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Introduction

The pathogenesis of osteoarthritis begins with 
the degradation of articular cartilage, a smooth, 
resilient tissue that covers the ends of bones in 
synovial joints. Cartilage functions as a shock 
absorber, allowing for smooth, pain-free joint 
movement. In OA, this cartilage becomes 
damaged due to a combination of mechanical 
stress and biochemical changes. The 
chondrocytes, which are the cells responsible 
for maintaining the cartilage matrix, play 
a central role in this process. Under normal 
conditions, chondrocytes regulate the synthesis 
and degradation of cartilage components, 
such as collagen and proteoglycans. However, 
in OA, these cells become dysregulated, 
leading to increased production of degradative 
enzymes, such as matrix metalloproteinases 
(MMPs), and decreased synthesis of cartilage 
matrix components. This imbalance results 
in the gradual thinning and loss of cartilage, 
which is a hallmark of OA [1-4].

Methodology

The subchondral bone, which lies just beneath 

the cartilage, also undergoes significant 
changes in osteoarthritis. As cartilage 
deteriorates, the underlying bone is exposed 
to increased mechanical stress, leading to 
abnormal bone remodeling. This remodeling 
process is characterized by the formation 
of subchondral bone sclerosis, which is a 
thickening and hardening of the bone, and the 
development of osteophytes, or bone spurs, 
at the joint margins. These bony outgrowths 
contribute to joint pain and stiffness by 
limiting joint movement and causing further 
cartilage damage. Additionally, the altered 
mechanical environment in the subchondral 
bone can lead to the formation of bone cysts 
and microfractures, which exacerbate joint 
degeneration [5].

Synovial inflammation, although not as 
prominent as in inflammatory arthritis, also 
plays a crucial role in the pathophysiology 
of osteoarthritis. The synovium is a thin 
membrane that lines the joint capsule and 
produces synovial fluid, which lubricates and 
nourishes the joint. In OA, the synovium 
becomes inflamed, leading to the release of 
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pro-inflammatory cytokines, such as interleukin-1 (IL-
1) and tumor necrosis factor-alpha (TNF-α). These 
cytokines further stimulate the production of degradative 
enzymes by chondrocytes and synoviocytes, creating a 
vicious cycle of inflammation and cartilage destruction. 
The inflamed synovium also produces excessive amounts 
of synovial fluid, contributing to joint swelling and pain.

The role of mechanical factors in osteoarthritis cannot be 
overstated. Joint biomechanics, including the alignment 
of bones and the distribution of forces across the joint, 
are critical in maintaining joint health. Abnormal 
joint loading, whether due to obesity, joint injury, or 
congenital deformities, can initiate and accelerate the 
development of OA. For example, in individuals with 
knee osteoarthritis, malalignment of the knee joint, 
such as varus (inward) or valgus (outward) alignment, 
increases the load on certain areas of the cartilage, 
leading to localized cartilage degradation. Additionally, 
repetitive joint use, as seen in athletes or individuals with 
physically demanding jobs, can cause microtrauma to 
the cartilage, triggering the degenerative process [6-8].

Genetic factors also contribute to the susceptibility to 
osteoarthritis. Studies have shown that individuals with 
a family history of OA are at higher risk of developing the 
disease. Genetic predisposition is thought to influence 
various aspects of joint biology, including cartilage 
structure, bone density, and the inflammatory response. 
Several genes have been implicated in OA, including 
those encoding for collagen, MMPs, and inflammatory 
cytokines. Understanding the genetic basis of OA may 
lead to the development of targeted therapies that can 
modify the disease process at an early stage [9].

Age is another significant risk factor for osteoarthritis. As 
individuals age, the ability of chondrocytes to maintain 
cartilage integrity diminishes, leading to an increased 
susceptibility to cartilage damage. Additionally, age-
related changes in the mechanical properties of cartilage, 
such as decreased elasticity and increased stiffness, 
contribute to the development of OA. The accumulation 

of oxidative stress and advanced glycation end-products 
(AGEs) in cartilage with aging further exacerbates the 
degenerative process. These changes are compounded by 
the natural decline in muscle strength and joint stability 
that occurs with aging, making older adults more 
vulnerable to joint injury and subsequent osteoarthritis.

The interplay between systemic factors, such as metabolic 
syndrome, and osteoarthritis is an area of growing 
interest. Metabolic syndrome, characterized by obesity, 
insulin resistance, dyslipidemia, and hypertension, has 
been linked to an increased risk of OA, particularly in the 
knees. Adipose tissue, particularly visceral fat, secretes 
adipokines, which are pro-inflammatory cytokines that 
can contribute to systemic and local joint inflammation. 
This association between metabolic syndrome and 
OA suggests that osteoarthritis may have a metabolic 
component, in addition to being a purely mechanical 
disease. Managing these systemic factors through 
lifestyle modifications and pharmacotherapy may help 
reduce the burden of osteoarthritis in individuals with 
metabolic syndrome [10].

Conclusion

In conclusion, the pathophysiology of osteoarthritis 
is a complex interplay of mechanical, biochemical, 
genetic, and systemic factors. The disease is 
characterized by the progressive breakdown of articular 
cartilage, subchondral bone remodeling, and synovial 
inflammation, all of which contribute to joint pain, 
stiffness, and functional impairment. Understanding 
these underlying mechanisms is crucial for developing 
effective treatment strategies. Current management of 
OA focuses on symptom relief and improving joint 
function, but ongoing research into the molecular and 
genetic aspects of the disease holds promise for more 
targeted and disease-modifying therapies in the future. 
As our knowledge of osteoarthritis continues to evolve, 
so too will our ability to prevent, diagnose, and treat this 
debilitating condition.
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