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ABSTRACT. - Osteoarthritis (OA) is a chronic and
progressive degenerative disease that affects
joint structures, such as the hips, knees, and
hands, involving the articular cartilage, subchon-
dral bone, ligaments, capsule, and synovium. OA
is characterized by a progressive degeneration
of the joint structures, resulting in pain and de-
creased quality of life. Local and systemic risk
factors pave the way for OA development. Differ-
ent phenotypes may be identified, but three main
molecular mechanisms define the endotypes: the
bone-driven endotype, the synovitis-driven endo-
type, and the cartilage-driven endotype.

The hallmark of OA pathophysiology involves
more than just mechanical degradation; it in-
cludes the release of pro-inflammatory media-
tors, such as interleukins and TNF-a, which eluci-
dates the significant roles of metabolic syndrome,
diabetes, and cellular senescence in its develop-
ment. OA is distinguished by a clinical presenta-
tion that varies significantly between people and
is marked by pain, stiffness, and functional im-
pairments. The clinical course can be split into
Pre-OA, Early OA, Evident OA, and End-Stage.

Depending on the stage of the disease, OA di-
agnosis frequently necessitates a complex strate-
gy that combines clinical evaluation to detect joint
tenderness, range of motion, and joint swelling or
abnormalities, medical history assessment, imag-
ing modalities, and laboratory investigations.

There is no known treatment for OA, and dif-
ferent therapies are usually evaluated based on
the stage of the disease to minimize pain and

stiffness while maintaining joint function. Treat-
ments are divided into the reduction of mod-
ifiable risk factors, pharmacologic therapies,
rehabilitation, complementary therapies, inter-
ventional pain procedures, and surgery. OA clin-
ical heterogeneity underlines the importance of
prevention, early diagnosis, and identifying the
phenotype and endotype to tailor the treatment.
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Introduction

Osteoarthritis (OA) is a chronic and progres-
sive degenerative disease that affects joint struc-
tures, including articular cartilage, subchondral
bone, ligaments, capsule, and synovium'. It is the
most prevalent form of arthritis and a major cause
of pain and disability in middle age and the elder-
ly?, with a global prevalence of 596 million®.

The degradation of articular cartilage structure
and function is a significant hallmark of OA*”,
along with alterations in bone structure and syno-
vitis resulting in clinical complaints, such as joint
pain and limitation in mobility, social participa-
tion, and poor quality of life*.
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Over the years, the knowledge about OA has
evolved significantly towards new concepts of
OA phenotypes® and endotypes’. The difference
between phenotype and endotype (Figure 1) lies
in the intrinsic molecular mechanism that is well
defined in the latter and might be different from
the phenotype, which is just a subgroup of clinical
characteristics that allows identifying a specific
disease®. Therefore, OA may include different
phenotypes, which can be grouped into primary
and secondary phenotypes. Primary phenotypes
originate from factors within the joint itself, such
as inflammatory synovitis or ligamentous laxity,
whereas secondary phenotypes arise from ex-
ternal factors, such as hormonal imbalances. All
these phenotypes may share a common endotype,
such as inflammation, which is the molecular
pathway explaining how the disease develops®.

OA patients’ stratification in specific subsets
might prove helpful in building tailored trials and
treatments aimed towards a particular phenotype
and endotype of the disease, significantly improv-
ing the efficacy of the interventions’.

This review article aims to provide a holistic
perspective on OA, spanning from its epidemiol-
ogy, etiology, and molecular mechanisms to the
latest breakthroughs in diagnosis and innovative
therapeutic approaches to inspire new insights
and avenues for research. We will offer a com-

prehensive vision of the disease’s complexity by
delving into the intricate molecular pathways,
exploring the genetic predispositions, and un-
raveling the inflammatory cascades that underlie
OA. Furthermore, we will examine the evolving
landscape of OA management, emphasizing not
only emerging pharmacological interventions and
regenerative therapies but also rehabilitation ap-
proaches and lifestyle modifications that can ef-
fectively counteract this disabling condition in a
multimodal and multidisciplinary strategy.

Epidemiology

OA epidemiology varies across different joints,
with knee, hip, hand, foot and ankles, and spinal
OA presenting unique challenges and consider-
ations. Another joint that can be affected by OA
is the shoulder, which is relatively less prone to
OA compared to weight-bearing joints like the
knee and hip'®. The lack of a unique OA definition
explains why the prevalence and incidence vary
greatly among the different studies for each joint.

According to 2019, the global OA population
was over 528 million, up 113% from 1990'!. Pre-
cisely, in Italy, the prevalence of OA in 2021 was
estimated to be 15.9 %'. Notably, 73% of osteo-
arthritis patients are 55 or older®. Furthermore,

PRIMARY PHENOTYPES

INTRA-ARTICULAR LEVEL

OSTEOARTHRITIS

SECONDARY PHENOTYPES

/

Articular cartilage phenotype Ry
Sinovitis inflammatory phenotype m
Subcondral bone phenotype

Meniscal associated phenotype

ENDOTYPES

N
Post-traumatic phenotype ?‘70 =

Crystal disease phenotype (

Autoimmune phenotype R)f

[ )
Senescence-driven phenotype r?‘

Endocrine phenotype “

Figure 1. Primary and secondary OA phenotypes.
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approximately 60% of those affected by this con-
dition are female®.

With 365 million instances, the knee joint is
the most common. Hip and hand joints follow'.
The prevalence of knee OA varies among differ-
ent studies depending on gender, clinical status,
race, and geography. In the US Framingham co-
hort, symptomatic knee OA was 7% in people
over 45",

The Framingham Osteoarthritis Study con-
ducted between 1983 and 2005 found that knee
discomfort and symptomatic knee OA increased
with age in people 70 and older. This rise was
twice for women and three times for men fol-
lowing age and BMI adjustments (BMI)'. It is
estimated that the age-standardized and sex-stan-
dardized incidence of knee OA is around 250
cases per 100,000 people per year, with a steep
increase after age 507,

The prevalence of hip OA among persons aged
40 years and above in Spain was examined in a
population-based study. The prevalence was deter-
mined using the American College of Rheumatol-
ogy (ACR) clinical and radiographic criteria and
was found to be 5.1%'®. It has been estimated that
the lifetime probability of developing symptomatic
hip OA ranges from 25% to 32%, considering vari-
ous factors such as racial and gender-related'®.

Different research studies have found different
prevalences of hand OA because of differences in
disease categorization and radiographic and clini-
cal symptoms. The Episer study in Spain showed
a weighted prevalence of symptomatic hand OA
of 7.7%", while the British Clinical Assessment
Study of the Hand (CAS-HA) showed a weighted
-prevalence of radiographic, symptomatic hand
OA of 22.4%%. The different definitions of OA
may explain this consistent difference for each
study since, in the latter, there was a radiolog-

ic criterium. On the contrary, the diagnosis was
based on ACR clinical criteria in the former.

According to the Johnston County Osteoar-
thritis Project, the incidence of radiographic hand
OA among persons aged > 45 years was 60% and
symptomatic hand OA was 13% over a 12-year
average follow-up period. The weighted lifetime
risk of symptomatic hand OA was 40% in the
same cohort?'.

According to a systematic review by Murray
et al??, radiographic ankle OA prevalence in indi-
viduals aged > 50 is not consistent across studies,
with estimates ranging from 0.0% to 97.1%. This
heterogeneity’s main problem is the different OA
definitions considered in each research.

