Pathogenesis and Risk Factors of Osteoarthritis

Subjects: Ophthalmology

Contributor: Jean-Philippe Berteau

Knee osteoarthritis (OA) is a degenerative joint disease and the most common reason for knee joint replacements in the
US, with 4.7 million individuals having undergone surgery in 2010 with an associated cost of USD 29,488 Per surgery. The
high prevalence of knee OA manifests in enormous societal and personal expenses and urges to prevent OA progression
to avoid surgery.
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| 1. Pathogenesis

First, OA has been depicted as the result of progressive articular cartilage degradation. Indeed, although the cartilage can
prevent biomechanical damage caused by severe loading, patients with OA hinder attempts at repair and result in
disrupted cartilage homeostasis . For instance, cartilage cells’ (i.e., chondrocytes’) compositional and structural
alterations—such as hypertrophy due to aging or oxidative stress—trigger the production of catabolic factors, enhancing
cartilage debilitation. These catabolic factors such as cytokines, chemokines, and proteolytic enzymes—cytokines (e.g.,
IL-6, IL-8), chemokines (e.g., RANTES, IP-10), metalloproteases (MMP1, MMP3), and heat-shock proteins (e.g.,
HSPA1A)—have been identified as quantifiable biomarkers for predicting the onset and progression of knee OA.
Therefore, for decades, cartilage degradation resulting from the extracellular matrix’s destruction has been depicted as
one of the significant biological starters of the OA pathological process.

When the pathological process of knee OA is triggered by catabolic factors production, the articular cartilage of the knee
starts to degrade, making it unable to fully absorb physiological and physical forces. This induces associated joint
conformational changes that compensate for the loss of articular cartilage, showing that OA is an active repair process 2.
These changes include subchondral bone (SB) sclerosis—thickening and hardening—and the formation of bone cysts
and marginal osteophytes (coming from bone remodeling). Thus, all these SB alterations cause the joint space to narrow
Bl enhancing OA progression. Ultimately, OA affects the whole joint due to synovial inflammation and fibrosis of the joint
capsule 4 which cause loss of range of motion/stiffness, tenderness, and pain. This pathological process has been

described in the shape of a vicious circle of OA when one event triggers the other !,

Regarding pain in OA disease, it involves complex peripheral and central mechanisms. For instance, nerve sensitizations
are significant characteristics of pain transmission in OA patients that may contribute to the discordance between pain and
joint pathology . Since hyaline cartilage is not innervated, the pain comes from the synovium, subchondral bone, and
periosteum, which are innervated by small-diameter nociceptive neurons. The nociceptive stimuli are generated by tissue
damage during joint degradation. Previous studies showed pain had been associated with many structural factors,
including bone marrow lesions, synovial thickening (synovitis), and knee effusion . The inflammatory mediators
produced by the synovium and chondrocytes increase the excitation of the nociceptive neurons, creating an amplified
painful response @, Recent evidence shows that SB is also a starter of the OA vicious circle. Indeed, OA is also looked at
as joint failure caused by abnormal joint loading instead of a disease of cartilage degradation &. Specifically, changes in
the SB—which can trigger pain through nociceptive stimuli—predispose the cartilage to further damage from wear and
tear, as the SB is less able to absorb forces/load placed on the joint [IRAILUN2NMSNI4] |t js pelieved that changes to the
mechanical properties of SB occur during remodeling, such as bone hardening 3], which induces increased stiffness that
precedes and contributes to cartilage loss. Indeed, it has been shown that changes in gene expression of SB precede
cartilage degeneration and alter the activity of catabolic factors by chondrocytes contributing to the degeneration of
cartilage 12, Thus, alterations of physiological cross-talk between SB and cartilage 12 are considered the primary trigger
of the OA pathological process. OA is a self-sustaining vicious cycle (adapted from El) where each step in the process
influences and amplifies each other (Figure 1).
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Figure 1. The vicious circle of OA progression and risk factors are associated where pain perception is central to the
disease.

| 2. Risk Factors

The development of the vicious cycle of OA is complex and is caused by both modifiable and nonmodifiable risk factors.
Indeed, no one risk factor contributes to the increase in the disease process; rather, the involvement of risk factors
together such as age, gender, ethnicity, genetic predisposition, hormonal factors, and bone density. In addition,

biomechanical factors—caused by sports, the workplace, joint misalignment, and obesity—contribute to joint injuries
leading to OA BIZILEILT,

