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Abstract: This article reviews the research on subchondral bone lesions in knee osteoarthritis. Subchondral bone 
is closely related to articular cartilage in terms of embryonic development and anatomical structure, and the two 
form bone-cartilage units. These units interact and crosstalk with each other in biomechanics and molecular biology. 
Subchondral bone lesions include various pathological forms. There are certain research prospects for the prevention 
and treatment of knee osteoarthritis targeting the subchondral bone.
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1. Introduction
Knee osteoarthritis (KOA) is a disease characterized mainly by the degeneration of articular cartilage. With 
the aging of the population and the increase in the number of obese people, the number of KOA patients has 
increased, which has brought a great burden to society and families [1,2]. Drug and non-drug treatments for 
KOA can effectively relieve joint pain, but they cannot effectively reverse the pathological process of KOA. 
As the severity of the disease increases, it can cause significant pain and joint function limitations, and in 
severe cases, surgical treatment is required [3]. KOA is currently also regarded as a disease of the entire joint, 
in which subchondral bone is closely related to articular cartilage. Studies have shown that the integrity and 
homeostasis of articular cartilage may depend on the biomechanical and molecular biological interactions 
with subchondral bone [4]. There are certain research prospects for the prevention and treatment of KOA 
through the regulation of subchondral bone.

2. Embryonic development and tissue structure of subchondral bone
The femur and tibia in the knee joint originate from bone marrow mesenchymal stem cells in the embryo. 
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These stem cells form “blastema,” which contains a small amount of type I collagen matrix and transforms 
into a cartilage structure in the early fetal stage. The extracellular components of this structure are mainly 
type II collagen [5]. During the terminal differentiation of cartilage, it hypertrophies and forms blood vessels 
and bone mineralization, thereby causing the process of endochondral ossification and creating the main 
ossification center. After birth, three cartilaginous interfaces are formed at the tibia and femoral ends of the 
knee joint, namely the chondroepiphyseal bone, the growth plate epiphyseal bone, and the growth plate 
metaphysis bone. The articular cartilage is located at the top of the subchondroepiphyseal bone. During 
growth and development, the epiphyses expand into the chondroprimordium until a very thin calcified 
layer is formed deep within the cartilage, thus forming calcified cartilage. The perivascular bone beneath 
the calcified cartilage gradually deposits to form subchondral bone plates and the supporting trabeculae 
below. At this stage, a wavy structure forms at the junction of the cartilage and the subchondral bone. This is 
conducive to the close combination of the two and the dispersion of the stress in the upper cartilage [6]. From 
the perspective of embryonic development and anatomical structure, cartilage and subchondral bone have a 
close relationship and may influence each other pathologically.

3. Bone-cartilage units and KOA
Bone and articular cartilage form the “bone-cartilage unit,” which includes hyaline cartilage, hyaline line, 
calcified cartilage, and subchondral bone. This unit is a complex functional unit. There is mutual interference 
between molecules at the junction of articular cartilage and subchondral bone. Abnormal remodeling of 
subchondral bone caused by KOA can lead to vascular and nerve invasion of the junction area between 
articular cartilage and subchondral bone. Cartilage damage and vascular invasion can increase the diffusion 
of small molecules in this area and enhance the cross-interference between articular cartilage and subchondral 
bone molecules [7,8]. In terms of biomechanics, abnormal subchondral bone remodeling caused by KOA, such 
as bone destruction, bone sclerosis, and thickening of subchondral bone plates, may damage the mechanical 
characteristics of subchondral bone, leading to the loss of mechanical balance between cartilage and 
subchondral bone, thereby aggravating the degeneration of overlying articular cartilage [9].

