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joints including the bones , cartilage and soft tissues. The incidence of

being the major causes. The most outstanding sign of Osteoarthritis is
chronic pain that does not let people function effectively daily. Though the
pathogenesis of OA has not been fully elucidated, it is often considered to
be an imbalance between catabolic and anabolic processes in articular
cartilage. The risk factors that could lead to OA are ageing, genetic
predisposition, body mass index, sex race, trauma and co-morbidities such
as diabetes and cardiovascular diseases. Diagnosis of OA is confirmed
using imaging modalities like MRI, ultrasound and X-rays. This review
will focus on the pathogenesis, risk factors and various diagnostic
approaches.

Key Word: Osteoarthritis, Pathogenesis, Risk factors, Imaging modalities,
Chronic pain.

INTRODUCTION:

Osteoarthritis (OA), is mainly defined by the gradual loss of articular cartilage in synovial joints
as well as pathological alterations in other joint components such as synovitis, osteophyte formation,
and subchondral bone change (de Sousa Gomes et al., 2021; Zhu et al., 2022) that is affected by the

metabolism of the cartilage matrix and cell stress(Z. Lin et al., 2021). It is estimated that over 67 million


mailto:evelyan.pharm@drmgrdu.ac.in

Anushya Vardhini V /Afr.J.Bio.Sc. 7(2) (2025) Page 525

individuals will develop OA by 2030, and the annual treatment expenditures will surpass $3 billion(B.
W. Wang et al., 2019). Osteoarthritis can occur in any synovial joint in the body, but it most commonly
affects the joints of the hands, knees, hips, and spine. On the other hand, clinically, OA of the knee is

the most prevalent (Chang et al., 2021; Whittaker et al., 2021)

In knee joint tissue, including cartilage, menisci, synovial membrane, infrapatellar fat pads, and
subchondral bone, is affected by osteoarthritis (OA), a disease of the entire joint that results from the
interaction of local and systemic susceptibility factors (Abramoff & Caldera, 2020) Etiology-based
classifications of OA often separate it into primary (idiopathic) and secondary groups(Li et al., 2020).
The main causes of OA in the knee are namely, ageing, genetic predisposition, sex, trauma,obesity
metabolic syndrome, trauma, race, joint stress, and activation of the inflammatory pathways occurs in
cartilage (Georgiev & Angelov, 2019; Mora et al., 2018a; Palazzo et al., 2016; Silman & Symmons, 1995;
B. W. Wang et al., 2019). The balance between the cartilage is mainly affected by the pro-inflammatory
mediators.The increased production of inflammatory mediators such as IL-1, IL-6, and TNF have the
ability to modify the development and function of chondrocytes, stimulate the production and activation
of aggrecanases and Matrix Metalloproteinases (MMPSs), which are cartilage-degrading enzymes that
are believed to be the subsequently effectors of osteoarthritis (KOA) pathogenesis (Szala et al., 2024)

Knee Osteoarthritis (KOA) pathogenesis is characterized by increased apoptosis, increased
catabolism, and reduced anabolism. Osteophyte production, subchondral bone remodeling, cartilage
degradation, and alterations to the synovium and joint capsule are frequent structural features of
osteoarthritis(Yao et al., 2023). Pro-inflammatory cytokines, mainly interleukin (IL-6) and tumor
necrosis factor alpha (TNF-a), proteolytic enzymes, osteoclast differentiation, and activation of various
synovial cells, such as leukocytes and synovial fibroblasts, are produced by macrophages and play
fundamental roles in the development of pain and inflammation(Brophy & Fillingham, 2022; Zhang et
al., 2022)The usual clinical symptoms of osteoarthritis patients include severe joint pain, stiffness,

severely restricted mobility and joint cracking (crepitus)(15).

The goal of an knee osteoarthritis review article is to present an in-depth overview of the state
of understanding and recent advances with Knee osteoarthritis (KOA). A typical article of this type
covers the various approaches used today to diagnose knee osteoarthritis (KOA), including imaging
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modalities, clinical criteria, and biomarkers, and evaluates their usefulness and accuracy. It also provides
evidence-based advice for clinicians managing KOA, such as the best possible treatment and choices.

PATHOGENESIS:

The knee, which is the biggest synovial joint in humans, is made up of ligaments, cartilage , 0sseous
components, and a synovial membrane. The synovium produces synovial fluid, which lubricates and
nourishes a vascular cartilage, it is the responsibility of the latter(Geng et al., 2023; Kohn et al., 2016).
Cartilage is a highly specialized connective tissue, composed of water (>70%) and organic
extracellular matrix components, mainly type Il collagen, aggrecan, or other proteoglycans . The only
cartilage cells, called chondrocytes, are in charge of the creation and degradation of the matrix, which
is controlled by growth hormones and cytokines (Brophy & Fillingham, 2022). However, because of its
high stress level and regular use,this equilibrium may be upset(Mora et al., 2018b). The pathogenesis
of knee osteoarthritis is in figure 1.
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Figure 1: Pathogenesis of Knee Osteoarthritis

Cartilage Degeneration

The equilibrium between cartilage production and breakdown throughout KOA development is
mainly influenced by Prostaglandins (PGE2), leukotrienes (LKB4), pro-inflammatory cytokines such
as Tumor necrosis factor-o. (TNF-a) and interleukins such as IL1p, IL6, IL15, 1L17, 1L18, 1L21, growth
factors (TGFP, FGFs, VEGF, NGF, free radicals and complement being potent inducers of the
breakdown of the extracellular matrix (ECM) in cartilage (lannone2003, n.d.).
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Each of these compounds possesses the ability to selectively activate hydrolytic enzymes,
including Matrix Metalloproteinases (MMP), Cyclooxygenase 11, and PGE2. This could cause collagen
and proteoglycan to break down, which would cause cartilage to disintegrate (Georgiev & Angelov, 2019;
lannone2003, n.d.; Palazzo et al., 2016; Szala et al., 2024).Chemokines such as CCL2, CCL3, CCLA4,
and CCLJ5, which support the production of pro-inflammatory cytokines, by triggering chondrocytes
production of MMP3, which in turn causes the decomposition of cartilage matrix components and anti-
inflammatory cytokines like 1L-4 and IL-10. Moreover, increased mast cell counts in OA synovial
tissues are linked to a higher degree of synovitis and structural damage in the synovial joints (Szala et

al., 2024).
Excessive Chondrocyte Apoptosis:

