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Evyopiotics

®a nBeha va ekPpaom Tig BepUEC LoV gvyaploTieg TPog TNV Ka. AeAnytavvidov Eiprvn
Yoo TV KaBodnynomn, TN GLVEXN LRTOGTAPIEN Kot TNV TOAVTUN GLUPBOAN NG oTnVv
ekmoévnon g mapoHoos SMAGUOTIKNG epyaciag. H emotnuovikn g Katdption, 1
SBESIUOTNTA TG KOL TO OVGLOCTIKO EVIAPEPOV OV €MESEIEE KOO’ AN TN dbpKeLn
™G ovvepyaoiag pog ouvéforav KOOBOPIGTIKE OTNV OAOKANP®OTN 1TNG HEAETNG.
[MopdAinia, péoo amd TN ovvepyacio Hog evioybONKe aKoOUN TEPIGGOTEPO TO
EVOLLPEPOV OV Y10 TNV EPEVVITIKT SLOOIKAGIOL KOL TV EMGTNUOVIKT TPOGEYYIOT TNG
YV,

[Switepeg egvyapiotiec Ba MBela emiong va amevbiveo ota péAN ™G TPYELoDS
e€eTaoTIKNG emiTponng, TV Ka. Xpotiva Totyalov, Avaminpdtpro Kadnynrpia tov
Tuquratog latpikng tov Anpokprreiov IMavemotnuiov Opdkng, KOOGS Kol TV Ka.
Mopio Tpappaticoroviov, Emikovpn Kabnyntpio tov Tunupatog latpikng tov
[Movemotpiov Oeccariag, Yo Tov xpovo mov d1Ebecay, Kabmg Kot yio TNV TOAVTIUN
a&loAdynon Kot TIC TLPOTNPNGELS TOVC.

Téhog, Ba Beda va vyaploTom Bepud 6Aovg Tovg dddokovteg Tov TIpoypappatog
Metantoylokdv Xmovdadv «Tpdeua, Awtpoen kot MikpoPiopo» yio v vyniov
EMMEOOV EKTTAIOEVOT), TNV OKAOMUOIKT KaHOOYNON Kol T GUVOAIKY GULUBOAN TOVG

OTNV ENIGTNHOVIKT KOL TPOCMTIKT LoG EEMEN KB’ OAN TN SLAPKELL TOV CTOVODV LLOGC.



Hepiinym

Ewayoyn: H oocteoappitida amotehel po diaitepa cuyxvny ypoévia mtabnon tov
apBpwcewv, n onoia yopaktpiletor omd TOVO Kot TPOoodeVTIKN TafoAoyia TOL apopd
10 6VUVOAO NG ApBpwong. Ta televtaia ypdvia, 0L PLTIKNG TPOEALELONG EVOGELS KOl
eMAEYUEVESG PLOAOYIKES TAPEUPACELS £XOVV TPOGEAKVGEL QLEAVOLEVO EVOLAPEPOV MO
CUUTANPOUATIKEG  TPOCEYYIGES Yo TN Oloyeiplon TOV  CUUTTOUATOV NG
ooteoapOpitidas.

Mé0odor: H napovoa dSumhopatiky epyacio mapéyet pio PAOypagikny avackomnon
™m¢ owbéoung tekunpioong oamd peAéteg mOL AELOAOYOUV QUTIKNG TPOEALELONG
EVOOELS,  OTPOPIKA/POPUOKEVTIKE — OKELACUATO,  PlOdPACTIKA  GLOTATIKA
TPoEPYOUEVO OO TPOPIUN Kol EMAEYUEVEG PloAoYIKEC TapeUPACELS G EVIAMKOLS
mAnBuopovg pe ooteoapbpitida. H ovvBeon emkevipmbnke kupiwg oe cvopntdpote
(6mwc 0 TOVOC, 1 SvoKapyia), TOVG PAEYHOVAOIELG PlodeikTeg KOOMG KoL TNV AGOAAELD.
AOY®D NG €TEPOYEVEING OC TPOG TIC TAPEUPACEIS, TIG HOPQOES YOPNYNonsg, TV
Jd0GOAOYIDV, TV GUYKPITIKMOV OLAd®V KOl TV £PYOAEi®V aEl0AdYNoNG, TO EVPNLOTA
oLVTEOMKOV TOLOTIKG KOl TOPOVGLAGTIKAY GE TIVOKEG.