Regarding foot OA, in the American Johnston
County Osteoarthritis Project, the prevalence
was 22.1% for radiographic foot OA and 5.3% for
symptomatic foot OA?. In this same study, the
incidence of radiographic ankle OA over a mean
of 3.5 years was 28.2%, while 4% progressed to
symptomatic ankle OA%.

Spinal OA involves facet joint and interver-
tebral disc degeneration. Due to diagnostic cri-
teria, prevalence estimates vary substantially
among the elderly. Among individuals aged 60
and over, it has been observed that 95% of males
and 70% of females exhibit at least one manifes-
tation of arthritis. Cervical spine osteoarthritis
is observed in more than 80% of patients aged 55
and above?, with facet joint arthritis affecting
19% of 45-65-year-olds and 57% of 65-year-olds
in the US®.

Lumbar spine osteoarthritis affects 30% of men
and 28% of women aged 55-64 in the US. L4-5
and L5-S1 vertebrae are often affected by their in-
creased load-bearing capacity and joint mobility*.

Additionally, spine OA epidemiology may
vary by ethnicity. This syndrome is less com-

Table I. Osteoarthritis risk factors are subdivided into local and systemic.

Local Factors

Systemic Factors

Intrinsic

Past joint surgery
Infection
Malalignment
Dysplasia
Extrinsic

Past joint injury
High BMI
Physical activity
Word-relates

Age

Female sex

Diet

Bone density
Genetics

Drugs

Gut microbiota
Metabolic syndrome
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Figure 2. Osteoarthritis classification in primary and secondary subsets.

mon in Asians than Caucasians®*. Males tend to
have more advanced spine osteoarthritis than fe-
males?’.

Etiology and Risk Factors

OA etiologic factors vary greatly and can be
grouped up into systemic and local factors; the
latter subdivided into intrinsic and extrinsic ones
(Table I). All these factors may concur in a mul-
tifactorial etiology setting to the development of
OA that is shaped by the interplay between the
host and environmental factors.

Age is widely recognized as a prominent risk
factor for the development of OA in all sites.
The elevated prevalence of OA in older individ-
uals can be attributed to the cumulative impact
of many risk factors and age-related alterations in
joint structures?.

Female sex, together with a high BMI (as it
places added strain on weight-bearing joints), ma-
lignment (e.g., knee malignment®), and a previ-
ous joint injury are strong risk factors for knee
and hip OA*. Furthermore, cam deformity and
mild dysplasia have elevated the likelihood of
developing OA, particularly in individuals aged
55 to 65. However, this association does not hold
for the older population aged 65 years and above.
On the other hand, severe dysplasia is strongly
correlated with hip osteoarthritis and is known

to trigger its onset at a younger age, specifically
before the age of 50 years?!.

Lifestyle factors like diet and physical activity
also play a role in OA. Poor nutrition, especially a
diet high in processed foods and low in nutrients,
can exacerbate inflammation and weaken joint
health®?. Conversely, regular physical activity can
help maintain joint flexibility and reduce the risk
of OA, while engaging in physically demanding
tasks is considered a significant contributor to
hip and knee OA development. Specifically, indi-
viduals employed in farming, or the construction
industry are more prone to hip OA. Additional-
ly, occupations involving repetitive kneeling and
frequent lifting are connected with an increased
risk of knee OA®.

Another crucial contributor is joint trauma and
mechanical stress. Repetitive use or injuries to the
joint, such as sports-related injuries, can acceler-
ate cartilage degeneration and lead to the develop-
ment of OA*. For instance, several high-impact
sports, such as football, handball, hockey, wres-
tling, weight-lifting, and long-distance running,
have been found to have a moderate to substantial
correlation with an elevated risk of hip osteoar-
thritis or knee osteoarthritis, typically exhibit-
ing a dose-response relationship®>2¢. The elevat-
ed susceptibility to knee osteoarthritis in those
engaged in sports activities can be attributed,
in part, to the occurrence of knee injuries. Con-
versely, the heightened risk of hip osteoarthritis



F. Puntillo, M. Giglio, A. Corriero, S. Coaccioli, D.M.M. Fornasari, G. lolascon, et al

may be linked to cam impingement, a condition
that can manifest during athletic pursuits among
teenagers.

Drugs, such as hormone replacement therapy,
can also raise the risk of specific OA, such as knee
OA, and infections may also play a role in the OA
pathogenesis and be a starting point®”3,

Gut microbiota (GM) and an imbalance of its
composition, which we call dysbiosis, have also
been proposed as a novel etiologic mechanism that
may initiate OA*. OA and GM have been linked
because the perturbation of GM can compromise
the gut barrier, activate the “gut-joint axis,” and
modulate innate and adaptive immunity through
various mediators*’.

Finally, genetics also plays a significant role
in OA. There is evidence that specific genes may
predispose individuals to the condition, with a
more pronounced genetic influence observed in
hand and hip osteoarthritis compared to knee os-
teoarthritis*. Specifically, variations in genes (21
independent susceptibility loci identified so far”)
related to collagen formation, joint structure, and
inflammation have all been associated with an

increased genetically determined risk of OA that
ranges between 30-65 %*%,

Classification

Osteoarthritis can be classically categorized
into primary (idiopathic) or secondary forms
(Figure 2), the latter being associated with iden-
tifiable causes**.

Primary osteoarthritis has the potential to
manifest in specific joints, such as chondromala-
cia patellae, which is a form of mild osteoarthritis
commonly observed in young individuals. Prima-
ry osteoarthritis is typically classified based on
the particular anatomical regions affected, such
as the hands and feet, knee, or hip. When primary
osteoarthritis affects numerous joints, it is catego-
rized as primary generalized osteoarthritis**.

Secondary osteoarthritis arises due to many
factors that alter the microenvironment of the
cartilage or joint structure. The above-mentioned
conditions include a variety of factors, such as
significant physical injuries, congenital joint ab-
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Figure 3. Proposed model of OA progression.
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normalities, metabolic disorders like hemochro-
matosis and Wilson disease, infections that result
in postinfectious arthritis, endocrine and neuro-
pathic disorders, and other conditions that disrupt
the normal structure and function of hyaline car-
tilage, including rheumatoid arthritis, gout, and
calcium crystal deposition disease**.

This original classification has gradually
evolved over the past two decades into a more pa-
tient-tailored classification of OA in phenotypes
and endotypes, as introduced above.

Pathophysiology

OA was once regarded as a simply “mechan-
ical” cartilage disruption, but it is now well ac-
cepted that it is a “whole joint disease”. Cartilag-
es, subchondral bone, and synovium are involved
together with extra-articular structures, such as
ligaments or infrapatellar fat. Moreover, system-
ic factors like systemic inflammation, aging, and
metabolic syndrome are all involved in OA devel-
opment®.

Therefore, an up-to-date and modern view of
OA pathogenesis should involve local and sys-
temic pro-inflammatory pathways that interplay
with each other, promoting OA progression.

Articular cartilage is formed by tissue fluid (ac-
counting for 65-80% of the wet mass), type 11 col-
lagen (15-22% of wet mass), and proteoglycans (4-
7%)*, while other collagens (i.e., type V, VI, IX,
XI represent only a small part of cartilage com-
ponents*’). Collagen fibers form a highly dense
meshwork embedded in gel-like negative-charged
proteoglycans. Collagen fibers provide tensile
strength to the cartilage structure, and aggrecan
and other proteoglycans draw water, assuring
compressive resistance®®.

