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Abstract

Osteoarthritis, a prevalent and debilitating joint disorder, gradually erodes cartilage—the protective cushion between 
bones—leading to pain, stiffness, and reduced joint mobility, primarily in weight-bearing joints. While age, genetics, and 
joint injuries are key contributors, the symptoms, starting with minor discomfort, escalate to pronounced pain and limited 
movement. Timely diagnosis, involving patient history, exams, and imaging, is vital. Treatment entails pain management, 
physical therapy, lifestyle adjustments, and, in extreme cases, joint replacement surgery. Ongoing research offers hope for 
improved therapies, emphasizing early intervention and holistic approaches for enhanced joint health. This article delves into 
the depths of osteoarthritis, unraveling its underlying mechanisms i.e. pathophysiology, risk factors, diagnostic approaches, 
and management strategies including latest advancement. 
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BA: Betamethasone Acetate; BSP: Beta-Methasone Sodium 
Phosphate; PRP: Platelet-Rich Plasma.

Introduction 

In the intricate tapestry of human physiology, joints 
serve as the vital hinges that facilitate movement and 
provide structural integrity to the musculoskeletal 
system [1]. However, beneath their seemingly effortless 
performance lies a complex interplay of tissues, cartilage, 
and bone that can be susceptible to a range of degenerative 

conditions [2]. Among these, osteoarthritis emerges as a 
prominent adversary, silently eroding joint function and 
diminishing the quality of life for millions across the globe 

[3]. Osteoarthritis, often referred to as OA, a degenerative 
joint disease that progressively affects the articular cartilage, 
subchondral bone, synovial membrane, and other joint 
structures [4]. It is the most common form of arthritis, with 
its prevalence increasing steadily as populations’ age [5]. 
The burden of osteoarthritis extends beyond its physical 
impact, encompassing economic, social, and psychological 
dimensions that challenge individuals, families, and 
healthcare systems [6].

Methodology 

A thorough search was made on Google, PubMed, 
Research Gate, and Medical Wikipedia. Also various textbooks 
and published power point presentation were checked to 
fetch important points.
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Results

Pathophysiology of OA

Its pathophysiology is rooted in complex molecular and 
cellular processes that culminate in the breakdown of joint 
tissues, leading to pain, stiffness, and impaired mobility 
which can be described under following subheadings.

Articular Cartilage Deterioration: Central to OA’s 
pathogenesis is the progressive deterioration of articular 
cartilage, the smooth tissue that covers joint surfaces. 
Articular cartilage provides cushioning and enables 
frictionless movement within joints. However, a cascade of 
biochemical events, including increased production of matrix-
degrading enzymes, such as matrix metalloproteinases 
(MMPs) [7], and a decline in the synthesis of extracellular 
matrix components, compromises the structural integrity of 
the cartilage [8].
Subchondral Bone Changes: Alterations in the subchondral 
bone, the bone beneath the articular cartilage, play a 
pivotal role in OA progression. Excessive mechanical stress 
and inflammation lead to increased bone resorption and 
remodeling [9]. This dynamic interplay between cartilage 
and subchondral bone further amplifies the disease process.
Synovial Inflammation: Synovial inflammation is another 
hallmark of OA pathophysiology. The synovium, a thin 
membrane surrounding joints, becomes inflamed and 
releases cytokines that contribute to cartilage degradation 

[10]. Inflammatory mediators, such as interleukin-1β (IL-
1β) and tumor necrosis factor-alpha (TNF-α), promote the 
expression of MMPs and contribute to the vicious cycle of 
tissue damage.
Joint Tissue Repair Imbalance: While joints possess 
inherent mechanisms for repair, the imbalance between 
damage and repair mechanisms in OA accelerates disease 
progression. Reduced chondrocyte cellularity and altered 
differentiation impair tissue repair [11]. Additionally, 
compromised autophagy and oxidative stress further hamper 
cellular maintenance and repair processes [12].
Neurogenic Inflammation and Pain: OA-related pain is 
complex and involves neurogenic inflammation. Nerves in 
the joint tissues become sensitized, releasing pain-inducing 
neuropeptides and amplifying discomfort [13]. This neuro 
inflammatory response perpetuates the cycle of pain and 
functional decline in OA.

Risk Factors

Osteoarthritis (OA) is a prevalent joint disorder that 
results from the interplay of various factors, both intrinsic 
and extrinsic. While age remains a primary contributor, a 
multitude of risk factors collectively influence an individual’s 
susceptibility to developing OA.