Amoteréopata: H dtobéoiun kKAvikn tekpunpioorn vrodnAdveL OTL To. GKELAGLOTO [LE
Baon v kovpkovuiv kot ot mopepPdostg mov oyetilovror pe 1 Boswellia
Tapovclalovy TG Mo otabepés evoeilelg cuumTpaTiKng Peitioong, ov kol 1M
HeBOSOAOYIKN ETEPOYEVELD KOL Ol JAPOPES MG TPOS TIG POUPLUKOTEXVIKEG LOPPES
neplopilovv v 1oyd TV cvpmepacpdTov. H mtpolobepancio pe deETpodln eEetdotnke
OC EMAEYHEVN UM QUTIKNG TPOEAELONG CUUTANPOUATIKY ToPEUPOCT) KOl ELPAVICE
YEVIKA €LVOTKA EVPNUATO GE CUYKPLON UE PUGIOAOYIKO 0pd N TapeUPACELS AoKNOMG.
Qo61660, T0 GYETIKO TG OPEAOG PAVNKE AyOTEPO 0TabEPO dTaV cLYKPiONKE pe GAAES
Broroyikéc evéopeg Bepameieg, Onwg 10 TAAGHO TAOVGLO GE OUOTETAALN 1 O VTOAOYOG
pvOuopévog opods. H texunpioon yww v arhavtotolivn tdmov A kot v
Koyaikivn/trans-koyoikivn oy pekty, kobmg peyoldtepeg HeAETEG 0ev KATEDEEAY
Le CULVERELD LITEPOYN EVOVTL TV OpAd®V eAéyyov. H tekunpioon yio v kpoxivn
TOPOUEVEL  TTEPLOPIOUEVT, OAAG  VTOONA®VEL TOOVEG  OVTIQAEYLOVADOES Kol
avocoppuOucTikEg  emdpdoelg mov  ypeldlovror  mepartépw  emiPefainon  og
HEYOADTEPES KMVIKEG LEAETEC, evA M TeKumpiwon Yo T peoPepatpdin mopEpeve
TEPOPOUEVT] Kol oE0A0YNONKE HOVO O OYEOM HE EVPNUOTO EOIKA Yot TNV
ooteoapOpitida.

Yopmépacpo: XUVoAlkd, To Owbéoyuo dedopéva vmootpilovv 0Tl emAeypéveg
(QUTIKNG TPOEAEVONG EVDGELS KL GUUTANPOUOTIKEG PLOAOYIKES TAPEUPACELS EVOEXETOL
Vo £€(0VV VTOGTNPIKTIKO POAO GTI| CLUUTTOUATIKY Olayeipion tng ooteoapbpitidag,
KLPIOG MG TPOG TN Hel®oT Tov TOVOL Kot TN PeAtioon g AettovpykodtnTos. 26Td00,
N vdpyovcsa TeKUNPiwon Oev emapkel Yo vo vrootnpi&el coeeic emdOpAcel; otV
e€EMEN TG VOG0V, ATtotovvTot LEYOADTEPESG KOl KAAG GYEIIUCUEVES TUYOLOTTONLEVEG
e eyyopeveg HeAETEC, He TLMOMOMUEVEG TOPEUPACELS Kol HEYAAVTEPN OlbpKELN
TopoKoAovOnoNG.



Abstract

Introduction: Osteoarthritis is a highly prevalent chronic joint disorder characterized
by pain, functional limitation and progressive whole-joint pathology. In recent years,
plant-derived compounds and selected adjunctive biological interventions have
attracted increasing interest as complementary approaches for osteoarthritis symptom
management.