Chondrocytes synthesize matrix components
and matrix-degrading enzymes in normal condi-
tions, ensuring minimal turnover. Under stimu-
lation, they undergo a proliferative switch. This
assures a greater production of catabolic factors
by matrix synthesis, mediated by metalloprotein-
ases (MMP) 1, 3, and 13 (which are responsible
for collagen degradation) and A Disintegrin and
Metalloproteinases with Thrombospondin motifs
(ADAMTS) 4 and 5 (which are responsible for
aggrecan degradation)®. In vitro studies suggest
that MMP13 could favor the cleavage of chondro-
cyte-expressed netrin, contributing to pathologi-
cal vascularization in OA cartilage™. During car-
tilage injury or excessive loading, the fibroblast

growth factor signaling (FGF) is activated (main-
ly FGF2), stimulating MMP13 and ADAMTS 5
expression and potentiating the cartilage matrix’s
catabolic activity. Also, genetic factors could be
involved since collagen 11, IX, and X mutations
are involved in OA pathogenesis®. Moreover, sur-
face shear stress, perpendicular to compressive
ones, leads to the so-called “mechano-inflamma-
tion” involving PIEZO mechanosensors, leading
to actin de-polymerization and increased inflam-
matory signals due to increased ROS%. Toll-like
receptor activation induced by inflammation and
degradation products promotes the expression of
NF-kB transcription. This allows actin de-polym-
erization and the rise of inflammatory signals cy-
tokines, like IL-1, IL-6, IL-8, IL-12, tumor necro-
sis factor (TNF)-a, increasing pain, and finally
enhancing cell apoptosis™. Moreover, the degra-
dation products of collagen type II into the ex-
tracellular matrix could activate the complement
cascade that can evolve in both cell death and
production of matrix-degrading enzymes (such as
MMPs) and inflammatory mediators, thus wors-
ening joint pathology®*.

Also, systemic disease could promote low-
grade inflammation and catabolic switch of chon-
drocytes, such as metabolic syndrome and dia-
betes mellitus type 2. Two major pathways have
been proposed for OA pathogenesis and diabetes:
the first is oxidative stress resulting from chronic
hyperglycemia that causes a spilling of cytokines
and advanced glycated end products (AGEs) in
joint tissue, that in turn, stimulates a pro-inflam-
matory and pro-degradative state of chondrocytes
through toll-like receptors signaling. Conversely,
insulin resistance may influence MMP produc-
tion and cellular apoptosis in cartilage tissues,
mainly via leptin activation®.

This inflammatory process involving the car-
tilage matrix and the chondrocytes could also be
activated in other joint structures, like the synovi-
um or subchondral bone. Blocking this cascade of
cytokines secretion, increase in matrix degrada-
tion, and oxidative burden with the so-called dis-
ease-modifying osteoarthritis drugs (DMOADs)
or nutrients, as explained below, is one of the pro-
posed novel strategies to control OA progression
and related pain®.

The synovial membrane is a thin layer sur-
rounding cartilage joints, made by an intima rich
of macrophages and fibroblast-like synoviocytes
(FLS) that secrete lubricants such as hyaluronic
acid (HA) and a subintima that is rich in colla-
gen-type 1%,
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Trauma, mechanical loading, aging, comorbid-
ities such as obesity or diabetes mellitus type 2,
and microbial dysbiosis could all contribute to or
aggravate synovitis and fibrosis. The hallmarks
are the presence and abundance of vascularity,
fibrin deposits, hyperplasia and hypertrophy of
FLS, infiltration of inflammatory cells like mac-
rophages and lymphocytes®. Once activated, FLS
secrete cytokines, MMPs, and FGFs that contrib-
ute to macrophage and chondrocyte activation
and degradation and fibrosis.

Subchondral bone is the third key element of
OA development since it represents both a mark
and a cause of OA¥. Subchondral bone supports
the avascular cartilage, forming an intermediate
layer between the tidemark and the trabecular
bone, and it is crucial to joint health®. Tradition-
ally, subchondral bone remodeling has been as-
cribed to the equilibrium between osteoblasts and
osteoclasts. In recent years, the pivotal role of os-
teocytes, the most represented cells in bones, has
emerged®. In the early phase of OA, osteoclasts
will absorb subchondral bone, while osteoblasts
will deposit collagens and minerals to align the
osteocytes along the principal loading direction in
late OA. This uncoupled bone remodeling forms
abnormal, weak trabecular bone, gradually con-
tributing to cartilage degeneration. On the other
side, cartilage loss can contribute to subchondral
bone changes® since chondrocytes could partic-
ipate in subchondral remodeling. Osteoclast dis-
proportionate activity is also linked to netrin-1
pathway, which induces sensory innervation and
vascularization of subchondral bone, accounting
for persistent pain in OA%.

The predominant pathogenetic mechanism
could help to identify 3 main endotypes. In
the bone-driven endotype, uncoupled remodel-
ing and resorption in subchondral bone causes
microstructural alterations (early-stage OA) or
inhibition (late-stage OA) of osteoclastic bone
resorption®. In the synovitis-driven endotype,
the synovium shows biochemical and histo-
logical signs of mononuclear cell infiltration,
synovial cell proliferation, and inflammatory
cytokines, such as TNF-a, IL-1B, and IL-6.
In the cartilage-driven endotype, a failure to
maintain cartilage homeostasis leads to an im-
balance between extracellular matrix produc-
tion and breakdown, which is indicative of OA
pathogenesis®. These pathways are all potential
targets for a personalized therapy and are all
strategies that are under investigation in clini-
cal and pre-clinical studies.

Metabolic syndrome, also known as the “dead-
ly quartet”, has a pivotal role in OA pathogenesis
since all components of metabolic syndrome are
associated with an increased incidence of OA%.

In obese patients, adipose tissue macrophages
switch from an M2 phenotype to a proinflamma-
tory M1 state that produces cytokines, chemok-
ines, ROS, and adipokines. Adiponectin, leptin,
and lipocalin-2, regulate inflammatory immune
responses in joints, stimulating both cartilage
deterioration via chondrocyte activation and sy-
novial inflammation, further increasing cyto-
kine-driven damage®®. Recent evidence suggests
that the infrapatellar fat pad is the major articular
adipokine producer in knee OA. Increased cho-
lesterol levels are associated with cartilage dis-
ruption, osteophyte formation, and alterations
to the subchondral bone. At the same time, high
levels of Ox-LDL could also trigger the release
of ROS, MMPs, pro-inflammatory cytokines, and
activation of NF-«kB by synovial macrophages
and synovial fibroblasts and chondrocytes®’.

As mentioned above, diabetes mellitus type 2
also plays a role. Hyperglycemia affects chon-
drocytes, FLS, and subchondral bone and favors
pro-inflammatory effects. Insulin resistance and
AGEs accumulation favor macrophage infiltra-
tion and chemokines liberation, intensifying the
inflammatory response at the joint level®®*. This
link between obesity and osteoarthritis is the sub-
strate that explains the potential role of diet as
well as anti-diabetic drugs®>®.