A limited degree of apoptosis is present in healthy cartilage (/annone2003, n.d.). Inflammatory
mediators change the cells phenotypically to become hypertrophic chondrocytes, which mimic cells
seen on the growth plate's hypertrophic zones(Gs & Mologhianu G, n.d.). After then, the articular
cartilage is completely destroyed by apoptosis of the articular chondrocytes ,these are primarily
regulated by the mitochondrial, death receptor and endo- plasmic reticulum stress response pathways

(lannone2003, n.d.).

Subchondral Bone Lesion :

Proinflammatory cytokines also upset cartilage matrix homeostasis, and repeated mechanical abrasions
cause degenerative changes in the meniscus, including the loss of type | and type Il collagen (Mora et
al., 2018a). The presence, incidence, and progression of bone marrow lesions have been linked to
progression and worsening of cartilage loss, including in locations adjacent to the lesions. Degenerative
bone marrow lesions include inflammation, trabecular abnormalities, fluid retention, and bone marrow
necrosis. They are a marker for increased metabolic activity, and their persistence is associated with
local cartilage damage (Gs & Mologhianu G, n.d.).Subchondral bone exhibits the typical morphologic
alterations including sclerosis, thickening of trabecules, and the development of osteophytes, which
signal increased bone tissue synthetic activity is known as bone remodeling. Type | collagen synthesis
rises and is most likely caused by a local rise in growth factors that promote osteoblast metabolism,
such as IGF-1, IGF-2, and TGF-B. It used to be believed that these bone abnormalities were "reactive"
to cartilage injury, but it is now believed that they happen early and concurrently with cartilage
involvement (Kuyinu et al., 2016; Li et al., 2020)

Mechanical stress has been linked to the cartilage fibrosis, thickening of the synovium and joint
capsule, subchondral bone marrow lesions that show up on magnetic resonance imaging (MRI) and

have been linked to discomfort (Mora et al., 2018a).Because of its strong innervation, the remodeling



Anushya Vardhini V /Afr.J.Bio.Sc. 7(2) (2025) Page 528

of the subchondral bone may be the source of pain. In this condition, pain can also result from
degenerated articular surfaces that include cartilage fragments cause the synovium membrane to become
inflamed (synovitis). Furthermore, the pain associated with osteoarthritis may be influenced by
peripheral neuronal sensitization and central sensitization, which may offer targets for medication

treatment (8).
Synovial Inflammation

There are two layers in a common synovium. The inner layer, also known as the lining layer,
which is crucial for preserving joint homeostasis. The outer layer of the synovium that assist various
joint functions (Zhao et al., 2023).In the KOA joint, synovitis is due to structural changes of enlargement
of the lining layer, vascular expansion, and infiltration of inflammatory cells (Scanzello
& Goldring, 2012; Wenham & Conaghan, 2010).The integrity of the articular cartilage surfaces is
preserved and protected by two vital chemicals produced by synovial lining cells: lubricin and
hyaluronic acid (HA).Pro-inflammatory and catabolic products, including as aggrecanases and
metalloproteinases, are also found in the synovial membrane and aid in the breakdown of the articular
matrix. As a result, changes in the synovial membrane may lead to lower levels of lubricin and
hyaluronic acid components that protect cartilage and higher levels of substances that promote articular
matrix deterioration (Scanzello & Goldring, 2012).

Wear debris and soluble cartilage-specific neo-antigens formed by the proteolytic breakdown
products of the cartilage matrix. These materials are discharged into the synovial fluid, the macrophages
phagocytose them. This leads to the synthesis of mediators, which permeate cartilage itself through the
fluid inside the synovial sac and feed the vicious cycle of elevated swelling and increased degeneration

of cartilage (21).
Molecular & Cellular Mechanism

In KOA, cytokines, chemokines, and other inflammatory mediators cause the degradation of
cartilage.Chondrocytes produce a variety of inflammatory mediators, including reactive oxygen species
like nitric oxide, superoxide, hydrogen peroxide, and peroxynitrite; cytokines and chemokines like 1L1,
IL-6, IL-7, IL8, IL-17, IL-18, MCP-1, LIF, GRO, and oncostatin M; and prostaglandins and
leukotrienes. These mediators work in an autocrine and paracrine manner to induce the production of
proteolytic enzymes by the chondrocyte, such as matrix metalloproteinases and aggrecanases, which aid
in the breakdown of the cartilage matrix (Geng et al., 2023; Loeser, 2008; Szala et al., 2024).

Apoptotic pathways, such as caspase 3 and poly (ADP-ribose) polymerase (PARP), are also
triggered. Changes in processes that preserve cellular balance, such as autophagy, are also observed,
along with a decrease in the expression of genes involved in the synthesis of ECM components, such as

COL2A1 and ACAN (Geng et al., 2023).The pharmacological activation of the TGF-b pathway can
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maintain the integrity of the articular cartilage during knee osteoarthritis, as loss of TGF-b signaling in
cartilage causes chondrocyte enlargement, which ultimately results in cartilage degradation (B. Xia et
al., 2014).