2.1. Age

There is an exponential increase in OA in adults over 50 years old. Indeed, the aging process results in the chondrocytes’
inability to produce proteoglycans to maintain the cartilage matrix—which gives the cartilage its compressive strength—
and the failure to maintain homeostasis . Thus, the tissue is less likely to heal when stressed, causing articular cartilage
degeneration, leading to OA. However, it cannot be a purely age-related joint wear and tear disease because not all joints
are equally affected, and OA changes can develop without aging 4. For instance, although OA rarely occurs in youth,
people with sports injuries younger than 30 years old are at increased risk 18],

2.2. Obesity

Individuals living with obesity have a 66% chance of developing symptomatic knee OA compared to a 45% chance of
developing OA for people with a conventional weight. In addition, the Framingham OA study 22 shows that women who
lost about 5 kg—2 units of body mass index—reduced their risk of knee OA by a half 18], Obesity increases the risk of
developing OA through systemic and biomechanical factors. For instance, obesity alters (i) metabolism and joint
inflammation that contributes to OA in non-weight-bearing joints such as the hands and (ii) biomechanical loading on
weight-bearing joints such as the knee or the hip. Regarding the biomechanical factors-based on the multiplier effect of
lever arms outside the body’s central axis, a force of three to six times the body weight is exerted across the knee during
a single-leg stance in walking. Thus, in an individual living with obesity, the increase in weight multiplies the force across
the knee during walking, putting the joint's tissue at high risk of damage 2. However, whether the weight has a limited
effect on the progression of knee OA to moderately misaligned knees (2—7 degrees), knees that were severely misaligned
would lead to an OA joint regardless of the weight added to it 21, In addition, the correlation between obese patients and
OA is further strengthened by the development of adipose tissue that secretes adipokines. Indeed, this biologically active
substance contributes to joint inflammation that alters cartilage homeostasis, making them more susceptible to OA (211,

2.3. Biomechanical Load

Biomechanical overload of a joint through activities requiring repetitive and excessive joint loading, such as knee bending,
is associated with knee OA. Indeed, cartilage loss is a mechanically mediated process that is more likely to occur in areas
of high stress 8, where an increased expression of cytokines, chemokines, and proteolytic enzymes—PICs and MMPs—
was found in response to high fluid shear stress [22. Similarly, an increase in pressure on the posterior horn of the
meniscus during occupational activities with deep flexion loading initiates the degenerative process in the joint 23l For
instance, high-impact sports activities, such as hockey, football, and soccer, lead to undue stress on joints and increase
knee OA risk in adults 2724 While deep squatting has been shown to increase compressive and posterior shear forces
on the knee, 7 and 5 times the body weight, respectively, it is not yet proven that it leads to OA [22],

Joint malalignment—changes in joint geometry—decreases the joint's ability to adapt to its biomechanical environment,
contributing to cartilage or bone tissue damage. For instance, varus knee malalignment and dynamic knee adduction



moments have been found to cause medial compartment knee OA due to the increase in mechanical stress on the medial
compartment of the knee; the reverse is valid for a valgus knee alignment 281271281 | addition, leg length discrepancies
lead to asymmetrical joint mechanics during weight-bearing activities, contributing to the development of hip OA. To
compensate for the differences, an individual may increase knee flexion or hip adduction of the longer limb during stance,
increasing the force at those joints 2711231,

The biomechanical load can also lead to sports-related joint injuries, a risk factor for OA. For instance, the lack of a
functionally standard ACL or meniscus changes the static and dynamic loading of the knee, generating increased forces
on the cartilage and SB, leading to OA 4, Indeed, among Swedish soccer players, radiographic OA—14 years after
injuring the ACL—was present in 41% of injured knees compared to 4% in uninjured knees (no difference if there was
surgical intervention). In relation to this, in long-term follow-up studies of young athletes with meniscus surgery, more than
50% had OA and associated pain and functional impairment (22, Thus, OA is increasingly thought of as joint failure driven
by abnormal joint loading rather than a discrete disease entity. It is more and more considered a primarily mechanical
problem, where the risk factors are all found to affect the biomechanical loading of the joint, contributing to the disease
progression.
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