4. Manifestations and treatment of subchondral bone lesions in KOA
4.1. Subchondral bone destruction
Animal studies have shown that in the early stage of KOA, the activity of osteoclasts in subchondral bone 
increases, leading to subchondral bone resorption and the formation of a large number of cavities. Osteoclasts 
can also secrete netrin-1, which promotes the innervation of sensory nerves in subchondral bone, thereby 
aggravating joint pain [10]. Studies have found that in the early stage of KOA, the expression of prostaglandin 
E2 (PGE2) in subchondral bone and prostanoid 4 (EP4) in osteoclasts increases. PGE2 can promote the 
differentiation of osteoclasts through EP4, causing the destruction of subchondral bone structure and sensory 
nerve innervation related to pain [11]. Not all animal studies showed enhanced activity of osteoclasts in the 
early subchondral bone of KOA. Studies found that in the same mouse, through the left knee anterior cruciate 
ligament transection to simulate KOA, in the early stage, the subchondral bone of the left knee joint shows 
enhanced osteoclast activity, while the right knee joint on the opposite side only shows weak osteoblast 
changes. This may be somewhat different from the spontaneous KOA in humans [12]. This also indicates that 
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the enhanced activity of subchondral osteoclasts in the early stage of KOA in animal studies may be related 
to the abnormal load caused by mechanical damage resulting from surgical modeling. Zoledronate belongs 
to the bisphosphonate class of drugs and has the effect of inhibiting osteoclast generation. Zoledronate can 
alleviate the early subchondral bone mass loss in KOA rabbits, thereby improving the bone microstructure 
and alleviating the degeneration of articular cartilage [13]. Clinical studies have also found that zoledronate can 
alleviate joint pain and limited joint movement in patients with KOA, and can reduce the use of non-steroidal 
anti-inflammatory drugs [14]. Some studies have found that the preventive use of alendronate can alleviate 
the early subchondral bone destruction of KOA and relieve cartilage degeneration. Although the use of 
alendronate two weeks after modeling can reduce subchondral bone destruction, it cannot effectively relieve 
cartilage degeneration [15]. Because the main mechanism of bisphosphonate drugs is to inhibit the activity of 
osteoclasts, the timing of treating subchondral bone lesions in KOA is crucial. However, if the cartilage has 
already undergone degeneration, while the use of bisphosphonate drugs at this time can alleviate abnormal 
bone remodeling, the damage to the cartilage is already irreversible.

4.2. Subchondral bone sclerosis
As KOA progresses and subchondral bone undergoes continuous bone remodeling, subchondral bone gradually 
thickens and its bone density increases, leading to subchondral bone sclerosis [16]. Stromal cell-derived factor-
1α (SDF-1α) is closely related to bone metabolism. In KOA mice, SDF-1α in subchondral bone and peripheral 
blood slightly increased in the second week after modeling, but significantly increased in the eighth week. High 
levels of SDF-1α promote the proliferation of bone marrow mesenchymal stem cells, thereby indirectly leading 
to an increase in osteoblast differentiation and bone formation, and causing subchondral bone hardening [17]. 
Transforming growth factor-β (TGF-β) is a key factor for maintaining the normal structure of articular cartilage, 
but it is also involved in the pathological process of KOA. Abnormal remodeling of subchondral bone in KOA 
can cause an increase in the production of TGF-β, leading to degeneration of articular cartilage and excessive 
osteogenesis [18]. Vasoactive intestinal peptide (VIP) is related to bone metabolism. VIP can promote osteogenic 
formation. The expression of VIP in subchondral bone significantly increases in patients with severe KOA. The 
use of VIP antagonists in KOA mice can alleviate the hardening of subchondral bone and the degeneration 
of articular cartilage [19]. Metformin is a hypoglycemic drug, but it can also affect bone metabolism through 
its anti-inflammatory effect. Research has found that metformin can alleviate the degeneration of cartilage in 
KOA mice and also reduce the hardening of subchondral bone, thereby exerting a therapeutic effect on KOA 
[20]. Compared with drug treatment, physical therapy may have more research prospects. Some studies have 
found that low-intensity ultrasound can reduce cartilage degeneration and repair cartilage, as well as alleviate 
the hardening of subchondral bone [21].