Articular cartilage homeostasis is greatly affected by the MMP family. While stromelysin
(MMP-3) and aggrecanase (ADAMT-4) play important roles in the degradation of extracellular matrix
(ECM), the collagenases (MMP-1, MMP-13) are in charge for breaking down the collagenous structure
it play a major role in the advancement of Knee osteoarthritis (KOA). IL-1 and TNF-a, two
inflammatory cytokines produced by KOA chondrocytes, that enhanced MMP expression, and reduce

the formation of extracellular matrix (Yunus et al., 2020).

The HIF-1a regulation system is primarily responsible for maintaining the tissue's homeostasis.
Chondrocyte enlargement in response to the hypoxic environment was caused by abnormalities in
HIF1a. A significant part of the joint development is attributed to the Wnt signaling pathways. Articular
cartilage degrades when the pathway that regulates Wnt is activated in subchondral bone. This reaffirms
the possibility that the pathway of Wnt signaling contributes to the KOA pathophysiology. After
inflammation, a neurotrophin called nerve growth factor (NGF) relays pain signals. Smad 2/3 complex
and activin receptor-like kinase 5 (ALK5) cause the increased production of NGF. To sum up, NGF may

play a significant role as a mediator in the KOA occurrence (Yunus et al., 2020).

EPIDEMIOLOGY

Knee Osteoarthritis is primarily an age-related condition; it is less frequent before the age of
40 but becomes more common as people age, aged 70 or older have radiographic evidence of the
condition in certain joints (de Sousa Gomes et al., 2021).The age- and sex-adjusted prevalence of knee
osteoarthritis was higher in rural areas (6.25 [95%CI 5.92-6.60]%) than in urban areas (4.01 [3.74—
4.29]%), according to a Maharashtra population-based study (Geng et al., 2023).The meta-analysis
focusing on the evaluation of the prevalence of symptomatic knee OA in China,21 studies (74,908
people) ,this shows a prevalence was found to be 14.6%. In previous research, the overall prevalence of
symptomatic knee OA was found to be 15.4% in southern Swede, while it was 10.5% in Canada
(Giorgino et al., 2023).Research conducted between 2012 and 2016 revealed that the total prevalence of
OA when compared to men, women had a greater prevalence of knee OA (19.1% vs. 10.9%,
respectively). Data from the Chingford Study in the United Kingdom revealed that over a 5-year period,

women between the ages of 45 and 64 had an incidence of radiographic knee OA of 17.6%(Kohn et al.,

2016).
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RISK FACTORS
Age

Since aging is defined by a progressive decline in cell and organ functioning over time, it is the
single highest risk factor for KOA. According to the Framingham Osteoarthritis Study, the prevalence
of KOA evidence increases with age, starting at 12.9% in those between the ages of 30 and 40 and
reaching 43.7% in those over 80 (He et al., 2020; Silman & Symmons, 1995).

Genetics

KOA is influenced by family history. Femoral, tibial, patellar, and total cartilage volumes were
predicted to have high heritability frequencies in a prior study. Anomalies in the COL2A1 gene, linked
to type Il collagen production, are also connected to KOA (Georgiev & Angelov, 2019; Grassel &

Muschter, 2020; Silman & Symmons, 1995).

Obesity / Over weight

Metabolic syndrome (Georgiev & Angelov, 2019; Kuyinu et al., 2016; Silman & Symmons, 1995)
and Obese patients (Zhao et al., 2023) causes an excessive mechanical loading on their knee joints,
which wears and tears articular cartilage and ruins ligaments, ultimately leading to a form of KOA

(Blagojevic et al., 2010; Carman et al., n.d.; Coppola et al., 2024; Georgiev & Angelov, 2019; Silman &

Symmons, 1995; Zeng et al., 2021)
Sex

The prevalence levels of KOA range by gender.Women were more likely than males to have
KOA in rural Tianjin (14.1% vs. 6.5%). Although the exact causes of the sex-based variations in KOA
incidence are unknown, estrogen levels may be involved (Silman & Symmons, 1995; Szilagyi et al.,
2023).

Race

The study was conducted among the elderly same-age group population in an urban area of
Chinese women and American women in the United States. The prevalence rates of radiological and
clinical KOA were significantly higher than those in American women which were 34.8 and 11.6%,

respectively (Palazzo et al., 2016).

Trauma
Trauma includes fractures to the articular surface, joint dislocations and articular injuries such as the
meniscus and ligament injury. The probabilities of developing KOA following Anterior Cruciate

Ligament (ACL) surgery and injury are around seven- and eight-fold higher (Georgiev & Angelov, 2019;

Silman & Symmons, 1995).
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Comorbidity

» Diabetics: Persistent hyperglycemia stimulates the production of oxidants, which in turn
increases the osteoarthritic cartilage's matrix catabolism (Coppola et al., 2024; Georgiev &
Angelov, 2019).

» Depression: The cause-and-effect link between the depressed symptoms and pain in KOA
patients is still unclear, there is a significant correlation between the two. KOA patients are
more likely to experience depressive symptoms compared with healthy people (Blagojevic et
al., 2010; S. T. Wang & Ni, 2022).

» Cardiovascular disease(CVD): Hall Aj et al discovered that the prevalence of heart failure and
ischaemic heart disease is much higher in those with KOA (B. Xia et al., 2014).The development

and progression of symptomatic OA are linked to the risk factors of CVD (Kadam et al., 2011).

Additional risk factors, including living in humid, chilly, and dark conditions, joint stress, physical
activity, occupational factors and professional sports training, and the effects of food, smoking, and

exercise, are disputed and need to be further investigated (McWilliams et al., 2011).

