poor efficacy of hip preservation treatment in the middle and late stages
and high disability rate in the later stage, it causes serious physical and psychological damage to
patients. Therefore, in order to seek better treatment methods and break through the dilemma of
existing hip preservation treatment, Therefore, in recent years, the rapidly developed and mature stem
cell transplantation technology has been applied to the treatment of ONFH. Studies have confirmed
that the occurrence of ONFH is related to the destruction and reduction of BMSCs activity. At present,
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hip preservation therapy is mainly focused on ARCO stage I and I1. However, when the femoral head
collapse occurs in patients with ONFH, the feasibility of hip preservation therapy is significantly
decreased, and most patients need THA therapy. However, with the rapid development of bone tissue
engineering and regenerative medicine in recent years, the application of BMSCs in the treatment of
ONFH has gradually become the focus of research. The present status and progress of BMSCs
combined with CD, autologous bone transplantation, arterial interventional therapy and tissue
engineering in the treatment of ONFH were reviewed. The results showed that BMSCs combined
with above therapeutic methods can promote bone regeneration and angiogenesis in the necrotic area
of the femoral head and alleviate the outcome of ONFH. However, there are still many problems
concerning the application of BMSCs in the treatment of ONFH that need to be further solved: (1)
The number of BMSCs. Currently, there is no strong evidence to confirm the number of BMSCs
needed in the treatment of ONFH to achieve the purpose of repair; (2) BMSCs quality problems,
because the occurrence and development of ONFH is a chronic injury process, the activity of patients'
own BMSCs is vulnerable to damage; (3) Survival rate of BMSCs. In vitro experiments, the growth
environment of BMSCs was different from that of osteonecrosis area, and whether BMSCs could
survive in large numbers after transplantation to the necrotic area due to different local
microenvironment. 4. Safety of BMSCs. Since BMSCs continue to proliferate after implantation, it
is not clear whether they have carcinogenic effects.

Although there are many doubts about the application of BMSCs technology in the treatment of
ONFH, related research results in recent years have shown that BMSCs combined with other
therapeutic methods show new hope in the treatment of ONFH. In the future, more basic experiments
and clinical studies are needed to confirm the mechanism of action and molecular targets of BMSCs
in the treatment of ONFH, so as to improve the prognosis of ONFH. With the continuous development
and maturity of cell biology, molecular biology and tissue engineering technologies, it is believed that
BMSCs will make great progress in the treatment of ONFH, and also provide new ideas for hip
conservation therapy, so as to get rid of the treatment dilemma of ONFH.
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