Methods: This dissertation provides a literature review of clinical studies evaluating
plant-derived compounds, nutraceutical formulations, food-derived bioactives and
selected adjunctive biological interventions in adult populations with osteoarthritis. The
synthesis focused primarily on symptomatic outcomes, including pain, physical
function, stiffness, inflammatory biomarkers and safety. Due to heterogeneity in
interventions, formulations, comparators, study designs and outcome measures,
findings were synthesized narratively and tabulated rather than pooled quantitatively.

Results: The available clinical evidence suggests that curcumin-based preparations and
Boswellia-related interventions provide the most consistent signals for symptomatic
improvement, although methodological and formulation heterogeneity limit the
strength of conclusions. Dextrose prolotherapy was considered as a selected non-plant
adjunctive intervention and showed generally favorable findings compared with saline
or exercise controls, but its relative benefit appeared less consistent against other
biological injectables such as platelet-rich plasma or autologous conditioned serum.
Evidence for botulinum toxin type A and capsaicin/trans-capsaicin was mixed, as larger
or more confirmatory studies did not consistently demonstrate superiority over controls.
Crocin was interpreted as preliminary evidence based on one small randomized clinical
base with secondary immunological and molecular analyses, while resveratrol evidence
remained limited and was considered only in relation to osteoarthritis-specific findings.

Conclusion: Overall, the available evidence supports a complementary, symptom-
focused role for selected plant-derived and adjunctive biological interventions in
osteoarthritis management. However, current evidence remains insufficient to support
established disease-modifying effects. Larger, well-designed randomized controlled
trials with standardized formulations, clinically relevant comparators and longer
follow-up are needed to clarify efficacy, safety and potential structural effects.

Keywords: osteoarthritis; literature review; curcumin; Boswellia; crocin; resveratrol,
dextrose prolotherapy; botulinum toxin; capsaicin; symptomatic management.
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1. Introduction

1.1 Osteoarthritis (OA): Historical background and pathophysiology

The understanding of osteoarthritis (OA) has evolved over several millennia, with early
descriptions appearing in paleopathological remains long before the disease was
formally recognized. Skeletal evidence from ancient Egyptian, Greek, and pre-
Columbian populations demonstrates characteristic osteophytes and joint-surface
degeneration consistent with OA, indicating that the condition has afflicted humans
since antiquity (Kloppenburg and Berenbaum, 2020; Kraus et al., 2015). The earliest
clinical descriptions of OA-like symptoms (chronic joint pain, stiffness, and deformity)
can be traced to Hippocratic writings, where joint deterioration was attributed to aging

and physical hardship (Kloppenburg and Berenbaum, 2020).

During the 18th and 19th centuries, the medical classification of joint diseases began to
develop. William Heberden provided one of the first modern clinical descriptions of
OA in 1802, identifying the nodular deformities of the distal interphalangeal joints later
termed “Heberden’s nodes” (Heberden, 1802). Later, in 1907, Aleksei Stepanovich
Nasonov and contemporaries advanced the differentiation between ‘“degenerative
arthritis” and inflammatory arthropathies such as rheumatoid arthritis, consolidating the
concept of OA as a distinct clinical entity (Nasonov, 1907; Garrod, 1890). By the early
20th century, OA was widely regarded as a disorder of progressive cartilage “wear and

tear,” largely driven by mechanical stress and aging.

Historical therapeutic approaches reflected these mechanistic beliefs. Ancient Egyptian
and Greco-Roman physicians used herbal poultices, massage, balneotherapy, and heat
applications for chronic joint pain (Waldron, 1991). In the 19th century, management
relied heavily on topical counterirritants, salicylates, rest, and rudimentary
physiotherapy, while surgical interventions were limited to treating severe deformities.
The mid-20th century brought significant advances: the introduction of non-steroidal
anti-inflammatory drugs (NSAIDs) in the 1950s, corticosteroid injections in the 1950s—
60s, and eventually the development of joint replacement surgery in the 1960s, which

revolutionized the treatment of end-stage OA (Learmonth et al., 2007).
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By the early 21st century, scientific understanding shifted dramatically. OA began to
be recognized not simply as a degenerative cartilage disease but as a complex, whole-
joint pathology involving synovial inflammation, subchondral bone remodeling,
metabolic dysregulation, and altered neuromuscular function (Bijlsma et al., 2011;
Hunter and Bierma-Zeinstra, 2019). This shift gave rise to the concept of distinct OA
phenotypes (biomechanical, metabolic, inflammatory, post-traumatic) laying the
groundwork for disease-modifying interventions and targeted therapies that continue to

be explored today.