DIAGNOSIS

Clinical evaluation

A visual evaluation should be done before beginning a physical examination of the knee.
While the patient is upright, check for periarticular erythema and edema, flexion or valgus movement
deformities, and thigh muscle atrophy. Examine the surrounding skin for the presence and position of
any scars from prior surgical procedures, underlying evidence of trauma, or soft tissue lesions. Testing
for range of motion (ROM) is a crucial component of the knee exam .Exam findings associated with
Knee osteoarthritis (KOA) typically include crepitus, bone enlargement, non-inflammatory effusions,
and restricted range of motion. There could be pain with passive motion and tenderness at the joint
lines (Eijkenboom et al., 2019).

IMAGING TECHNIQUES :

Radiographic imaging is necessary in addition to a comprehensive history and physical
examination (Cushnaghan et al., 1990).
X-Rays / Radiographs

These are frequently used to diagnose and evaluate knee OA. The radiographic manifestation
of osteoarthritis includes the development of osteophytes, or bone spurs, on the joint borders and a

narrowing or reduction in the space between the joint's bones where cartilage has worn away. The
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following standard X-ray views can be used to image each joint: An AP (anteroposterior, or front-
toback) view, An external, lateral view, One or two 45-degree angled perspectives (Braun & Gold, 2012).

Advantages:

» Because of their speed, cost-effectiveness, safety, and wide accessibility, they have remained
the gold standard for knee OA screening (Kean # et al., 2004; Ruan et al., 2019; H. Xu et al.,
2019).

Limitations:

+ Radiographic results may not be seen early in the course of the illness and are not correlated

with its severity (Eijkenboom et al., 2019).
MRI:

When it comes to early clinical diagnosis, management, and therapy, the high sensitivity of MRI
imaging is important in identifying early KOA cartilage lesions and demonstrating early cartilage
degradation. Additionally, variations in bone marrow edema can be identified using the cartilage
sequence imaging approach (Ahmed & Mstafa, 2022; Kean X et al., 2004; Ruan et al., 2019; H. Xu et al.,
2019)

Advantages:
* KOA can be identified earlier with it than with standard radiographs.
* good sensitivity and excellent specificity (Menashe et al., 2012).
Limitations:

« Contrast agents come with rare adverse effects such as nephrogenic fibrosis, and require
intravenous access.

*  Very low risks of sensitivity reactions (Wenham et al., 2014)
CT scans:

When compared to XR's conventional 2D imaging, CT can provide 3D imaging of a joint.
When compared to MRI or XR, calcified cartilage, the subchondral bone plate, and trabecular
subchondral bone may provide better visualization of subchondral bone cysts and osteophytes

(Wenham et al., 2014)
Advantages:

» CT is more affordable, more accessible, and has significantly faster scan acquisition times

than MRI and it does require ionizing radiation (Wenham et al., 2014)
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Limitations:

» CT'sincapacity to identify abnormalities in soft tissues (Roemer, 2021)
High-Frequency Color Ultrasound Examination:

Ultrasonography is used to detect synovial inflammation, effusions, and any osteophyte developments
linked to Knee osteoarthritis can aid in the diagnosis. It provides excellent specificity and accuracy for
the liquid anechoic zones and soft tissue (Ahmed & Mstafa, 2022).

Advantages:
+ Itisquick, inexpensive, non-invasive imaging method.
Limitations:

» The Ultrasound beam's incapacity to enter the bone cortex(Méller et al., 2008)

LABORATORY TEST

» Cartilage Degradation Markers:

The C-telopeptide of cross-linked type 11 collagen (CTX-I1I), 45-mer peptide (C2C), shown during
degradation from the triple helical region of type Il collagen (Coll2-1) are among the various
degradation products of type Il collagen that have been identified. The detection of these degradative
type 1l collagen fragments by immunoassays has become a potential approach in the hunt for KOA

molecular biomarkers.

Serum biomarkers of cartilage metabolism, such as cartilage oligomeric matrix protein (SCOMP)
and procollagen type Il C-terminal propeptide (sPIICP), implicated in pathophysiology of KOA
(Papaneophytou et al., 2022).Urinary C-terminal type I collagen telopeptides (CTX I) was an accurate
predictor of the development of osteoarthritis, predicting both cartilage loss and osteophyte

(FunckBrentano & Cohen-Solal, 2015; Henrotin, 2022).

» Inflammatory-driven phenotype:

C-Reactive protein metabolite(CRPM) : The primary source of CRP is the liver, which also
releases it in reaction to infection and damage. Proteases like matrix metalloproteinases (MMPs) can

break down CRP and release its metabolites, it shows an inflammation markers.

Cytokine Oncostatin M (OSM): belongs to the IL-6 family and has been found in synovial
fluid from knee OA patients. The cytokine was found to have greater levels of other inflammatory
cytokines, such as TNF-a, IL-1a, and interferon gamma (IFN-y), which suggests a more inflammatory
condition (Henrotin, 2022).Patients with knee OA had plasma that has higher amounts of IL-1p, IL-5,
IL-6, IL-10, IL-13, and TNF-a than samples that show the same values (Bernotiene et al., 2020a).

OA environment may be linked to elevated blood levels of erythrocyte sedimentation rate

(ESR) and C-creative protein (CRP) due to its inflammatory character (Munjal et al., 2019)
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» Collagen degradation markers:

Collagen degradation markers (such as type Il collagen cleavage product [C2C] and
carboxyterminal telepeptides of type Il collagen [CTx-I1]) and collagen synthesis markers (such as N-
propeptide IIA and 1IB of type Il collagen [PIIANP, PIIBNP, and CPII]) are investigated because

abnormalities in these markers can signal the onset or progression of OA ((Burland et al., 2023).