Another key contributing factor in OA patho-
genesis is the so-called “inflammaging””. Senes-
cence changes in adipose tissue, reduced muscle
mass, and increased fat mass alter joint loading
and are associated with an increase in adipokine
and cytokine production, resulting in low-grade
systemic inflammation’’. In addition, senescent
chondrocytes, meniscal cells, and the infrapatel-
lar fat in the knee joint can exhibit growth arrest
and produce cytokines, such as TGF-§3 and IL-6,
ROS species, growth factors, and MMPs. This
occurs mainly in response to mechanical or oxi-
dative injury, advancing tissue destruction’.

A strong relationship between OA and GM has
been emerging in recent years since GM dysbi-
osis can disrupt the gut barrier and activate the
gut-joint axis. This results in the modulation of
innate and adaptive immunity through LPS re-
lease, short-chain fatty acid modification, macro-
phage activation, cytokine liberation, regulation
of T-cell responses, and B-Cell differentiation™.
Moreover, GM can influence OA progression by



Unraveling the joints: a narrative review of osteoarthritis

OA Therapeutical Strategies

Figure 4. OA treatments.

interacting with other OA risk factors, such as
age, sex, obesity, inflammation, and mechanical
load. The potential role of GM modulation for
OA progression and treatment is an intriguing
strategy under investigation’.

Since OA shows a complex and multifaceted
pathogenesis, clinical manifestation may signifi-
cantly vary among individuals as long as treat-
ment response.

A literature review tried to clarify the clinical
phenotype classification and finally underline the
existence of six different clusters of variables in
knee OA manifestation that defined six different
pathogenetic phenotypes®: Minimal Joint Disease
(MJD), Malaligned Biomechanical (MB), Chron-
ic Pain (CP), Inflammatory (I), Metabolic Syn-
drome (MS) and Bone and Cartilage Metabolism
(BCM).

A combination of low levels of self-reported
pain (worse pain in the last week < 3/10) and mild
to moderate radiographic OA classifies subjects
in the MJD phenotype, in which slow progression
over time (2-10 years) has been evidenced. This
phenotype represents the only subgroup defined
without regard to the disease etiology. The preva-
lence of these features in the knee OA population
ranged between 17% and 47%".

Chronic pain phenotype has a 16-19% preva-
lence in reporting studies. It shows a predominant

alteration in the central nervous system and pain
neurophysiology in which peripheral spreading
and central sensitization are the most important
features’. Moreover, other factors could foster this
clinical phenotype, such as psychological distress,
poor coping style, sleep disturbance, fatigue, wide-
spread pain, and illness burden, making it a “whole
person” disease rather than a simple joint pathol-
ogy””. The inflammatory OA phenotype, with a
prevalence of 16-30%, is characterized by an over-
spilling of inflammatory cytokines, such as IL-1f,
IL-8, IL 6, and C-reactive protein (C-RP), TNF™.
These patients usually present a higher pain level at
baseline and show faster radiographic progression
than those with cytokine under expression. The
evidence of synovitis at MRI is a strong indicator
of this phenotype. The metabolic syndrome pheno-
type recognizes a subgroup of patients displaying
a higher prevalence of metabolic factors (obesity,
diabetes, hypertension, and dyslipidemia) and a
specific biomarker profile (such as plasma leptin
and h-Sensitivity C-RP)”.

The subgroups of patients with alterations in
bone and cartilage metabolism include individuals
with higher expression of markers of bone forma-
tion and resorption (i.e., high levels of osteocalcin)
as well as altered equilibrium in cartilage deposi-
tion and catabolism (i.e., elevated levels of C-ter-
minal telopeptide of type II collagen (CTX-1I)7*".
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Table II. Differential diagnosis of osteoarthritis.

Knee OA Shoulder OA

Hip OA

Hand OA Multiple Joint OA

Patellar tendinosis Rotator cuff impinge-

ment, tendinopathy, tears

Referred visceral pain

Ganglion cyst Referred pain or radic-

ular pain

Pes anserine bursitis Labral tear

Aortoiliac insufficiency | Dupuytren contrac-

Avascular necrosis

ture
Patellofemoral pain Adhesive capsulitis Sacroiliac neuropathy | Carpal tunnel syn- Gout
syndrome drome
Medical plica syn- Glenohumeral joint or Lateral femoral cutane- | Mallet finger Pseudogout
drome scapular instability ous nerve syndrome

Quadriceps tendinosis | Biceps tendinopathy

Snapping hip

Stenosis flexor teno- | Septic arthritis
synovitis

Saphenous nerve en- | Scapulothoracic weak-
trapment ness

Piriformis syndrome

Osteochondritis disse-
cans

Popliteal artery aneu- | Subscapular bursitis

rysm

Osteitis pubic

Trauma ligamentous or
bone injury

Prepatellar bursitis AC joint sprain

Sacroiliac joint pain

Stress and osteoporotic
fracture

Sternoclavicular joint
subluxation/dislocation

Bone tumors

Systemic rheumatologic
disease: rheumatoid
arthritis, psoriatic ar-
thritis, reactive arthritis,
hemochromatosis

A recent paper®® confirmed the clinical utility
of the phenotype classification that can success-
fully allocate patients in almost 84% of cases with
an overlap of 20%, providing strength to this per-
sonalized approach to OA.

Clinical Presentation

OA is characterized by a clinical presentation
that is highly variable among individuals and re-
volves around pain, stiffness, and functional lim-
itations®. A proposed model in a previous study®
subdivides the clinical course of OA into 4 main
stages: Pre-OA, Early OA, Evident OA, and End-
Stage OA (Figure 3). The pre-OA is the pre-clini-
cal stage of the disease, where the patient is main-
ly asymptomatic, and risk factors are already at
work to push the progression of the disease fur-
ther. The symptoms appear in the early OA but
are still intermittent. In contrast, in the evident
OA, the symptoms become constant and more se-
vere until the end-stage disease, when they reach
the maximum level of intensity®*?. Each phase will

4088

require adequate therapy and management per-
sonalized to the patient’s phenotype.

It is essential to underline that during the dis-
ease’s evolution, there is a clear dissociation be-
tween radiologic/imaging findings (e.g., no cor-
relation between the severity of symptoms and
the growth of osteophytes) and the clinical pic-
ture. This could lead to scenarios in which pa-
tients report no symptoms despite showing clear
abnormalities in the joint structures®. The reason
for this dissociation can be found at the molecu-
lar level in the function of specific factors such as
netrins, which play a key role in the pathophysiol-
ogy, as previously explained®.

Pain is the hallmark symptom of OA that
prompts patients to consult their primary care
physician. It is usually described as intermittent
and worsens during and after weight-bearing ac-
tivities®. Throughout OA’s course, inflammation
outbreaks may occur.

Stiffness is another symptom that may occur,
particularly in the morning, after periods of in-
activity, and in the evening. Unlike rheumatoid
arthritis, where stiffness can last over 30 minutes,
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this stiffness typically lasts only a few minutes®.

Loss of mobility completes the triad of OA
symptoms, as patients usually report that their
symptoms limit their ability to ascend stairs,
walk, and perform household chores. This poor
quality of life explains why symptomatic OA may
be linked to depression and sleep disturbances,
contributing to disability™.

The physical examination may find joint en-
largement caused by joint effusion, bony thicken-
ing, or both. This is the macroscopic expression of
microscopic changes such as inflammation of sy-
novial tissue, cartilage damage and loss, outgrowth
of bone (i.e., osteophytes), sclerosis and cysts of
subchondral bone, and weakening and contracture
of ligaments and muscles. Notably, a synovial effu-
sion may not only be identified during OA episodes
but also as a persistent feature during chronic
phases. Furthermore, crepitus is a distinctive clini-
cal feature of OA. It is characterized by a crackling
or grating sensation within the joint during move-
ment. This occurs due to uneven surfaces within
the joint from cartilage loss and is often palpable or
audible during physical examination®.