OA pathogenesis is multifactorial and involves progressive degeneration of articular
cartilage, subchondral bone remodeling, synovial inflammation, and loss of joint
homeostasis. These changes are driven by mechanical stress, oxidative damage,
metabolic alterations, and dysregulated inflammatory signaling (Bijlsma et al., 2011).
Established risk factors include aging, obesity, previous joint injury, genetic
predisposition, female sex, and metabolic syndrome components such as insulin

resistance and dyslipidemia (Loeser et al., 2016).

Osteoarthritis (OA) is a progressive and multifactorial joint disease, representing the
most prevalent degenerative musculoskeletal disorder globally. Modern research has
moved beyond the historical perception of OA as a purely mechanical “wear-and-tear”
condition, recognizing it instead as a complex interplay of biomechanical stress,
metabolic alterations and low-grade chronic inflammation (Hunter and Bierma-
Zeinstra, 2019). The central pathological feature of OA is the degeneration of articular
cartilage. Chondrocytes (responsible for extracellular matrix (ECM) maintenance)
undergo phenotypic change when exposed to mechanical overload, oxidative stress and
inflammatory cytokines, shifting toward a catabolic state. This leads to increased
expression of matrix metalloproteinases such as MMP-1, MMP-3 and MMP-13,
alongside aggrecanases ADAMTS-4 and ADAMTS-5, driving accelerated ECM
degradation and loss of cartilage integrity (Loeser et al., 2016).

Subchondral bone also undergoes substantial remodeling during OA progression. Early
structural changes include increased porosity, followed by sclerosis, osteophyte
development and formation of bone marrow lesions, features strongly correlated with
pain and radiographic severity (Bertuglia et al., 2016). Additionally, synovial

inflammation is now recognized as a key contributor to OA pathogenesis. Synovitis
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arises through infiltration of immune cells, particularly macrophages, into the synovial
membrane, leading to secretion of pro-inflammatory cytokines such as TNF-a, IL-18
and IL-6 that perpetuate cartilage breakdown and nociceptive sensitization (Robinson

etal., 2016).

At the molecular level, the NF-xB signaling pathway plays a central role by regulating
genes encoding cytokines, chemokines and catabolic enzymes, thus establishing a self-
propagating cycle of inflammation and tissue damage (Rigoglou and Papavassiliou,
2013). Oxidative stress further compromises chondrocyte viability, as elevated reactive
oxygen species disrupt cellular homeostasis and damage structural macromolecules
(Del Carlo and Loeser, 2008). Meanwhile, chondrocyte senescence and the associated
secretory phenotype (SASP) drive persistent inflammatory and degradative signaling
within the joint microenvironment (Jeon et al., 2017). Together, these structural and

molecular changes underpin the pathological trajectory of OA.

1.2 Types of osteoarthritis and OA location
Osteoarthritis (OA) is broadly classified into primary (idiopathic) OA and secondary OA, based