+ ECM-derived markers and noncollagenous proteins:

Serum COMP has been investigated thoroughly in KOA populations and is a viable candidate as a
KOA diagnostic and prognostic biomarker .Patients with OA have been found to have significantly
higher serum HA levels, which have been linked to both radiographic progression and other factors
(Burland et al., 2023). ECM synthesis—PIIANP, PIIBNP, CPIl, CS846, and several others; ECM
degradation—CTX-Il, Coll2-1, C2C, C2M, Coll2-1NO2, cartilage oligomeric matrix protein (COMP),
aggrecan epitopes (ARGS, TEGE, FFGV), fibulin-3 epitopes, etc (Bernotiene et al., 2020b)

EMERGING DIAGNOSTIC TOOLS

* Machine Learning and Artificial Intelligence: s

A promising method for computer-aided diagnosis of osteoarthritis in the knee is deep learning
from 2D to 3D. The use of 3D CNN is still in its early stages, we believe that the creation of 3DCNN
techniques based on MR images will improve our knowledge of how the KOA illness progresses,
particularly about early identification of OA in the knee joint. This is where the role of artificial
intelligence becomes relevant. In summary, deep learning has great potential for creating clinical

decision support for osteoarthritis (Yeoh et al., 2021).

* Genetic and Molecular Testing :

One of the most active fields of study for KOA biomarkers is miRNA-based diagnostics.
Non-coding RNA molecules called miRNAs target the 3' UTR of mMRNA to control gene expression
by either causing mRNA degradation or preventing translation .Serum and synovial fluid were
found to contain OA-specific miRNAs in multiple investigations. They discovered that OA affected

both men and women differently in terms of miRNA signature expression. (Yeoh et al., 2021).

» Advanced Imaging Techniques :

o MRI-based biomarkers that have been validated for the purpose of forecasting KOA
outcomes, including as incidence, progression, and risk of TKA. Many MRI-based
biomarkers with excellent predictive performance Semi-quantitative evaluation of bone
marrow lesions for risk of TKA; quantitative measurements of cartilage and meniscus

for KOA incidence; quantitative assessments of osteophyte scores and quantitative
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infrapatellar fat pad texture analysis-based features for KOA progression(Nevalainen

etal, 2023).

o US is a cost-effective and easily accessible imaging technique that offers a compelling
means of evaluating the inflammatory and structural alterations in osteoarthritic joints.
The literature suggests that in the clinical setting for KOA diagnoses, US can be

genuinely viewed as an additional tool to CR (Nevalainen et al., 2023).

* Smart Devices :

Consumer electronics could support this tailored strategy by helping to determine each patient's
ideal amount of physical activity before it causes an exacerbation of pain.This creates the possibility of
individualized (digital) coaching, in which patients might be directed to engage in physical activity at a
level suitable for them, promoting activity levels that are up to but not more than those that worsen their

pain (Vivekanantham et al., 2023).
MANAGEMENT AND TREATMENT STRATEGIES

PHARMACOLOGICAL APPROACH
Analagesic

Clinical research also indicates that certain KOA patients may benefit from acetaminophen,
nonsteroidal anti-inflammatory drugs (NSAIDs), and opioids, which are necessary medications for
individuals with moderate to severe pain (T. Chen et al., 2021).
Acetaminophen

Acetaminophen is very potent analgesic that is frequently used to treat a variety of painful

disorders as a first-line analgesic. Acetaminophen should only be used for short-term rescue analgesia
when paired with long-term glucosamine or chondroitin sulfate, according to the 2019 policies from the
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis, and
Musculoskeletal Diseases (ESCEQ). No recommendation for or against the use of acetaminophen could

be made by the American Academy of Orthopaedic Surgeons (AAQS) (Primorac et al., 2021).
Non-Steroidal anti-inflammatory drugs (NSAIDs)
Drugs : Etoricoxib and Diclofenac are probably more beneficial (Primorac et al., 2021).
Most recommendations for the first-line treatment of pain for KOA point to acetaminophen and
nonsteroidal anti-inflammatory medications (NSAIDS) (Primorac et al., 2021). NSAIDs reduce
prostanoids, such as prostaglandins, and their anti-inflammatory and analgesic effects by reversibly

inhibiting the activity of the cyclooxygenase isoenzymes COX-1 and COX-2 (Yu et al., 2022) .



Anushya Vardhini V /Afr.J.Bio.Sc. 7(2) (2025) Page 536

Side effects : Liver toxicity, Gastrointestinal disorders, and Cardiovascular difficulties, safety
should be a top consideration when selecting them (T. Chen et al., 2021).

Opioids

Drugs: oxycodone, morphine, and tramadol.

These are not frequently given for the treatment of osteoarthritis. Opioids are agonists of the
opioid receptors in the central nervous system (CNS), which cause depression in the CNS when they
are activated (Intra-Articular Therapy in Osteoarthritis, n.d.).As a second-line therapy for arthritic
conditions the Asian guidelines recommend the use of opioids when NSAIDs are deemed insufficient
or ineffective.Opioids are useful in reducing pain and enhancing function; however, there is a higher
frequency of adverse events. When considering basic analgesics or nonsteroidal anti-inflammatory
drugs (NSAIDs), opioids are quite costly (Primorac et al., 2021)

Side effects: Sedation, Dizziness, Nausea, VVomiting, Constipation, Physical Dependence,
Tolerance, And Respiratory Depression(68).

TOPICAL AGENTS

Drugs :Daclofenac, ketoprofen, and ibuprofen .

These are commonly used NSAIDs that are used topically as a very easy and well-liked approach of
treating osteoarthritis (Intra-Articular Therapy in Osteoarthritis, n.d.).Topical NSAIDs are quite
effective in relieving pain in the musculoskeletal system when compared to oral NSAIDs (Primorac et
al., 2021).Their primary benefit over oral NSAIDs is their significantly lower side-effect profile, with
just a 5-15% serum concentration when compared to oral treatment .