Finally, joint deformities can be detected in ad-
vanced joint disease. They are caused by injury
to cartilage, periarticular bone, synovium, articu-
lar capsule, ligaments, and muscles. The joint can
lock if loose substances or cartilage fragments
enter the joint space®.

Understanding the clinical presentation of OA is
essential for both early diagnosis and developing
effective management strategies to alleviate pain
and improve the functionality and quality of life
for those affected by this widespread joint disorder.

Diagnosis

OA is traditionally considered a clinical diag-
nosis involving a physical examination assessing
joint tenderness, range of motion, and joint swell-
ing or deformities®®. Nevertheless, it often requires
a multifaceted approach that combines clinical
evaluation, medical history assessment, imaging
techniques, and laboratory tests, depending on
the stage of the disease. For the preclinical stage,
OA may only be spotted with biomarkers. In con-
trast, in the early OA stage, intermittent symp-
toms (sporadic and self-resolving pain), including
pain plus magnetic resonance imaging (MRI) and
radiographic Kellgren-Lawrence grade (KL) 0-1
(subtle narrowing of the joint space), may help for
the diagnosis. When the symptoms become con-

stant (evident OA and end-stage OA), the diag-
nosis will be clinical with the confirmation of a
radiographic KL 2-3%2.

Different biomarkers have been proposed. For
instance, the CHECK study®’ assessed 14 differ-
ent biomarkers that could be grouped up into the
following subcategories: cartilage degradation,
cartilage synthesis, bone degradation, bone syn-
thesis, synovium degradation, synovium synthe-
sis, and adipokines. Unfortunately, no marker
demonstrated enough discriminatory power to
accurately predict OA’s diagnosis or prognosis.
Two markers exhibited a wider range of variation
than initially anticipated. The marker C-terminal
telopeptide of type II collagen (CTX-II), which in-
dicates the deterioration of cartilage, reveals nota-
ble resemblances to markers associated with bone
metabolism, implying that CTX-II may also come
from bone tissue. In early-stage OA, it is possi-
ble for the cartilage breakdown marker known as
COMP (Cartilage Oligomeric Matrix Protein) to
also be derived from inflamed synovial tissue®’.
Further research is needed to explore additional
biomarkers and different subsets of patients.

The radiographic characteristics of OA encom-
pass various aspects of assessment. These include
the presence of osteophytes along the margins of
the affected joints or on the tibial spines, the oc-
currence of periarticular ossicles in the distal or
proximal interphalangeal joints, the narrowing of
joint cartilage accompanied by subchondral bone
sclerosis, the identification of small pseudocystic
regions with sclerotic walls within the subchon-
dral bone, and the alteration in the shape of bone
ends, particularly in the femoral head®. The KL
grades are the following:

- Grade 0: no reactive changes or joint space
narrowing.

- Grade I: there is uncertainty regarding the
shrinking of the joint space and the potential
presence of osteophytic lipping.

- Grade 2: there are definitive osteophytes
present, indicating the possible joint space
narrowing

- Grade 3: there is evidence of moderate
osteophyte formation, clear indications of
joint space narrowing, and potential bone end
deformities

- Grade4: there is evidence of large osteophytes
with pronounced joint space narrowing,
extensive sclerosis, and evident deformity?®®.

Ultrasound may also help identify and surveil
osteoarthritic joints, detecting early changes with
high accuracy in most cases®.
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Different groups have proposed different com-
prehensive diagnostic criteria for OA for different
stages and joints, such as knee OA®*"!. Luyten et
al”! proposed three classes of criteria for the diag-
nosis of early OA of the knee: (1) The assessment
of pain, symptoms/signs, self-reported function,
and quality of life can be conducted through the
utilization of tools such as the Knee injury and
Osteoarthritis Outcome Score (KOOS). A score
of 85% or lower in at least two of these four cate-
gories indicates a certain level of impairment; (2)
The clinical examination should include the pres-
ence of either joint line tenderness or crepitus; (3)
a KL of 0 or 1. Conversely, The Italian Society for
Rheumatology clinical practice guidelines™ for
the diagnosis and management of knee, hip, and
hand osteoarthritis recommended the diagnosis
of early knee OA when either of the following cri-
teria are verified : (1) two mandatory symptoms
such as knee pain in the absence of recent trauma
or injury plus short joint stiffness lasting for less
than 10 minutes at the start of the movement; (2)
knee pain and 1 or 2 risk factors; (3) three or more
risk factors in the presence of at least one manda-
tory symptom. Besides, the standard radiograph
may be compatible with a KL 0.

Finally, in the context of diagnosis, it is cru-
cial to consider a comprehensive range of poten-
tial differential diagnoses (Table I1)°***. In fact,
laboratory tests are utilized to rule out other
possible causes of joint pain and inflammation.
Blood tests may be performed to assess for in-
flammatory markers, such as C-reactive protein
or erythrocyte sedimentation rate. These mark-
ers can help exclude predominantly inflammato-
ry forms of arthritis, like rheumatoid arthritis®.

We believe early diagnosis is paramount to
initiating appropriate interventions, including
lifestyle modifications, rehabilitation, and med-
ications. Therefore, the therapists’ goal should
focus on early OA detection, where most OA
features can still be counteracted with a better
outcome than later disease stages. Tools like
the homeostasis Model Assessment (HOMA)
index*® and waist circumference measure-
ment’’ may help detect patients exposed to an
increased risk.

In summary, OA diagnosis involves clinical
exams for joint tenderness and deformities, im-
aging (X-rays, MRI, ultrasound) for structural
changes, and lab tests to exclude other condi-
tions. Early detection relies on symptoms, risk
factors, and imaging findings. Biomarkers lack
sufficient accuracy for routine use.
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Treatment and Management

Currently, treatment for OA aims to manage
pain and mobility limitation®®. It should be noted
that pharmacological and non-pharmacological
interventions have limited supporting evidence,
whereas drug treatment is associated with adverse
events (AEs) on the gastrointestinal (GI), cardiac,
and renal systems, particularly for NSAIDs, the
most prescribed drugs for OA patients®.

These premises underline the importance of focus-
ing on the early OA and the pre-OA by addressing
the modifiable risk factors. Furthermore, research
should pursue the development of disease-modifying
osteoarthritis drugs (DMOADs), many of which are
being studied but not yet approved by any regulato-
ry agency'®. A DMOAD refers to a pharmacological
substance that has the ability to impede or reverse the
advancement of structural deterioration in the joint.
As a result, this intervention can potentially bring
about positive changes in symptoms, such as alleviat-
ing pain or enhancing physical functionality. Hence,
including structural and symptomatic advantages
is necessary to classify an agent as a DMOAD"'. A
DMOAD would be particularly helpful in secondary
OA where even the joint replacement would not per-
manently treat the condition as it may only reproduce
later in a different site or even in the same'®.