on the underlying etiology. Primary OA develops in the absence of a clearly identifiable cause
and is strongly associated with age, genetic predisposition, and systemic risk factors, typically
affecting multiple joints over time. In contrast, secondary OA arises due to predisposing factors
such as prior joint trauma, congenital or developmental abnormalities (e.g., hip dysplasia),
inflammatory arthropathies, or metabolic disorders (Bijlsma et al., 2011; Glyn-Jones et al.,
2015). Clinically, OA commonly involves the knee, hip, hand (particularly the distal and
proximal interphalangeal joints and the first carpometacarpal joint), and less frequently the
spine and shoulder (Hunter and Bierma-Zeinstra, 2019). The pattern of joint involvement often
provides clues regarding OA type; for instance, hand OA with prominent interphalangeal
involvement is more frequently idiopathic, whereas OA localized to a single knee or hip joint
may follow trauma or developmental anomalies (O’Neill et al., 2018). Patients typically present
with activity-related joint pain, brief morning stiffness (<30 minutes), crepitus, limited range
of motion, and functional limitations, with swelling or deformity appearing in more advanced
stages (Hunter and Bierma-Zeinstra, 2019). Imaging modalities complement the clinical
assessment: radiographs reveal joint-space narrowing, osteophytes, and subchondral sclerosis,
whereas MRI allows earlier detection of cartilage loss, synovitis, and bone marrow lesions,
which correlate more closely with symptom severity and prognosis (Glyn-Jones et al., 2015;

O’Neill et al., 2018).
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1.3 Risk factors for osteoarthritis

OA arises from the interaction of systemic susceptibility and local mechanical stress;
risk factors may be classified as non-modifiable, modifiable (biological/structural), and

behavioral/comorbid contributors.

1.3.1 Non modifiable factors

1. Sex: Female sex is associated with higher prevalence and greater symptom
burden of OA, particularly after the menopause, implicating sex-specific biological and
hormonal influences on joint tissues (Glyn-Jones et al., 2015; Hunter and Bierma-
Zeinstra, 2019).

2. Age: Age is the strongest population-level correlate of OA; age-associated
changes in chondrocyte function, accumulation of senescent cells and reduced repair
capacity contribute to cartilage vulnerability. The risk of symptomatic OA and
structural joint deterioration increases markedly with advancing age (Bijlsma et al.,
2011; Loeser et al., 2016).

3. Genetics: Heritability estimates, genome-wide association studies and familial
analyses demonstrate that genetic predisposition substantially modifies OA risk, with
multiple susceptibility loci identified for hip, knee and hand OA (Reynard and
Loughlin, 2012). Genetic factors interact with mechanical and metabolic exposures to
determine individual disease susceptibility.

4. Anatomical abnormalities: Congenital or developmental joint shape
abnormalities, for example acetabular dysplasia or femoroacetabular impingement in
the hip, limb length inequality, and malalignment of the knee (varus/valgus), increase
focal mechanical stress and substantially raise the risk of incident and progressive OA

in the affected joint (Sharma et al., 2001; Glyn-Jones et al., 2015).

1.3.2 Modifiable biological/structural factors

1. Obesity: Obesity is a major, modifiable risk factor, acting through both
increased mechanical loading of weight-bearing joints and systemic metabolic and
inflammatory effects linked to adipokines and low-grade inflammation (Messier et al.,

2018). Weight loss reduces joint load and improves pain and function in knee OA.
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2. Joint injury and overuse: Prior joint injury (meniscal tears, ligament rupture,
intra-articular fractures) is a leading cause of secondary OA, often precipitating post-
traumatic OA years after the index event. Likewise, repetitive overload or occupational
joint overuse accelerates cartilage failure in susceptible individuals (Bijlsma et al.,
2011).

3. Muscle deficiency / sarcopenia: Reduced periarticular muscle strength and
mass, particularly quadriceps weakness at the knee, impairs joint stability and increases
mechanical stress, thereby promoting OA incidence and progression; maintaining
muscle mass is a key target for prevention and rehabilitation (Hunter and Bierma-
Zeinstra, 2019).

4. Metabolic factors and low-grade chronic inflammation: A “metabolic” OA
phenotype is increasingly recognized: dyslipidemia, insulin resistance and systemic
metabolic syndrome components are associated with OA incidence and severity, likely
via systemic inflammatory mediators and altered subchondral bone and cartilage

metabolism (Glyn-Jones et al., 2015).

1.3.3 Behavioral factors

1. Physical inactivity / sedentary behavior: Sedentary lifestyle is associated with
worse symptoms, poorer physical function and an increased risk of progression in OA;
conversely, appropriately dosed physical activity and structured exercise programs
reduce pain and improve function and are core components of management (Fransen et
al., 2015).