Side effects: Systemic gastrointestinal 49and cardiovascular side effects ,skin reactions (dermatitis,
pruritus, and rash )at the application site (lannitti et al., n.d.; Intra-Articular Therapy in Osteoarthritis,
n.d.).

INTRAARTICULAR INJECTIONS:

When medication is no longer helpful, for patients who prefer to postpone or avoid surgery, or for
those who do not tolerate pharmacological oral therapy, intra-articular injection of the knee may be a
good option. A 22-gauge needle with a length of between 1.5 and 3.5 inches is the suggested needle
size. The most often reported side effects at the area of injection are pain and bleeding (lannitti et al.,
n.d.)

Corticosteroids(CS): Injectable corticosteroids are used to treat specific conditions, such as
osteoarthritic joint pain or tendinitis-related inflammation and pain. For a little while, CS injections
seem to reduce osteoarthritis patients' pain levels (Samuels et al., 2021).These stress hormones function
by interfering with the inflammatory and immunological cascade on several levels. They bind to the

glucocorticoid receptor(intra-Articular Therapy in Osteoarthritis, n.d.) and produce antagonistic action
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(interleukin-1); reduced production of immunoglobulins; impairment of leukotriene and prostaglandin
synthesis; inhibition of neutrophil superoxide production (Intra-Articular Therapy in Osteoarthritis, n.d.;
Testa et al., 2021).

Glucocorticoid (GC): Injections have been demonstrated to reduce pain, increase mobility, and
enhance quality of life in individuals with KOA(Q. Wang et al., 2022). When it comes to lowering pain
at our primary end goal of four weeks trial , an IA injection may have a greater effect than an
intramuscular glucocorticoid injection (Oo et al, 2018). Table 1:List of corticosteroids and

glucocorticoids drugs are mentioned in the table 1.

DRUGS DOSAGE REFERENCES
Triamcinolone acetonide, 10-20 mg (Geng et al, 2023;
Prednisolone acetate, 40mg Robinson et al., 2016)
Dexamethasone Acetate 8 mg
Methyl prednisolone acetate 20-80 mg
Triamcinolone hexacetonide 10-20 mg
Dexamethasone sodium 8 mg
Hydrocortisone acetate 10-25 mg
Betamethasone sodium phosphate and acetate 0.25-2 mL

TABLE 1:LIST OF CORTICOSTEROIDS AND GLUCOCORTICOIDS DRUGS

REGENERATIVE THERAPIES WITH STEM CELLS

Regenerative medicine may be a promising treatment for OA in the future, as evidenced by the
144 clinical trials that have been reported to far at www.clinicaltrials.gov examining the therapeutic
influence of stem cells on OA and on cartilage injuries(K. Xia et al., 2024). It has been observed that the
less intrusive method of introducing autologous Mesenchymal Stem Cells (MSCs) into the joint through
intra-articular injection in SCID mice is both practical and safe. Direct engrafting of MSCs into the
wounded location has been proposed as a way to prevent systemic distribution and toxicity while also
extending the cells' lifespan (Chow & Chin, 2020).In the cartilage of a rabbit arthritis model, MSCs were
found to restrict the breakdown of proteoglycan by reducing the production of TNF-o. and MMP-1. Also,
by releasing growth factors (like TGF-beta and IL-6), antioxidant compounds, and growth factors,
MSCs greatly reduced apoptosis and fibrosis (Antebi et al., 2014; Wu et al., 2019).Adult stem cells,
induced pluripotent stem cells (iPSCs), and embryonic stem cells (ESCs) are now the three types of
stem cells that are most frequently explored in relation to stem cell treatment (Wandel et al., 2010).

Hyaluronic Acid (HA)
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In 1934, Karl Meyer proposed the term "hyaluronic acid" (which is a combination of the Latin
phrases "hyaloid" [opaque] and "uronic acid") to describe the glycosaminoglycan that he could not
identify that he discovered from the humor of the vitreous of a cow’s eye (81). HA is a huge viscous
glycosaminoglycan molecule that occurs naturally in cartilage and synovial fluid. It is often referred to
as hyaluronate or hyaluronan. Its properties include shock absorption, traumatic energy dissipation,
protective coating of the articular cartilage surface, and lubrication (Raeissadat et al., 2013).Visco
supplementation was first authorized by the Food and Drug Administration in 1997 as a conservative
method for managing osteoarthritis (OA). In 2000, the American College of Rheumatology (ACR)
published a recommendation introducing viscosupplementation as a treatment option Control of pain
for osteoarthritis (lannitti et al., n.d.).When administered early in the course of the disease, HA not only
reduces the symptoms of KOA but also alters the structure of the affected joint and slows the disease's
progression (Trigkilidas & Anand, 2013).

Platelet-Rich Plasma (PRP)

PRP, an autologous whole blood derivative, has been demonstrated to have an agonistic effect
on mesenchymal stem cell proliferation as shown in vitro by the findings of Huang et al. (Huang et al.,
2009). and Kilian et al (EUROPEAN JOURNAL OF MEDICAL RESEARCH, n.d.) and chondrogenesis due to
its high concentration of growth factors. Additionally, PRP has been shown to have antinociceptive
and anti-inflammatory features (Majeed et al., 2018).According to findings from randomized clinical
trials,

PRP is preferable to other 1A and HA injections, for improving pain scales throughout the short-
and medium-term (612 months) (K. Y. Lin et al., 2019). PRP has been used to rejuvenate tissues and
utilized to treat soft tissue lesions, including fasciitis, tendinopathies, and the healing of persistent
ulcers. Prominent dental treatments that it is used for include bone regeneration in grafts, fracture
healing, and periodontal regeneration in dental implants (Gato-Calvo et al., 2019; Karsdal et al., 2016).
Disease Modifying Agents

Anticipate an improvement in osteoarthritis symptoms with disease-modifying osteoarthritis
medications (DMOADs). DMOADs logically target many targets, including subchondral bone
remodeling, cartilage breakdown, and synovial inflammatory mediators.The examples of DMOADS are
listed in the table 2.
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Canakinumab

Fibroblast growth factor family(FGF)

FGF-18 or sprifermin)

Human IgGk monoclonal

antibody.