Age and Aging: Advancing age is a pivotal risk factor for OA, 
with the prevalence of the condition increasing significantly 
among older individuals. The cumulative effects of wear 
and tear on joint tissues over time, coupled with reduced 
regenerative capacity, contribute to the heightened risk [14].
Genetic Predisposition: Genetic factors play a substantial 
role in OA susceptibility. Studies have identified specific 
genetic variants associated with an increased risk of OA 
development. These variants are involved in processes such 
as cartilage metabolism, inflammation, and bone remodeling 

[15].
Obesity and Mechanical Overload: Excess body weight 
places mechanical stress on joints, particularly weight-
bearing ones, which accelerates cartilage breakdown. 
Adipose tissue also releases pro-inflammatory cytokines 
that contribute to joint inflammation and degeneration [16].
Joint Injuries and Trauma: Previous joint injuries or 
trauma, such as fractures or ligament tears, can elevate 
the risk of OA. Joint misalignments resulting from injuries 
may lead to altered biomechanics, triggering degenerative 
changes [17].
Occupational Factors and Joint Strain: Certain occupations 
that involve repetitive joint movements, heavy lifting, or 
prolonged periods of standing can increase the risk of OA 
due to chronic mechanical strain on the joints [18].
Gender Differences: Gender also plays a role, as women 
are more prone to developing OA, particularly in the knee. 
Hormonal factors, differences in joint structure, and 
biomechanics contribute to this gender disparity [19].
Ethnicity and Socioeconomic Status: Ethnicity and 
socioeconomic factors can influence OA risk. Certain 
populations may have a higher prevalence due to a 
combination of genetic, lifestyle, and access-to-care factors 

[20].
Metabolic Factors: Metabolic conditions such as diabetes 
and metabolic syndrome are associated with an elevated 
risk of OA. Metabolic disturbances contribute to chronic low-
grade inflammation, which contributes to joint degeneration 
[21].

Diagnostic Approach of OA:

The diagnosis of osteoarthritis (OA) involves a 
multifaceted approach that combines clinical evaluation, 
imaging techniques, and patient history.

Clinical Assessment: Clinical evaluation remains a 
cornerstone of OA diagnosis. Physicians examine joints for 
signs of tenderness, swelling, and deformities. Pain, stiffness, 
and reduced joint function are assessed using standardized 
questionnaires, such as the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) [22]. Joint 
involvement and symmetry help differentiate OA from other 
types of arthritis.
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The clusters of sign and symptoms developed by Altman 
At All from the year 1986 in the clinical assessment of OA 
knee,
Knee pain along with
•	 Age >50 yrs.
•	 Morning stiffness <30 min. 
•	 Crepitation 
•	 Tenderness
•	 Bony enlargement due to formation of osteophytes 
•	 No increased temperature i.e. no palpable warmth.

•	 If knee pain along with 3 sign and symptoms are present 
out of above 6, then sensitivity of having OA is 95 % and 
specificity is 68 %.

•	 If knee pain along with 4 + sign and symptoms are 
present out of above 6 then sensitivity of having OA is 
84% and specificity is 89 %

Imaging Techniques: Imaging modalities provide valuable 
insights into joint structure and changes associated with OA. 
X-rays are commonly used to visualize joint space narrowing, 
osteophyte formation, and subchondral bone sclerosis [23]. 
Magnetic resonance imaging (MRI) offers high-resolution 
images of soft tissues, cartilage, and subchondral bone, 
aiding in the assessment of disease severity and progression 

[24] (Figure 1).

Figure 1: soft tissues, cartilage, and subchondral 
bone, aiding in the assessment of disease severity and 
progression.

Ultrasound: Ultrasound is gaining prominence in OA 
diagnosis due to its accessibility, cost-effectiveness, and 

ability to detect synovial inflammation, cartilage thinning, 
and joint effusion [25]. It can provide real-time visualization 
of joint structures and help guide interventions such as joint 
injections.
Laboratory Tests: While there is no specific blood test 
to diagnose OA, laboratory tests can help rule out other 
potential causes of joint symptoms. Blood tests may include 
measures of inflammation (e.g., C-reactive protein), joint-
specific markers (e.g., collagen breakdown products), and 
metabolic markers (e.g., blood glucose levels).
Diagnostic Criteria: Diagnostic criteria, such as those 
proposed by the American College of Rheumatology (ACR) 
and the European League Against Rheumatism (EULAR), aid 
clinicians in categorizing and confirming OA. These criteria 
consider clinical symptoms, imaging findings, and exclude 
other potential causes of joint pain and dysfunction [26].
Grading of OA: International Knee Documentation 
Committee (IKDC) System formed by group of knee surgeons 
from Europe and America in 1987 (Arthroscopy).

Grade Findings

A
No joint space narrowing ,defined in this system 

as at least 4mm joint space

B
At least 4mm joint space ,but small osteophytes, 

slight sclerosis or femoral condyle flattening
C 2-4 mm joint space
D < 2mm joint space

Table 1: Joint Space Finding.