2. Smoking: The association between cigarette smoking and OA is complex and
inconsistent across studies. Some meta-analyses reported an inverse association
between smoking and radiographic knee OA, but evidence is heterogeneous and
confounded; other studies show smoking may exacerbate symptoms and comorbid risk,
and a causal protective effect is implausible. Thus, smoking cannot be recommended
as protective and remains an overall adverse health behavior (Shen et al., 2023).

3. Diet: Diets low in anti-inflammatory nutrients and antioxidants (for example
low intake of fruits, vegetables, omega-3 fatty acids) may worsen systemic
inflammatory tone and contribute, alongside obesity and metabolic dysfunction, to OA
risk and symptom severity; conversely, healthy diets and nutrient interventions are

being investigated as adjunctive strategies (Glyn-Jones et al., 2015).
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1.3.4 Comorbidities

Common cardiometabolic comorbidities (including type 2 diabetes mellitus,
hypertension and dyslipidemia) frequently co-exist with OA and are associated with
worse symptoms and faster progression in certain phenotypes; these conditions may
amplify systemic inflammation and compromise joint tissues (Sellam and Berenbaum,
2013). Crystal arthropathies, such as gout and uric acid deposition, may coexist with
OA and exacerbate synovial inflammation, accelerating pain and structural damage in

affected joints (Englund, 2023).

1.4 Clinical Presentation and Diagnosis

Osteoarthritis presents clinically with chronic, activity-related joint pain, morning
stiffness typically lasting under 30 minutes, joint swelling, crepitus and progressive loss
of range of motion. These symptoms contribute to significant functional decline,
reduced mobility and deterioration in quality of life. Pain arises from multiple affected
tissues, including cartilage, synovium, subchondral bone, ligaments and periarticular
muscles, reflecting the multifaceted nature of the disease (Hunter and Bierma-Zeinstra,

2019).

Diagnosis relies primarily on clinical assessment, supported by imaging techniques.
Conventional radiography remains the standard diagnostic tool and typically reveals
joint space narrowing, osteophyte formation and subchondral sclerosis. Magnetic
resonance imaging (MRI) provides enhanced sensitivity, allowing the detection of early
cartilage defects, synovitis, meniscal pathology and bone marrow lesions, structural
features often associated with greater symptom severity (Roemer et al., 2009).
Ultrasound, while operator-dependent, is increasingly used to assess synovial

inflammation and joint effusion.

Beyond imaging, numerous biochemical markers have been explored, including
markers of cartilage degradation (e.g., CTX-II, COMP) and systemic inflammation
(e.g., CRP, IL-6). Despite promising findings, these biomarkers currently lack the
specificity and reproducibility necessary for routine clinical application and remain

primarily confined to research settings (Mobasheri and Batt, 2016).
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1.5. Osteoarthritis pain

1.5.1 Factors Influencing Pain in Osteoarthritis

Pain in OA is a complex and multifactorial symptom influenced by biological,
mechanical, metabolic, psychological, and social factors (Table 1).

Biological factors include sex, with women typically reporting higher pain intensity,
age-related changes in nociception, systemic inflammatory markers, and phenomena of
central sensitization, all of which can amplify pain perception independently of
structural joint damage (Arendt-Nielsen et al., 2010; Hawker et al., 2011).

Mechanical contributors encompass anatomical deformities such as varus or valgus
knee alignment, hip dysplasia, joint instability, muscle weakness, and prior injuries,
which increase joint stress and exacerbate nociceptive input (O’Neill et al., 2018).
Metabolic factors, including obesity and metabolic syndrome, augment mechanical
load on weight-bearing joints and promote low-grade systemic inflammation that can
accelerate cartilage degradation and intensify pain.

Psychological determinants such as anxiety, depression, and pain catastrophizing
influence the cognitive and affective experience of pain, often worsening reported pain
intensity and limiting activity (Wise et al., 2010).