Recombinant human
fibroblast growth factor

18 (rhFGF18)

300mg (S.C.)Blocks the
interaction between IL-

1B and its receptors.

30 g i.a in anabolic
effects on joint cartilage

S.NO DRUG CLASS/COMPOUND DESCRIPTION RESULT REFERENCE
1 Wnt pathway inhibition (X.R. Chenetal,
2024)
Loricivint (LOR)( SM04690) Blocking bispecific Shielding  impact on
tyrosine phosphorylation | chondrocytes and
kinase 1 a (DYRK 1A) preventing the cartilage
and CDC-like kinase 2 | break down factors .
(CLK 2), two
componentsof the Wnt
signaling pathway
o ] Inhibitors  of Janus
Inhibition of inflammatory response . Decreased proteoglycan
kinases (Jak)and kB loss and safeguarding the
Tofacitinib (Tofa) and TPCA-1 kinase (1kk) extracellular matrix of
cartilage.
2 Bispecific antibodies

(X.R. Chenetal,
2024)
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Inhibition of

matrix degradation

CL82198

Doxycycline

extracellular

Specific MMP-13

inhibitor.

Strong antibiotic, inhibits
MMPs.

Significant relief from OA
progression.

Slow down the rate of joint
space narrowing knee joint

(Jiang et
2024)

(Rannou
Poiraudeau,

2010; Saraev et
al., 2020)

Bisphosphonates

risedronate, zoledronic acid

(alendronate,

anti-resorptive drugs

Reducing subchondral bone
lesions and its symptoms

(Brito et al,
2023; Perlman

etal, 2012)

TABLE 2 : EXAMPLES OF (DMOADS )DISEASE-MODIFYING OSTEOARTHRITIS

Oral/dietary supplement

MEDICATIONS

Curcumin, vitamin D, and ginger: alleviate KOA patients' pain-related symptoms and

improve in physical function.

Chondroitin sulfate :It has been demonstrated that chondroitin sulfate reduces p38MAPK,

erkl/2 phosphorylation, and NF-kB nuclear translocation caused by IL-1p, improving the patient's

quality of life by easing the severe symptoms of the illness .When glucosamine is used with chondroitin,

either alone or in combination, it is statistically more efficient over a six-month duration and more

effective than a placebo at reducing pain in KOA patients (Ghouri & Conaghan, 2019)

NON PHARMACOLOGICAL APPROACH

Non-pharmacological therapies, including education and self-management, physical

activity, weight control, and walking aids, are now universally acknowledged as being essential
to the care of individuals with KOA.
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Exercise and neuromuscular training
These programs, which focus on balance, agility, and coordination, may reduces the pain and
enhance performance-based function, muscles surrounding the joints are strengthened with exercise
treatment and walking speed in the treatment of osteoarthritis in the knee (Mathieu et al., 2022; Yabuki
et al., 2019).Diet therapy, particularly reduced diets that lead to weight loss, appears to be a successful
therapy for osteoarthritis (OA) of the knee joint. Losing weight is useful in relieving symptoms and
preventing the development of structural damage (Bellamy, 1997).
Braces and canes
It could help patients with osteoarthritis in their knees feel better in terms of pain and function (7. Chen
etal, 2021)
Massage
According to recent study, massage can help promote muscle fiber regeneration by eliminating
inflammatory chemicals created throughout the process and removing neutrophils from severely
wounded muscle tissue (Liu et al., 2021). Because of its great safety record, low cost, and ease of use,
KOA patients often use it as an adjunctive and alternative therapy to manage their pain (J. Xu et al.,
2022).
Acupuncture
Electroacupuncture therapy can block inflammatory responses and lower the expression of
inflammatory cytokines in knee joints to provide beneficial properties (Ezzo et al., 2001; Wei et al.,
2022).Fire needle done by fairly puncturing certain bodily parts with a red-hot needle (Duan, 2023). It
relieves patients with their clinical symptoms, reduces inflammation and joint degeneration, and
enhances local blood circulation.Warm needles reduce MMP-3 and TNF-a inflammatory responses and
improve clinical symptoms by inhibiting the breakdown of subchondral bone. and reduces bone
resorption in subchondral bone in KOA patients (Ezzo et al., 2001).
Transcutaneous electrical nerve stimulation (TENS)
TENS primarily uses electrical stimulation to decrease nociceptive neurons' activity in the
spinal cord and inhibit nociceptive fibers' ability to transmit pain signals. Simultaneously, it causes the

release of endogenous opioids by the central nervous system to manage pain (McLarnon & Heron, 2021).

SURGERY INTERVENTION

When both pharmacological and non-pharmacological treatments are inefficient at producing
the desired results surgery is carried out (106).

Arthroscopy
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Knee joint arthroscopy for the analysis of the endoscopic interventions' timeliness in patients
with OA of the knee joint. Currently, the most common surgical treatments include total and partial knee
arthroplasty, and correcting periarticular osteotomies. Because of its well-proven technology and

effectiveness, which offer 90-95% pain relief with a 1-2% chance of complications (Karsdal et al., 2016;

Nguyen et al., 2017).

