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Abstract: Osteoarthrltls (OA) has long been regarded as a passive, “wear-and-tear”
degenerative disease of'articular cartllage but contemporary evidence reframes it as a low-
grade chronic inflammatory disease affecting the whole JOlPt organ — synovium, cartilage,
and subchondral bone alike. This narrative review synthesizes current evidence on the
inflammatory pathogenesis of O A and-modern treatmenf‘étrategies drawing on the 2019
OARSI guidelines for the non-gurgical management of knee, hip, and polyarticular
osteoarthritis and subsequent updates' through 2025. Mechamcal joint stress and
chondrocyte senescence rélease damage-associated molecular patterns (DAMPs) that
engage Toll-like receptors\ (')r'f"siyn\oviocytes and macrophages, activating NF-kB signaling
and driving secretion of interleukim®¥f:(IL-1p), tumor necrosg'fsé’factor-alpha (TNF-a), and
interleukin-6 (IL-6). These cytokines induce chondrocyte expression of matrix
metalloproteinase-13 (MMP-13),-and ADAMTS-5, degrading type II collagen and
aggrecan, while low-grade synavitis, subchondral bone rémodeling, osteophyte formation,
and neoangiogenesis with nerve ingrowth close a self-perpetuating whole-joint
inflammatory cycle that sustains both structural progression and pain. Modern
management remains predominantly symptomatic: core non-pharmacologic treatment
(exercise, education, and weight management) underlies all care, topical and oral anti-
inflammatory agents and intra-articular corticosteroids or hyaluronic acid provide
symptom control, and emerging disease-modifying osteoarthritis drugs (DMOAD:s)
targeting inflammatory and catabolic pathways remain investigational, with no agent yet
approved for disease modification. A mechanism-based understanding of inflammation in
OA, combined with individualized, comorbidity-informed non-surgical management and
judicious use of surgery in advanced disease, is central to reducing pain and disability,
including within the healthcare system of Uzbekistan.

&y
‘;,s.

»



European science international conference: ’%’}‘
MODERN PROBLEMS IN EDUCATION AND THEIR SCIENTIFIC '(I',
SOLUTIONS

Keywords: Osteoarthritis, synovitis, inflammation, cartilage degradation,
interleukin-1B, matrix metalloproteinase, subchondral bone, disease-modifying
osteoarthritis drug.

Methods

This work was prepared as a narrative literature review. A literature search was
conducted in September 2026 using PubMed, the OARSI and ACR publication databases,
and the websites of major rheumatology and orthopedic societies, with the search terms

99 ¢¢ 99 ¢, 99 ¢¢

“osteoarthritis,” “synovitis, 1nﬂammat10n
osteoarthritis drug,” and “OARSI guldehnes combined with filters for publication in
English between 2016 and 2026. i’norlty was given 'f’) the 2019 OARSI guidelines for the
non-surgical management of knee, hip, and polyarticular osteoarthritis, subsequent OARSI
and ACR guideline updates, “systematic reviews, and peer-reviewed original research;
narrative summaries from esfabiished clinical reference sources were included for
foundational background. Case’ reports and articles without accessible full text were

excluded. A total of twelve sources meeting these criteria were selected and synthesized

cartilage degradation,” “disease-modifying
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for this review. 1 - ‘A
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Introduction =57 > 3

Osteoarthritis is the most common joint disease worldwide and a leading cause of pain
and disability, classically attributed to méchanical wear of articular cartilage with aging.
This traditional view treated cartilage1oss as a largely pa“sk“ive degenerative process, with
inflammation regarded as a late, secondary consequence of structural damage rather than
a driver of disease. <

Contemporary understanding has substantially revised this framework OA is now
recognized as a disease of the o entlre joint organ, in which low-grade, chronic inflammation
of the synovium — often suhch@l- and undetectable onspﬁyswal examination — is
present from early stages/and actively drives cartilage catabolism, subchondral bone
remodeling, and pain, This’ inflammatory patadlgm has reframed OA research toward
mechanism-targeted  disease-modifying therapies, even as current clinical management
remains largely symptomatic, as reflected in the OARSI and ACR guidelines.

The aim of this review is to summarize the inflammatory mechanisms driving cartilage
and subchondral bone pathology in osteoarthritis and to outline modern, evidence-based
treatment strategies, with particular emphasis on updated international non-surgical
management guidelines and emerging disease-modifying approaches.

Understanding the inflammatory basis of OA and its modern management is relevant
across several areas of clinical practice, including:

e Rheumatology (diagnosis, disease monitoring, and pharmacologic
management)
e Orthopedic surgery (timing of intra-articular therapy and joint arthroplasty)
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e Sports medicine (management of post-traumatic and early-onset
osteoarthritis)

e Physical medicine and rehabilitation (exercise-based core treatment and
functional restoration)

e Primary care and geriatrics (weight management, comorbidity-guided drug
selection)

e Pain medicine (management of nociceptive and centrally sensitized OA pain)

Pathogenesis of Inflammation in Osteoarthritis

The inflammatory cascade_ef OA begins with mechanical and biological stress on the
joint. Repetitive loading, joint® malahgnment obesity, prior injury, and age-related
chondrocyte senescence togethen Bromote breakdown of the cartilage extracellular matrix.
This breakdown releases damage-associated molecular patterns (DAMPs) — including
fragmented fibronectin and alarmins such as SI00A8/A9 — into the joint space, where
they are not cleared by an adaﬁtiVewtoimmune response, as in rheumatoid arthritis, but
instead engage the innate immune system directly.