Treatments can be classified into reduction of
modifiable risk factors, pharmacologic therapies,
rehabilitation, complementary therapies, inter-
ventional pain procedures, and surgery (Figure
4). It is important to emphasize that in Figure 4
there is no hierarchy within the categories; one
or more options may be useful at different points
in the course of a given patient’s illness, even if
working on the risk factors must be prioritized in
the pre-OA and in the early OA. Pharmacological
and non-pharmacological interventions form the
backbone of OA treatment in all disease stages,
while surgery will remain the gold standard for
the end-stage disease®. In the context of the ef-
fectiveness of available OA interventions, partic-
ularly in pain relief, the placebo effect should be
carefully considered'®.

Whenever possible, the phenotype and endo-
type underlying the specific OA should be con-
sidered to tailor the therapy to the patient.

Reduction of Modifiable Risk Factors

Exercise interventions
Reducing obesity and, therefore, exercising are
key elements in preventing and improving OA. A
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systematic review and network meta-analysis con-
ducted by Uthman et al'** examined 60 RCTs and
concluded that exercise interventions were associ-
ated with significant pain relief and improvement
in functional outcomes. Additionally, this study
proposed therapies that integrated exercises target-
ing muscular strength, flexibility, and cardiovas-
cular fitness'*. This positive influence depends on
the systemic amelioration resulting from decreased
adipose tissue as well as from the decreased load
that a lower BMI will impose on weight-bearing
joints!®, Moderate aerobic and anaerobic exercise
are recommended. Aerobic sports, such as swim-
ming, walking, and dancing will positively impact
glucose homeostasis and significantly decrease
systemic arterial pressure, insulin resistance, and
visceral fat. Furthermore, aerobic exercise is par-
ticularly helpful because it enhances the browning
process of adipocytes thanks to irisin’s release by
muscle cells, which in turn helps to reduce body
fat'%, On the other hand, anaerobic sports, such
as weight-lifting (1-2 kg) and ankle weights (1 kg)
will raise lean mass and muscle strength, as well
as the number of mitochondria within the muscle
cells'™'%8 Different exercises will be available for
each joint. For instance, Deyle et al'” recommend-
ed a specific physical treatment for knee OA.

Diet

Diet is another potential modifiable risk factor,
although there is a lack of data regarding the im-
pact of fruits or herbs on OA outcomes. Regard-
less, certain foods, such as those in a Mediterra-
nean diet, may play their part in OA prevention
and treatment in synergy with other medications
by their antioxidative mechanisms'’.

Dietary supplements

Many dietary supplements are available. Among
these, there are collagen hydrolysate, passion fruit
peel extract, Curcuma longa extract, Boswellia
serrata extract (BSE), bromelain, curcumin, Pyc-
nogenol, L-carnitine, undenatured type II colla-
gen, HA, avocado soybean, methylsulfonylmeth-
ane, diacerein, glucosamine and chondroitin'"'.

Boswellia serrata extract

BSE contains boswellic acids (BAs), which are
specific nonredox inhibitors of 5-lipoxygenase (5-
LOX)"2. By blocking 5-LOX, BAs reduce the pro-
duction of leukotrienes, specifically 5-hydroxye-
icosatetraenoic acid (S-HETE) and leukotrine B4
(LTB-4) levels, which are potent chemotactic fac-
tors that in turn lead to increased permeability'.

This effect ultimately translates into less WBC at
the site of the trauma or inflammation, like an os-
teoarthritic joint.

Additionally, BAs have an impact on the cellu-
lar defense system, affecting the release of cyto-
kines. Therefore, it can be observed that BAs can
impede the activation of NFkB, a transcription
factor synthesized by neutrophil granulocytes.
Specifically, BAs activity decrease proinflamma-
tory cytokines, including TNF-q, IL-1, IL-2, IL-
4,TL-6, and IFN-y!!,

Another beneficial effect of BAs is their ability
to lower glucosamine degradation, which is im-
portant in maintaining cartilage in good shape'®.
They also inhibit the human leukocyte elastase,
which underlines their potential immunoregula-
tory role and anti-inflammatory effects'’.

A meta-analysis'! has shown that BSE effec-
tively lowered pain and improved disability in
OA, especially in the short term. For instance, in
a randomized, double-blind, placebo-controlled
trial, the oral supplementation of BSE for 8 weeks
(333 mg x 3/die) significantly decreased knee
pain, increased knee flexion, and walking dis-
tance, reporting only minimal side effects, such
as epigastric pain or nausea, which regardless did

not comport the withdrawal from the study'"”’.

Bromelain

Bromelain is a mixture of proteolytic enzymes
derived from pineapple and has been shown to
possess anti-inflammatory effects through down-
regulation of the NF-xB and MAPKs-signaling
pathways'®, which may be beneficial in OA!"’.

Curcumin and curcuma longa extract

A recent meta-analysis about the effect of Cur-
cumin and Curcuma longa Extract in the manage-
ment of OA demonstrated a potential to reduce
pain, enhance joint function, and improve joint
stiffness. Furthermore, the inclusion of Curcum-
in and Curcuma longa Extract did not increase
adverse events'?’. Curcuma longa Extract can be

considered a DMOAD targeting synovitis'?.,

Glucosamine and Cchondroitin

Glucosamine and chondroitin sulfate may be
beneficial in some OA phenotypes. As recom-
mended by the 2019 ACR guidelines'*, chon-
droitin supplementation may be useful for the
OA affecting the joints of the hand. Conversely,
a recent meta-analysis encompassed 8 studies and
used a sample size of over 4,000 individuals di-
agnosed with knee OA, concluding that there is a
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lack of substantial data supporting glucosamine
and chondroitin’s significant efficacy in OA treat-
ment'®,

Collagen supplements

Collagen supplementation can reduce the West-
ern Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) scale and/or the Visual
Analog Scale (VAS), thus improving OA symp-
toms, as shown in a meta-analysis'**. According
to Oesser and Seifert'?, collagen hydrolysate can
potentially enhance collagen production in chon-
drocytes, specialized cells responsible for syn-
thesizing, maintaining, and arranging the extra-
cellular matrix (ECM). Alterations in the ECM
composition elicit collagen turnover, activating
chondrocytes and subsequent production and
ongoing remodeling. The authors concluded that
oral administration of collagen hydrolysate has
the potential to accumulate within cartilage and
effectively trigger a substantial increase in the
creation of ECM macromolecules by chondro-
cytes'?. Undenatured type II collagen is another
treatment option that survives digestion with the
three-dimensional structure needed to interact
with the lymphoid tissue surrounding the small
intestine (e.g., Peyer’s patches). This is believed to
affect the gut immune system, inducing oral tol-
erance to turn off the immune response targeting
type II collagen in joint cartilage'”’.

Undenatured type II collagen significantly
improved knee function in OA subjects by day
180, compared to placebo and to glucosamine
hydrochloride plus chondroitin sulfate, and was
well-tolerated'?®.

Hyaluronic acid

HA is an anionic, non-sulfated glycosamino-
glycan present widely in connective tissues and
synovial fluid'?. It may be supplemented in OA
either orally or intraarticularly'?%"'.

HA supplements may assist osteoarthritis pa-
tients, although data is scarce. A study'** found
that symptoms of knee osteoarthritis improved
after three months of HA supplementation in
obese people. The researchers found that joint flu-
id HA concentrations rose, and inflammatory cy-
tokines decreased after treatment. However, this
study only enrolled 40 patients.