Management Approach of OA

Osteoarthritis (OA) presents a significant challenge to 
individuals and healthcare providers alike, demanding a 
comprehensive and individualized approach to management. 
As a chronic degenerative joint disorder, OA’s treatment 
strategies encompass a range of interventions aimed at 
alleviating pain, improving joint function, and enhancing 
overall well-being which involves following approaches.
Goal of Treatment is 4R:
	Relieve pain
	Restore function
	Reduce disability
	Rehabilitation 

Lifestyle Modifications: Lifestyle changes are foundational 
to OA management. Weight management is crucial, as excess 
body weight exacerbates joint stress. Engaging in regular 
low-impact exercise, such as walking, swimming, or cycling, 
can strengthen muscles around the joints and improve 
flexibility [27]. Physical activity also aids in weight control 
and enhances overall joint function.

https://medwinpublishers.com/JOBD/
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Aerobic/endurance
Exercise modalities

Balance/proprioceptive Stretching
Resistance/strength training

Include activities like walking, 
climbing stairs, and cycling. They 

can decrease joint tenderness 
while improving functional status 
and respiratory capacity. Cycling is 

especially attractive to patients given 
the low impact profile [28]. [29]One 

study showed a reduction of 10–12% 
on the physical disability and the knee 

pain questionnaires [28]

Isometric, isotonic, isokinetic, and 
dynamic modalities have been 

studied. Most of them targeting 
quadriceps, hip abductors, 

hamstrings, and calf muscles. 
They improve strength, physical 

function, and pain levels, with 
similar efficacy and outcomes than 

aerobic exercises.

This includes modalities 
such as Tai Chi, using slow 

and gentle movements 
to adopt different weight 

baring postures while using 
breathing techniques.

This group will 
specifically 
help with 

patient’s range 
of motion and 

flexibility.

Table 2: Different Exercise modalities for Knee OA.

Pain Management: Pain control is a primary goal of OA 
treatment. Non-steroidal anti-inflammatory drugs (NSAIDs) 
and acetaminophen are commonly used for pain relief [30]. 
Topical analgesics, such as creams and gels, provide localized 
pain relief with fewer systemic side effects.

Currently, different guidelines have been developed by 

multiple academic and professional societies to standardize 
and recommend the available treatment options (Table 
3). Among these, we can find the Osteoarthritis Research 
Society International (OARSI), [31] American College 
of Rheumatology (ACR) [32] and American Academy of 
Orthopedic Surgeons (AAOS) [32] publications.

Societies recommendations
Treatment OARSI ACR AAOS

Exercise (land and water based) Appropriate Strong recommendation Strong recommendation
Transcutaneous electrical nerve 

stimulation (TENS) Uncertain Conditional 
recommendation Inconclusive

Weight control Appropriate Strong recommendation Moderate 
recommendation

Chondroitin or Glucosamine Not appropriate for disease 
modification, Uncertain

Recommended against 
use

Recommended against 
use

Acetaminophen Without comorbidities: appropriate Conditional 
recommendation Inconclusive

Duloxetine Appropriate No recommendation No recommendation

Oral NSAIDs Without comorbidities: appropriate 
With comorbidities: not appropriate

Conditional 
recommendation Strong recommendation

Topical NSAIDs Appropriate Conditional 
recommendation Strong recommendation

Opioids Uncertain No recommendation Recommended only 
tramadol

Intra-articular corticosteroids Appropriate Conditional 
recommendation Inconclusive

Intra-articular 
viscosupplementation Uncertain No recommendation Recommended against 

use

Note: Data from these studies [31-33].
Table 3:- Knee osteoarthritis management recommendations from societies.
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Physical Therapy: Physical therapy plays a pivotal role in 
OA management. Therapists design personalized exercise 
programs that address joint-specific issues, improve range 
of motion, and strengthen muscles. Techniques like manual 
therapy and modalities (e.g., ultrasound, heat) can also 
provide relief [34].
Assistive Devices: The use of assistive devices, such as 
braces, shoe inserts, and canes, can help alleviate joint strain 
and improve mobility [35]. Customized orthotics can help 
correct joint alignment and reduce pain.
Injections: Intra-articular injections offer targeted pain relief 
and reduction of inflammation. Corticosteroid injections can 
provide short-term relief, while hyaluronic acid injections 
aim to lubricate the joint and improve mobility [36].