4.3. Subchondral bone marrow lesions
Bone marrow lesions (BMLs) are the imaging features of the subchondral bone region of the knee joint on 
MRI, manifested as low-signal areas in T1-weighted images and high-signal areas in T2-weighted images. 
BMLs include pathological changes such as subchondral bone marrow edema, hemorrhage, necrosis, and 
bone remodeling, which are seen in diseases such as fractures, bone contusions, and KOA. Therefore, 
BMLs are not a specific manifestation of KOA, but there is a significant positive correlation between BMLs 
and articular cartilage injury. Moreover, BMLs can occur in the early stage of KOA, even before articular 
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cartilage degeneration [22,23]. A study has found that after a 3-year follow-up, the proportion of total knee 
arthroplasty in KOA patients with BMLs was significantly higher than that in patients without BMLs. 
Moreover, the larger the range of BMLs in KOA patients, the higher the proportion of total knee arthroplasty. 
This also indicates that BMLs are one of the risk factors for the progression of KOA [24]. In terms of 
treatment, injecting calcium phosphate into the BMLs of KOA patients can alleviate joint pain and improve 
joint function, but the impact on patients’ long-term prognosis remains uncertain. In patients with KOA, the 
increase in the range of BMLs is closely related to the aggravation of joint pain. After neridronate injection 
treatment is given to patients with acute joint pain and BMLs in KOA, the BML score can be reduced and 
joint pain can be improved [25].

5. Conclusion
Subchondral bone and articular cartilage form the bone-cartilage unit, and the two are closely related in 
physiology and pathology. The lesions of subchondral bone in KOA can be observed in animal studies as 
abnormal activation of osteoclasts in the early stage and abnormal osteogenesis in the late stage leading to 
subchondral bone hardening. However, whether there is abnormal activation of osteoclasts in the subchondral 
bone of early KOA in humans requires further research. The BMLs of subchondral bone are closely related 
to the progression of KOA disease. The treatment of KOA by targeting BMLs has certain research prospects.

Disclosure statement
The authors declare no conflict of interest.

References
[1]	 Sharma L, 2021, Osteoarthritis of the Knee. N Engl J Med, 384(1): 51–59.
[2]	 Helmick CG, Felson DT, Lawrence RC, et al., 2008, Estimates of the Prevalence of Arthritis and Other Rheumatic 

Conditions in the United States. Part I. Arthritis Rheum, 58(1): 15–25.
[3]	 Gelber AC, 2024, Knee Osteoarthritis. Ann Intern Med, 177(9): Itc129–itc144.
[4]	 Kasaeian A, Roemer FW, Ghotbi E, et al., 2023, Subchondral Bone in Knee Osteoarthritis: Bystander or Treatment 

Target? Skeletal Radiol, 52(11): 2069–2083.
[5]	 Sasano Y, Mizoguchi I, Kagayama M, et al., 1992, Distribution of Type I Collagen, Type II Collagen and PNA 

Binding Glycoconjugates During Chondrogenesis of Three Distinct Embryonic Cartilages. Anat Embryol (Berl), 
186(3): 205–213.

[6]	 Hoemann CD, Lafantaisie-Favreau CH, Lascau-Coman V, et al., 2012, The Cartilage-Bone Interface. J Knee Surg, 
25(2): 85–97.

[7]	 Walsh DA, McWilliams DF, Turley MJ, et al., 2010, Angiogenesis and Nerve Growth Factor at the Osteochondral 
Junction in Rheumatoid Arthritis and Osteoarthritis. Rheumatology (Oxford), 49(10): 1852–1861.

[8]	 Pan J, Wang B, Li W, et al., 2012, Elevated Cross-Talk Between Subchondral Bone and Cartilage in Osteoarthritic 
Joints. Bone, 51(2): 212–217.

[9]	 Goldring MB, Goldring SR, 2010, Articular Cartilage and Subchondral Bone in the Pathogenesis of Osteoarthritis. 
Ann N Y Acad Sci, 1192: 230–237.



94 Volume 4, Issue 2

[10]	 Zhu S, Zhu J, Zhen G, et al., 2019, Subchondral Bone Osteoclasts Induce Sensory Innervation and Osteoarthritis 
Pain. J Clin Invest, 129(3): 1076–1093.

[11]	 Jiang W, Jin Y, Zhang S, et al., 2022, PGE2 Activates EP4 in Subchondral Bone Osteoclasts to Regulate 
Osteoarthritis. Bone Res, 10(1): 27.