DAMPs bind Toll like receptors 2 and 4 (TLR2/4) expressed on synoviocytes and
resident synovial macrophages actwaﬂng the NF-kB signaling pathway. This triggers a
low-grade, chronic ‘synowviis charaeterrzed by secretion of the principal pro-inflammatory
cytokines of OA: interleukin-1p (IL-1pB); tumor necr0‘51s factor-alpha (TNF-a), and
interleukin-6 (IL-6). Unlike the florid,| clinically evident synovitis of inflammatory
arthritides, OA synovitis is often subtle;"detectable primérﬁy on ultrasound or MRI, yet it
is present from early in the“disease course and correlates with pain and structural
progression. < ‘

These cytokines act~directly on chondrocytes, inducing expression of matrix
metalloproteinase-13 (MI\’IP 'T3) the principal collagenase degradmg type II collagen, and
ADAMTS-5, the dominant aggrec’anase responsible forrproteoglycan loss, while
simultaneously suppressing‘chondrocyte synthesis of new matrix. The combined effect of
accelerated catabolism« and impaired anabolic_ repair produces progressive cartilage
thinning and fibrillation, marking the transition from sibclinical joint stress to clinically
apparent osteoarthritis. This stepwise inflammatory pathway is illustrated in Figure 1.
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Mechanical stress & chondrocyte senescence

Repetitive joint loading, malalignment, obesity and aging drive cartilage matrix breakdown and senescent
chondrecyte accumulation

v

Release of damage-associated molecular patterns (DAMPs)
Fragmentad fibronectin, alarmins (S100AB/A2) and extraceliular matrix debris are released into the joint spaca

v

Innate immune activation
DAMPs engage Toll-like receptors 2/4 on synoviocytes and macrophages, activating the NF-k8 signaling pathway

v

Pro-inflammatory cytokine release
Low-grade synovitls develops as interfeukin-18 {(IL-18), tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6)

© 0 O 6

are secreted into the synovium
v
N
Catabolic enzyme-driven cartilage degradation
Cytokines Induce chondrocyte MMP-13 and ADAMTS-5 expression, degrading type Il collagen and aggrecan and

initiating clinically apparent osteoarthritis

J

Figure 1. The stepwise inflammatory pathway in osteqarthritis: mechanical stress and
chondrocyte senescence release DAMPs [that activate innate immune signaling, driving
pro-inflammatory cytokine releaWtabolic enzyme'—f,m\ediated cartilage degradation.

The Self-Perpetuating Who‘e-J oint Inflammatory Cycle

Inflammation and structural ‘damage in OA are m&uaﬂ‘l‘y\reinforcing rather than
sequential. Cytokine-driven®€artilage catabolism’does not remain c‘(\)‘nﬁned to the cartilage:
as the matrix degrades, e mcal load is transferred to th subchondral bone, which
undergoes abnormal remo;i%g@@ctenzed by sclerosisebone marrow lesions, and
osteophyte formation at the' joint margins. This subchondral bone response further
compromises the mechan‘{ca'l'envuonment of the overlying cartilage.

Concurrently, fhe*mﬂan‘led synovium ' and remc?déﬁ"g subchondral bone promote
neoangiogenesis and the ingrowth of sensory nerve fibers into the normally aneural
osteochondral junction, a process driven substantially by nerve growth factor (NGF). This
vascular and neural invasion sensitizes the joint to pain and correlates closely with OA
symptom severity, often more strongly than radiographic severity. As cartilage and bone

matrix continue to break down, additional DAMPs are released into the joint space, re-
engaging synovial innate immune activation and closing a self-amplifying cycle that
sustains both structural progression and chronic pain. This reinforcing loop is depicted in
Figure 2.
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Figure 2. The self-perpetua}ing Whole-join_t ‘inﬂam@t@.@&cycle in osteoarthritis:
synovitis drives chondrocz catabolism and cartilage matrix'lb‘ss, subchondral bone

remodeling, and neoangi is with nerve ingrowth, releasing further DAMPs that re-

.