Currently, the available FDA approved Immediate 
Release (IR) corticosteroids for Intra Aurticular usage are: 
Methylprednisolone Acetate (MA), Triamcinolone Acetate 
(TA), Triamcinolone Hexacetonide (TH), Betamethasone 
Acetate (BA), Beta-methasone Sodium Phosphate (BSP), 
and Dexamethasone [37]. Dosages equivalent or higher than 
50 mg of prednisone (equivalent to 40 mg of TA and MA) 
seems to be linked to a longer pain relief effect of 12-24 weeks 
compared to the short pain relief of 2-4 weeks reported with 
lower dosages [38]. Yavuz, et al. [39] mentioned that MA can 
provide superior pain relief in the first 6 weeks compared 
to the other corticosteroids used (TA, BDP), but all of them 
provide equivalent analgesia from week sixth to 12th. Pyne, 
et al. [40] also suggested that TA acts quicker and provides 
better pain relief for the first 3 weeks than MA, but the 
effect of the latter might not start immediately, thus it might 
provide better analgesia after the eighth week [40]. A recent 
comparative study by Buyuk, et al. showed that both MA and 
TH were equally effective until week 24th with a peak of 
action by the second week [41], confirming similar findings 
by Lomonte, et al. [42].

Surgical Interventions: For cases of severe joint damage 
that significantly impairs quality of life, surgical options 
may be considered. Joint replacement surgery, such as total 
knee or hip replacement, can effectively restore function and 
relieve pain in appropriately selected candidates [43].
Complementary And Alternative Therapies: Some 
individuals find relief through complementary therapies like 
acupuncture, chiropractic care, and dietary supplements 
(e.g., glucosamine and chondroitin) [44]. While evidence for 
their efficacy varies, they may provide additional options for 
symptom management.

Advancements in Osteoarthritis Management

Biologics and Regenerative Therapies: Advancements in 
biologics and regenerative therapies, such as platelet-rich 
plasma (PRP), mesenchymal stem cell injections, and growth 

factor therapies, have shown promise in promoting tissue 
repair and reducing inflammation in osteoarthritis [45].
Precision Medicine: Tailoring treatment approaches based 
on an individual’s genetic makeup, biomarkers, and disease 
characteristics is gaining traction. This approach can help 
identify the most effective interventions for each patient 
[46].
Disease-Modifying Drugs: Researchers are exploring 
medications that can modify the course of osteoarthritis by 
targeting specific pathways involved in joint degeneration. 
Some investigational drugs aim to slow down cartilage 
breakdown and promote repair [47].
Digital Health and Wearable Devices: Digital health tools, 
such as smartphone apps and wearable devices, are being 
used to monitor and manage osteoarthritis symptoms. These 
technologies can track physical activity, provide exercise 
guidance, and offer real-time feedback [48].
Nutraceuticals and Dietary Interventions: Certain 
nutraceuticals and dietary supplements are being 
investigated for their potential to support joint health 
and reduce inflammation. Compounds like curcumin and 
omega-3 fatty acids are being studied for their benefits in 
osteoarthritis management [49].
Telemedicine and Remote Monitoring: Telemedicine 
has become increasingly important, allowing healthcare 
providers to remotely monitor and manage patients with 
osteoarthritis. Virtual consultations, remote physiotherapy, 
and medication management are being facilitated through 
digital platforms [50].

Discussion

OA is a heterogeneous disease caused by multiple 
factors, the interplaying mechanisms among different 
OA symptoms, such as articular cartilage degradation, 
osteophyte formation, subchondral sclerosis and synovial 
hyperplasia, which occurs as a result of complex interplays 
among genetics, lifestyle, and aging, is a reminder of the 
intricate balance our bodies strive to maintain. Its gradual 
erosion of joint function and comfort underlines the 
importance of vigilance and preemptive measures. Although 
multiple hypotheses have been proposed but still does not 
have a clear pathophysiology or a single most efficacious 
intervention to treat the symptoms and degeneration 
associated, there is not a clear etiology or understanding of 
its natural course. Based on those hypotheses, a wide variety 
of treatments have been developed and tested, some more 
successful than others, but ultimately all of them are aimed 
to decrease pain, increase function, and delay the necessity 
for a surgical joint replacement. Exercises in early stages are 
a valuable therapy for these patients and it is recommended 
by all the medical societies. Exercise routines should be 
tailored to every patient’s needs/tolerance and preferences, 
high impact activities should be avoided, and long-term 
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adherence should be maximized to increase success. 
Weight management plays an important role in symptom 
management, and it has been noted that the benefit of 
exercise is potentiated by the reduction of weight. A close 
understanding of the active biological and cellular processes 
that contribute to disease pathology at a given stage of OA 
progression is fundamental to targeting the individual 
components of the pathophysiological process with specific 
therapeutic agents and detecting them at the earliest stages.

As OA initiation and progression are not so clear therefore 
awareness of risk factors and proactive lifestyle choices 
become invaluable companions in this journey, shielding 
us from the weight of avoidable pain. More researches 
should be done for clarification of underling mechanisms 
and we should focused more towards holistic approach like 
Ayurveda for osteoarthritis management.
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