[12]	 Zhu J, Zhu Y, Xiao W, et al., 2020, Instability and Excessive Mechanical Loading Mediate Subchondral Bone 
Changes to Induce Osteoarthritis. Ann Transl Med, 8(6): 350.

[13]	 She G, Zhou Z, Zha Z, et al., 2017, Protective Effect of Zoledronic Acid on Articular Cartilage and Subchondral 
Bone of Rabbits with Experimental Knee Osteoarthritis. Exp Ther Med, 14(5): 4901–4909.

[14]	 Ealahi T, Azad MAK, Islam MN, et al., 2025, Zoledronic Acid in the Treatment of Primary Knee Osteoarthritis: A 
Randomized Clinical Trial. Cureus, 17(5): e85087.

[15]	 Mohan G, Perilli E, Parkinson IH, et al., 2013, Pre-Emptive, Early, and Delayed Alendronate Treatment in a 
Rat Model of Knee Osteoarthritis: Effect on Subchondral Trabecular Bone Microarchitecture and Cartilage 
Degradation of the Tibia, Bone/Cartilage Turnover, and Joint Discomfort. Osteoarthritis Cartilage, 21(10): 1595–
1604.

[16]	 Ren P, Niu H, Cen H, et al., 2021, Biochemical and Morphological Abnormalities of Subchondral Bone and Their 
Association with Cartilage Degeneration in Spontaneous Osteoarthritis. Calcif Tissue Int, 109(2): 179–189.

[17]	 Meng Z, Xin L, Fan B, 2023, SDF-1α Promotes Subchondral Bone Sclerosis and Aggravates Osteoarthritis by 
Regulating the Proliferation and Osteogenic Differentiation of Bone Marrow Mesenchymal Stem Cells. BMC 
Musculoskelet Disord, 24(1): 275.

[18]	 Zhao W, Wang T, Luo Q, et al., 2016, Cartilage Degeneration and Excessive Subchondral Bone Formation in 
Spontaneous Osteoarthritis Involves Altered TGF-β Signaling. J Orthop Res, 34(5): 763–770.

[19]	 Kanemitsu M, Nakasa T, Shirakawa Y, et al., 2020, Role of Vasoactive Intestinal Peptide in the Progression of 
Osteoarthritis Through Bone Sclerosis and Angiogenesis in Subchondral Bone. J Orthop Sci, 25(5): 897–906.

[20]	 Feng XF, Zhang RK, Qi WZ, et al., 2019, Metformin Intervenes in Cartilage and Subchondral Bone Changes 
in the Early Stage of Osteoarthritis in a Mouse Model of Osteoarthritis. Chinese Journal of Tissue Engineering 
Research, 23(19): 3031–3036.

[21]	 Li X, Sun Y, Zhou Z, et al., 2019, Mitigation of Articular Cartilage Degeneration and Subchondral Bone Sclerosis 
in Osteoarthritis Progression Using Low-Intensity Ultrasound Stimulation. Ultrasound Med Biol, 45(1): 148–159.

[22]	 Xu L, Hayashi D, Roemer FW, et al., 2012, Magnetic Resonance Imaging of Subchondral Bone Marrow Lesions 
in Association with Osteoarthritis. Semin Arthritis Rheum, 42(2): 105–118.

[23]	 Moradi K, Mohammadi S, Roemer FW, et al., 2024, Progression of Bone Marrow Lesions and the Development 
of Knee Osteoarthritis: Osteoarthritis Initiative Data. Radiology, 312(3): e240470.

[24]	 Scher C, Craig J, Nelson F, 2008, Bone Marrow Edema in the Knee in Osteoarthrosis and Association with Total 
Knee Arthroplasty within a Three-Year Follow-Up. Skeletal Radiology, 37(7): 609–617.

[25]	 Varenna M, Zucchi F, Failoni S, et al., 2015, Intravenous Neridronate in the Treatment of Acute Painful Knee 
Osteoarthritis: A Randomized Controlled Study. Rheumatology (Oxford), 54(10): 1826–1832.

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