activate the synovium. ; i
The principal inflammat 1ators driving this cycle, and their main pathogenic

effects, are summarized Lp*fﬁible |

Mediator Principal Cellular Main Pathogenic Effect
‘ Source
Interleukin-13 Synovial  macrophages, Induces MMP-13  and
(IL-1PB) chondrocytes ADAMTS-5, suppresses
collagen/aggrecan synthesis
Tumor necrosis Synoviocytes, Amplifies NF-xB
factor-alpha (TNF- | macrophages signaling, sustains synovial

o) inflammation
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Mediator Principal Cellular Main Pathogenic Effect
Source
Interleukin-6 Synoviocytes, Promotes cartilage
(IL-6) chondrocytes catabolism and systemic low-
grade inflammation
MMP-13 Chondrocytes Primary collagenase
It )' 3 A pase degrading type II collagen
'l"., Ve fibrils
ADAMTS-5 Chb‘rbcfrocytes, ) Principal aggrecanase;
synovioeytes degrades proteoglycan
‘ ‘.’/A P aggrecan core
T
Nerve  growth Synovu})cytes Drives  sensory  nerve
factor (NGF) chondrocytes osteoblasts sprouting and peripheral pain
o= EA S sensitization
,.l-:: Ty ‘r 0/ 1
Modern Treatment Strategies ) :

Despite the inflammatory reframing of OA pathogenesw no disease-modifying
osteoarthritis drug (DMOAD) “has Vet received regﬁatow approval, and current
management according to the”2009 OARSI guidelines and subsequent updates remains
predominantly symptomatic and stratified by comorbldlty’Core treatment — structured
exercise, patient education, afid dietary weight management for! overweight or obese

patients — is recommended for all individuals with knee;, hip, or polyarticular OA
regardless of disease severity, M the foundation upon \fﬁ‘lzh pharmacologic therapy
is added. A3 £

Topical NSAIDs, arfﬁ s.trOngly ‘recommended . as ﬁrst line pharmacologic therapy for
knee OA given théir favorable systemic safety proﬁle with oral NSAIDs or COX-2
selective inhibitors considered for inadequate response, taking into account
gastrointestinal, cardiovascular, and renal comorbidity. Intra-articular corticosteroid
injections provide short-term relief by directly suppressing synovitis, while intra-articular
hyaluronic acid may be offered depending on individual comorbidity profiles, though its
benefit is more modest and inconsistent across trials. Current guidance recommends
against routine opioid use and against intra-articular platelet-rich plasma or mesenchymal
stem cell injections, reflecting persistently low-quality supporting evidence for these
interventions.

The inflammatory paradigm of OA has motivated a growing pipeline of investigational
DMOADs that directly target the mechanisms described above: anti-NGF monoclonal
antibO(_iies11 (such as tanezumab) address pain arising from neoangi0fenesis and nerve
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ingrowth, IL-1 pathway inhibitors aim to interrupt cytokine-driven cartilage
catabolism, and fibroblast growth factor-18 analogues (such as sprifermin) attempt to
stimulate cartilage anabolism directly. As of the most recent OARSI-affiliated literature
reviews, however, none of these agents has demonstrated a sufficiently favorable efficacy
and safety profile to achieve approval as a disease-modifying therapy, and total joint
arthroplasty therefore remains the definitive intervention for advanced, symptom-limiting
disease that has not responded to non-surgical management. The principal treatment

categories and their current evidence base, are summarized in Table 2.

Treatment Modern Approach and Evidence Base
Category

o Core Stru,.cﬂ;;ed land based’ exercise, patient education, and
(foundational) dletary’ ~weight mapagement for overweight patients;

recommended for all patients regardless of disease stage

@ Topical / oral [ Tc‘)picaﬁ NSAIDs are ﬁrst—line for knee OA; oral NSAIDs or
pharmacologic COX-2 1;1h1b1tors con51dered with attention to gastrointestinal,
.cardtovascular aﬁd renal comorbldlty

@ Intra-articular Intra articular’ cortlcoster01d§ provide short-term relief of
therapy synovitis; intra- articular hyalurenic acid may be considered
depending on comorbidity profile"
@® Discouraged Curr\ent OARSI guidance <recommends against intra-
interventions artieular platelet-rich plasma and stem’, cell injections, and
@arﬂﬂt routine opioid use, given low- quahty evidence
® Emerging ancst-l-gaﬁonal disease- modlf ng OA drugs targeting
DMOADs 1nﬂammat10n and  pain include  anti-NGF  antibodies

,(tane\zuma‘b), IL-1-pathway-inhibitors, and FGF-18 analogues
(sprifefmin); none are yet approved for disease modification

o Surgical Total joint arthroplasty is reserved for advanced, refractory
management disease after non-surgical options have been exhausted
Conclusion

Osteoarthritis is now understood not as a passive degenerative process but as a low-
grade, chronic inflammatory disease of the whole joint, in which DAMP-driven innate
immune activation, pro-inflammatory cytokine release, catabolic enzyme-mediated
cartilage breakdown, subchondral bone remodeling, and neoangiogenesis with nerve
ingrowth together form a self-perpetuating cycle that drives both structural progression and

pain. Jr
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Current evidence-based management, guided by the OARSI and related

international guidelines, remains centered on core non-pharmacologic treatment
supplemented by symptom-directed pharmacologic and intra-articular therapy, while
emerging disease-modifying agents targeting the inflammatory pathway remain
investigational. Continued application of mechanism-based understanding, individualized
comorbidity-guided treatment selection, and timely surgical referral where indicated holds
the potential to reduce pain, preserve function, and.improve long-term quality of life for
patients with osteoarthritis, including within the healthcare system of Uzbekistan.
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