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ABOVE THE STUDY
Osteoarthritis (OA) has long been regarded as a degenerative 
disease primarily affecting articular cartilage. However, growing 
evidence has redefined OA as a whole-joint disorder, with 
subchondral bone playing a central role in disease initiation and 
progression. Structural and biochemical alterations in 
subchondral bone such as sclerosis, increased remodeling, and 
microdamage precede and actively contribute to cartilage 
degeneration. This evolving understanding has catalyzed the 
development of novel therapeutic approaches that target not 
only cartilage but also the underlying bone, offering new avenues 
for disease modification.

Subchondral bone undergoes significant changes during OA 
progression, including increased bone turnover, abnormal 
mineralization, and altered mechanical properties. These changes 
disrupt the biomechanical environment of the joint, leading to 
increased stress on overlying cartilage and accelerating its 
degradation. Importantly, the crosstalk between subchondral 
bone and cartilage is mediated by biochemical signaling 
pathways, including Transforming Growth Factor-beta (TGF-β), 
Wnt/β-catenin, and inflammatory cytokines. Targeting these 
pathways has emerged as a promising strategy for modulating 
disease progression.

One of the most explored therapeutic approaches involves the 
use of antiresorptive agents, such as bisphosphonates, to inhibit 
osteoclast-mediated bone resorption. By reducing subchondral 
bone turnover, these agents aim to stabilize the bone 
microenvironment and prevent further joint damage. While 
preclinical studies have shown encouraging results, clinical 
outcomes have been mixed, suggesting that patient selection and 
disease stage are critical determinants of efficacy. Similarly, drugs 
targeting the RANKL pathway, which regulates osteoclast 
differentiation, are being investigated for their potential to 
modulate subchondral bone remodeling in OA.

In contrast to antiresorptive therapies, anabolic approaches seek 
to promote bone formation and restore structural integrity. 
Parathyroid Hormone (PTH) analogs, known for their bone-
forming effects in osteoporosis, have shown potential in

improving subchondral bone quality and reducing cartilage
degeneration in experimental models. These findings highlight
the importance of maintaining a balanced bone remodeling
process rather than simply inhibiting resorption.

Another promising area of research is the modulation of
signaling pathways involved in bone-cartilage crosstalk. The
TGF-β pathway, for instance, plays a dual role in maintaining
joint homeostasis and driving pathological changes when
dysregulated. Excessive TGF-β activity in subchondral bone has
been associated with abnormal bone formation and
angiogenesis, contributing to OA progression. Targeted
inhibition of this pathway has demonstrated potential in
preclinical studies, offering a more precise approach to disease
modification.

Regenerative strategies are also gaining traction, particularly
those involving stem cells and biomaterials. Mesenchymal Stem
Cells (MSCs) have the ability to differentiate into both
osteoblasts and chondrocytes, making them ideal candidates for
repairing joint tissues. When combined with advanced
biomaterials, MSC-based therapies can be directed to specific
sites within the joint, promoting regeneration of both cartilage
and subchondral bone. Additionally, extracellular vesicles
derived from stem cells are being explored as cell-free alternatives
that can deliver bioactive molecules to modulate inflammation
and tissue repair.

Nanotechnology-based drug delivery systems further enhance the
precision and efficacy of these therapies. By enabling targeted
delivery of therapeutic agents to subchondral bone, nanocarriers
can improve drug retention and reduce systemic side effects.
This is particularly relevant for chronic conditions like OA,
where long-term treatment is often required.

Despite these advances, several challenges remain. The
heterogeneity of OA, influenced by factors such as age, genetics,
and mechanical stress, complicates the development of
universally effective treatments. Moreover, the timing of
intervention is critical; therapies targeting subchondral bone
may be more effective in early stages of the disease before
irreversible cartilage damage occurs. Standardizing outcome
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measures and improving imaging techniques to assess
subchondral changes are also essential for advancing clinical
research.

In conclusion, the recognition of subchondral bone as a key
player in osteoarthritis has opened new therapeutic horizons.
Novel approaches that target bone remodeling, signaling

pathways, and tissue regeneration hold significant promise for
altering disease progression. A comprehensive strategy that
integrates these modalities, tailored to individual patient
profiles, may ultimately transform the management of
osteoarthritis from symptomatic relief to true disease
modification.
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