Another study found that oral HA had similar
effects'”. The 72 knee osteoarthritis patients who
received oral HA had lower pain levels and better
sleep than the placebo group. They also took few-
er painkillers.
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Intra-articular HA appears well-tolerated and
effective for mild-to-moderate knee OA patients
who fail first-line pharmaceutical treatment'**36,

Vitamin D

Vitamin D supplementation may influence bone
reabsorption and can be classified as DMOAD
targeting the subchondral bone'*!.

These therapies pave the way for chondropro-
tection, which must act simultaneously as struc-
tural support (replacing structural components,
i.e., collagen and HA) and a systemic anti-inflam-
matory action (BSE, curcumin), especially during
maintenance treatment.

Intra-articular injections

Intraarticular corticosteroids are a further step
in OA management, particularly useful during
the flare. Usually, intraarticular corticosteroids
provide 4 to 8 weeks of relief. They work well for
knee osteoarthritis'’ but not shoulder'*® or hand
osteoarthritis’*’. Corticosteroids and lidocaine
are usually injected together. Lidocaine might
provide rapid relief, confirming the injection was
accurate at the proper site. Symptoms may flare
up in the first 24 hours and then improve around
48 hours. Repeat injections in the same joint are
allowed but usually limited to four per year'*.

Platelet-rich plasma injections may prove use-
ful for alleviating pain, enhancing knee function,
and improving quality of life, particularly in
younger patients and cases of mild OA™,

Intra-articular injection of mesenchymal stem
cells (MSCs) is a newer intra-articular treatment
that may be associated with more effective pain
alleviation than cell-free techniques, but further
studies are required'*?. Non-pharmacologic in-
tra-articular treatment, such as intra-articular
HA, is also available''. Intra-articular HA viscos-
upplementation aims to alleviate pain, improve
joint function, and potentially slow down the pro-
gression of OA. It has been proven to relieve pain
in mild knee OA for up to 24 weeks'*. However,
this therapeutic approach should be reserved for
patients who have not received enough pain re-
lief from topical or oral medications and physical
therapy. It does not cause significant side effects,
and even minor adverse effects like local soreness
and swelling usually subside after a few days!*.

Pharmacologic therapies

First-line treatments for osteoarthritis (OA) in-
clude NSAIDs and acetaminophen, followed by
opioids, serotonin-norepinephrine reuptake inhib-
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itors (SNRIs), and intra-articular medications like
steroids. It must be underlined that these medica-
tions do not modify the disease’s natural course or
prevent long-term disability. On the other hand,
numerous DMOADs have been investigated and
are currently in phase-3 and phase-4 studies'?'.

Paracetamol

Paracetamol is cheap, safe, and effective'®. A
2006 Cochrane study'* found that acetaminophen
treats mild osteoarthritis better than placebo and
as well as NSAIDs but with fewer gastrointestinal
side effects. Patients should take 650 to 1000 mg
of acetaminophen four times a day for OA symp-
toms. The Food and Drug Administration (FDA)
advises against taking more than 4000 mg of acet-
aminophen daily to avoid liver damage'®’. Besides,
it must be noted that some scientific organizations
have recently indicated that the use of paracetamol
and opioids for the treatment of OA is either condi-
tionally advised or not suggested at all'*S.

NSAIDs

The next step is NSAIDs, as they are more ef-
fective than acetaminophen in the treatment of
OA'. No NSAID is clearly better than another,
so inexpensive, generic medications such as ibu-
profen, naproxen, and diclofenac are considered
suitable options'®*. Selective cyclooxygenase
(COX) 2 inhibitors or nonselective NSAIDs plus
a gastroprotective drug should be taken with care
in those with gastrointestinal illness'"".

NSAIDs dampen the inflammation by inhibiting
the enzyme COX; thus, they provide relief by low-
ering the systemic and local inflammation, which
is a hallmark of OA pathogenesis, but they do not
exert chondroprotection'®. Ideally, an NSAID
should influence all the 3 main OA endotypes
(bone-driven, synovitis-driven, and cartilage-driv-
en), but this does not really happen. Some NSAIDs
may also harm the ECM. For instance, naproxen,
indomethacin, and ibuprofen inhibit the synthesis
of chondroitin sulfate/dermatan sulfate'*’. Topical
NSAIDs have been strongly recommended for
knee OA while conditionally recommended for
hand OA by the 2019 ACR Guidelines'®.

Topical capsaicin may also be an option for cer-
tain OA subsets, such as in the hand, knee, hip, or
shoulder'*.

Opioids

Opioids are the next step if the previous has
failed, considering side effects such as chronic
constipation and respiratory depression. It is rec-

ommended that opioids are supplied at low dosag-
es and subjected to diligent monitoring to assess
the risk of developing dependence'".

SNRI

Coming from the hallmark of central sensitiza-
tion'>> among OA mechanisms of pain, drugs such
as SNRI that affect the spinal cord and periaque-
ductal grey may improve the clinical outcome. The
first RCT comparing duloxetine to placebo was
conducted by Chapell et al'*. Average pain ratings
improved significantly. Another trial'** found that
duloxetine with an NSAID relieved OA pain better
than NSAID alone. This study helped the FDA to
approve duloxetine for persistent knee OA.

Disease-Modifying Osteoarthritis Drugs

Interleukin 1 Inhibitors, such as anakinra,
TNF-a inhibitors, such as adalimumab and inflix-
imab, and senolytic molecules, such as fisetin, are
the main DMOADs that target the synovium'**-'%%,

Recombinant fibroblast growing factors such
as sprifermin, proteinase inhibitors, Wnt sig-
naling inhibitors such as Lorecivivint, AMPk
modulators such as metformin, and platelet-rich
plasma are the main DMOADs that target the
cartilage'™'¢'. Finally, strontium ranelate, bis-
phosphonates such as zoledronic acid, transform-
ing growth factor beta, parathyroid hormone,
and cathepsin K inhibitors such as MIV-71I,
are DMOADS aiming towards the subchondral
bone'®-". Several drugs, including sprifermin
and MIV-711, have effectively prevented car-
tilage loss or preserved subchondral bone in
individuals with OAY*1®7. Lorecivivint signifi-
cantly improved osteoarthritis patients’ WOM-
AC discomfort, function, and joint space width,
and metformin improved pain'®"'®?. Converse-
ly, proteinase inhibitors, bisphosphonates, and
monoclonal antibodies, such as IL-1p and TNF
inhibitors, have not demonstrated efficacy in the
treatment of OA'>'57, The main challenge for
managing DMOADs and designing future clin-
ical trials remains the need to personalize the
therapy for the specific subset of the disease and
the translation from pre-clinical to clinical.

Complementary Therapies

Many complementary therapies have been
investigated, such as acupuncture, self-manage-
ment and education, Tai Chi, balneotherapy, and
psychotherapy'®®'72. Despite the widespread use
of these treatments, the evidence supporting their
effectiveness is of low quality.
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Rehabilitative Approaches

Therapeutic exercise should be a key treatment
for osteoarthritis'”. There is a strong need for re-
habilitation studies on osteoarthritis of the hip,
hand, foot/ankle, shoulder, and spine.

Physical supports, such as bracing, may prove
useful in some joints, such as knee OA. Unloading
knee braces have the potential to offer symptomat-
ic treatment for individuals with medial and later-
al knee OA. Sleeves equipped with a peripatellar
device or taping techniques have shown potential
benefits in managing patellar OA and have the po-
tential to offer a degree of thermal insulation and
alleviate discomfort. Neutral knee braces are use-
ful for multicompartmental knee braces. Finally,
lateral and medial wedge insoles have demonstrat-
ed potential efficacy in managing OA'™.