Joint Lavage

Joint lavage is the process of clearing the joint space of any loose tissue or debris. It entails
temporally placing tiny tubes into one or more knee entrance sites. At three months, joint lavage
provides a somewhat better level of pain alleviation than control, with a 0.3-cm decrease in discomfort
and a 0.2-cm increase in function on a 10-cm visual analogue scale (Steinhaus et al., 2017).
Total Joint Replacement

It is the only treatment that can effectively treat osteoarthritis in the knee and offers good overall

results in terms of cost-effectiveness, functional results, and reoperation. The last option for treating
KOA is thought to be total joint replacement. Numerous studies shown that following joint replacement
surgery, pain and function significantly improved (Liddle et al., 2013)(Chand et al., 2020; Gawai et al.,
2023).

CONCLUSION:

Knee osteoarthritis (OA) is a complex and multifactorial disease characterized by the
progressive degeneration of joint cartilage, subchondral bone changes, and synovial inflammation. The
pathogenesis of knee OA involves a combination of mechanical stress, metabolic alterations, and
inflammatory processes, influenced by both genetic and environmental factors. Key risk factors such as
aging, obesity, joint injury, and biomechanical abnormalities significantly contribute to its development
and progression. Early diagnosis of knee OA is critical for managing symptoms and preventing further
joint damage. Current diagnostic approaches include clinical evaluation, imaging techniques such as
radiography and MRI, and the assessment of biochemical markers, all of which can provide a more
comprehensive understanding of disease severity and progression.Continued research into the molecular
mechanisms underlying OA and the development of novel diagnostic tools may enhance our ability to
detect and treat the condition at earlier stages, ultimately improving patient outcomes. Given the
growing burden of knee OA globally, a multidisciplinary approach encompassing lifestyle
modifications, pharmacotherapy, and potentially regenerative medicine will be essential in managing

this debilitating condition.
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DISCUSSION:

Knee osteoarthritis (OA) is still one of the most common and disabling joint disorders afflicting
older adults more than any other age groups. The disease process of knee OA is complex and involves
various biomechanical and biochemical mechanisms, such as cartilage loss, remodeling of subchondral
bone, and inflammation of the synovium. In recent work, researchers have shown that pro-inflammatory
cytokines, matrix metalloproteinases (MMPs), and oxidative stress are drivers of the destruction of
tissues in the joints. This knowledge is essential in the formulation of drugs for treatments.

There are a number of known knee osteoarthritis (OA) risks, and it is age and obesity that bears
the highest weight. Even though it is highly adaptive for children and young adults, aging causes the
degeneration of this capability ideal for regenerative repair or restoration limiting such functions for
degenerative changes of such a joint only. Obesity on the other hand, elevates mechanical stresses on
the knees but also promotes the lowering of the threshold for the onset of inflammation development
thus aggravating OA. Other factors include previous damage to the joints, frequent trauma-causing
activities, and hereditary tendencies. These aspects indicate that environmental and physical
predispositions work together in the aetiology of osteoarthritis, which in turn, calls for interventions that
are tailored to individual risks.

Currently, the available diagnostic techniques of knee OA mostly depend upon clinical findings
and imaging studies. X-ray has been traditionally the preferred modality to assess the narrowing of joint
space and formation of osteophytes, it is however not capable of detecting minute changes involving
cartilage at an early stage of the condition. While MRI has sensitivity advantages, it is expensive, and
imaging at the initial stages of the disease is not the practice. Currently developing imaging analyses

are differentiating techniques with the potential to help in arthritis intervention and monitoring.
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ABBREVIATION:

OA Osteoarthritis

KOA Knee Osteoarthritis

RA Rheumatoid Arthritis

IL Interleukin

TNF-A Tumor Necrosis Factor

MMP Matrix Metalloproteinases

HA Hyaluronic Acid

IGF Insulin-Like Growth Factor-1

COMP Cartilage Oligeometric Matrix Protein

PGE Prostaglandin

LKB Lyman-Kutcher-Burman

FGF Fibrinogen B Beta

VEGF Vascular Endothelial Growth Factor

NGF Nerve Growth Factor

ECM Extracellular Matrix

CCL Chemokine Ligand

BCL B-Cell Lymphoma

ICE Immune Effector Cell Encephalopathy

GRO Cytokines

ADP- RIBOSE Adenosine Diphosphate—Ribose

PARP Poly Adenosine Diphosphate-Ribose Polymerase
COL2 Al Collagen Type 2 Alpha 1 Chain

ACAN Aggrecan

ADAMT-4 A Disintegrin-Like And Metalloprotease Domain
HIF-1A Hypoxia-Inducible Factor-1a

WNT — SIGNALLING Wingless-Type MMTYV Integration Site Family
ALK 5 Activin Receptor-Like Kinase-5

CvD Cardiovascular Disease

ROM Range Of Motion
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ROM Range Of Motion

MRI Magnetic Resonance Imaging

CT Computed Tomography

CTX11 Cerebrotendinous Xanthomatosis

cac Mmp-Degraded Type Il Collagen

SCOMP Cartilage Oligomeric Matrix Protein

CRPM C-Reactive Protein Metabolite

OSM Oncostatin M

P11AMP Type lia Collagen N-Propeptide

ARGS Antibiotic Resistance Genes

CNN Convolutional Neural Network

TKA Total Knee Arthroplasty

CR Computed Radiography

NSAIDS Nonsteroidal Anti-Inflammatory Drugs
COX Cyclooxygenase

CS Corticosteroids

SCID MICE Severe Combined Immunodeficiency Disease - Mice
MSC Mesenchymal Stem Cells

IPSC Induced Pluripotent Stem Cells

PRP Platelet-Rich Plasma

DMOADS Disease-Modifying Osteoarthritis Medications
TENS Transcutaneous Electrical Nerve Stimulation
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