Carpometacarpal OA of the thumb base can be
managed using semirigid and rigid splints to im-
mobilize the affected joint'”.

Physical modalities, such as laser therapy, ul-
trasound therapy, and electrotherapy, may also
be added to other management strategies for OA
patients'7*!78,

Interventional Pain Procedures

Several interventional techniques, such as radiof-
requency ablation (RA) and electrical neuromodu-
lation, are emerging to reduce joint pain. In some
cases, these techniques can be guided by ultrasound
as an alternative to fluoroscopy, reducing the impact
of X-ray exposure on the patient and physician.

According to the 2019 ACR Foundation Guide-
line for the Management of Osteoarthritis of the
Hand, Hip, and Knee, RA is only indicated on a
case-by-case basis for patients with knee OA™ .
Many studies have shown possible analgesic ad-
vantages with various ablation procedures. How-
ever, this suggestion is conditional due to the het-
erogeneity of techniques and controls used and a
lack of long-term safety evidence'*.

Regarding hip OA, Mariconda et al'”® reported
that continuous radiofrequency (CRF) alleviates
pain via determining joint neurolysis and may
be useful in patients who fail to respond to other
lines of treatment.

A recent meta-analysis showed that radiofre-
quency may prove useful. Musculoskeletal pain
covers many districts, from the shoulder to the
sacroiliac joint to the spine and the knee'®. No-
tably, pulsed radiofrequency in chronic shoulder
pain provided analgesia comparable to conserva-
tive medical three months after the treatment'®'.
Regarding the spine district, when compared to
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sham treatments or epidural nerve blocks, con-
ventional radiofrequency denervation resulted in
reductions in low back pain originating from the
facet joints in individuals with the best diagnostic
block response throughout the first 12 months'®?.

Surgery

Surgical intervention should be exclusively al-
located to individuals who have exhibited unre-
sponsiveness to alternative treatment modalities,
which equals OA end-stage disease'®. The widely
acknowledged criterion for surgical intervention
is the persistence of discomfort and functional
impairment despite using non-invasive therapeu-
tic approaches. Various surgical techniques have
been explored for the treatment of OA'™. How-
ever, none have achieved the same level of effec-
tiveness as a complete joint replacement, which is
considered the most productive surgical strategy,
exhibiting favorable patient outcomes in cases of
hip, knee, and shoulder joint replacement proce-
dures'®*'%¢, Total hip replacement (THR) has been
renamed “the operation of the century”, featuring
millions of yearly THRs, with over 95% of pa-
tients satisfied with the functional results'®’.

Modern surgery techniques allow patients
to put the joint under load shortly after surgery.
Multimodal pain management is recommend-
ed'™, and the hospital stay averages 2-3 days.
Among surgical complications, infections, failed
prosthesis, wound dehiscence, and deep venous
thrombosis represent key elements of post-surgi-
cal management that must be actively prevented.
For instance, active exercises and early, frequent
walking can prevent thrombosis, while pulmo-
nary physiotherapy may prevent atelectasis'®.

A recent longitudinal study that evaluated the
quality of life and all the domains of the WOMAC
score in patients that had undergone THR or to-
tal knee replacement before the surgery and at one
year from the surgery reported consistent improve-
ments in all domains concerning physical function
as well as those concerning social relationship'.

Prevention

OA prevention is paramount in preserving joint
health and enhancing the quality of life. While
some risk factors, like genetics and aging, are
beyond our control, there are numerous effective
strategies for mitigating the risk of developing OA
and countering the low-grade systemic inflamma-
tion that is a catalyzer of many diseases.
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Maintaining a healthy weight is perhaps the
most critical aspect of OA prevention, as the
modifiable risk factors section explains. Exercise
helps prevent OA through several mechanisms'":

1) Strengthening muscles: regular exercise
strengthens muscles around the joints, par-
ticularly the quadriceps, providing better
support and reducing joint stress.

2) Improving flexibility: stretching exercises in-
crease joint flexibility, reducing stiffness and
improving range of motion.

3) Weight management: aerobic exercises help
maintain a healthy weight, reducing the load
on weight-bearing joints.

4) Cartilage health: physical activity stimulates
the production of synovial fluid, which nour-
ishes cartilage and reduces friction.

Diet is another key factor in osteoarthritis pre-
vention. A diet rich in antioxidants, omega-3 fatty
acids, and essential vitamins supports joint health
by reducing inflammation and enhancing cartilage
integrity. Conversely, a diet high in processed foods,
sugary beverages, and trans fats can exacerbate in-
flammation and accelerate joint deterioration®*!2,

Proper hydration ensures the synovial fluid is
not depleted and may benefit OA prevention and
management, even reducing pain'®.

Finally, abstaining from smoking and limiting
alcohol intake can reduce the risk of cartilage
damage and inflammation'*'%>.

Future Strategies: Role of Inflammation
Markers in Osteoarthritis

Inflammation markers, such as the neutro-
phil-to-lymphocyte ratio (NLR), hold significant
potential for the early detection and management
of OA. NLR is an easily measurable, cost-effec-
tive biomarker that reflects systemic inflamma-
tion, a critical factor in the pathogenesis of OA.
Studies have demonstrated that elevated NLR
levels are associated with various inflammatory
conditions and can indicate diseases possibly cor-
related with OA, such as osteoporosis, and subse-
quent femoral fractures!*®-1%,

Research has indicated that patients with ad-
vanced OA exhibit significantly higher NLR val-
ues compared to those with mild OA and healthy
controls. This was highlighted in studies where
patients with symptomatic knee OA had NLR
values that correlated with clinical severity and
patient-reported outcomes, such as the WOMAC
and the VAS'2%_ This correlation suggests that
NLR could be utilized as a diagnostic tool to iden-

tify early inflammatory changes in OA, potential-
ly before significant joint damage occurs.

Moreover, NLR, in conjunction with microR-
NA-141, has been shown to enhance diagnostic
accuracy and predict the severity of OA2%. This
combined approach could improve the identifica-
tion of high-risk individuals and allow for timely
interventions to slow disease progression.

To fully realize the benefits of NLR in OA de-
tection and management, future research should
focus on large-scale, longitudinal studies to val-
idate its predictive value and establish standard-
ized thresholds for clinical use. Integrating NLR
monitoring into routine practice could enable
earlier and more precise interventions, ultimately
improving patient outcomes and quality of life'”.

Conclusions

OA is a ubiquitous and debilitating illness that
causes pain, decreased quality of life, and high
health-care costs that are doomed to increase fur-
ther due to an increase in the elderly population
combined with a rising epidemic of obesity. As
we learn more about the pathophysiology of OA,
we open the door to novel therapeutic options.
Given the disorder’s numerous paths, a multidis-
ciplinary approach to treatment and prevention is
expected to be the future treatment of OA.

The main challenge is the OA clinical hetero-
geneity, so efforts must be concentrated on pre-
vention and early diagnosis, which offers the most
consistent window of opportunity, and on identi-
fying the phenotype and endotype of the specific
patient to personalize the treatment. The valida-
tion of new biomarkers will help in this matter.

As this tailored approach enters the daily clin-
ical practice, trials learning from the past failed
trials will focus on specific subsets of the disease,
helping to develop new drugs such as DMOADs to
address the unmet demands of patients with OA.
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