Finally, social and lifestyle factors, including occupational demands, habitual physical
activity levels, and access to healthcare services, modulate pain by affecting both
functional capacity and opportunities for timely intervention. Collectively, these
diverse factors underscore the importance of a biopsychosocial approach to pain

assessment and management in OA.

Table 1. Summary Grouping of Pain Parameters

Category Factors
Biological Sex (female 1 pain), age, inflammatory markers (e.g., CRP,
cytokines), central sensitization

Mechanical Anatomical deformities (e.g., varus/valgus knee, hip dysplasia),
muscle weakness, joint instability, prior injuries

Metabolic Obesity, metabolic syndrome, insulin resistance

Psychological Anxiety, depression, pain catastrophizing, fear of movement

Social / Occupation, physical activity, and access to healthcare

Lifestyle
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1.5.2 Pain Assessment Methods in Osteoarthritis

Accurate measurement of pain in osteoarthritis is critical for both clinical management
and research, as pain is the primary symptom driving functional limitation and
healthcare utilization. Various validated instruments are available, each capturing
different dimensions of the pain experience. Unidimensional scales such as the Visual
Analogue Scale (VAS) and Numeric Rating Scale (NRS) quantify global pain intensity
and are widely used due to their simplicity, sensitivity to change, and ease of
administration. Disease-specific tools, including the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and the Knee/Hip Injury and
Osteoarthritis Outcome Score (KOOS/HOOS), evaluate pain in the context of daily
activities and joint-specific function, allowing a more nuanced assessment of the impact
of osteoarthritis on quality of life. Composite responder criteria, such as the
OMERACT—OARSI standards, provide standardized endpoints for clinical trials by
integrating changes in pain, function, and patient global assessment, facilitating
comparison across interventions. Selection of the appropriate pain measurement
method requires consideration of the study or clinical context, the dimensions of pain
under investigation, and potential confounding factors such as psychosocial or
demographic influences (Hawker et al., 2011; Pham et al., 2004; Williamson and
Hoggart, 2005).

1.5.2.1 WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index)

The WOMAC pain subscale is a disease-specific, multi-item instrument developed to
quantify pain associated with osteoarthritis of the hip and knee during common
functional tasks (Hawker et al., 2011; Bellamy et al., 1988). Because its items ask
patients to rate pain during activities such as walking, stair climbing, and
sitting/standing, WOMAC pain scores integrate both nociceptive input and functional
limitation and therefore correlate closely with biomechanical and physical determinants
of joint load. Consequently, higher body mass index (BMI) commonly elevates
WOMAC pain through increased mechanical stress on weight-bearing joints, while
reduced periarticular muscle strength (for example quadriceps weakness) and lower
overall functional capacity amplify task-related pain and worsen WOMAC scores
(Thumboo et al., 2001; Sharma et al., 2003). Psychological factors including

depression, pain catastrophizing or fear of movement also inflate WOMAC pain scores
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by altering pain perception and activity avoidance, underscoring the multidimensional

nature of what the WOMALC pain subscale measures (Hawker et al., 2011).

1.5.2.2 VAS (Visual Analogue Scale)

The Visual Analogue Scale (VAS) is a unidimensional, continuous measure of global
pain intensity frequently used in osteoarthritis trials because of its sensitivity to change
and simplicity of administration (Hawker et al., 2011). However, VAS ratings reflect
subjective perception of pain and are therefore susceptible to a range of non-structural
modulators. Sex differences in pain reporting, women tending to report higher pain
intensity, together with age-related sensory and cognitive changes can systematically
bias VAS scores (Hawker et al., 2011). Psychological state (e.g., anxiety, depression,
catastrophizing) exerts a strong influence on VAS through attentional and affective
amplification of nociceptive signals, while phenomena of peripheral and central
sensitization in a subset of OA patients produce disproportionately high VAS scores
relative to joint structural change (Arendt-Nielsen et al., 2010). These sources of
variance mean that VAS values must be interpreted in the context of biopsychosocial

assessment rather than as direct surrogates of joint damage.

Visual Analog Scale (VAS)

0o 1 2 3 4 5 6 7 8 9 10

Moderate Worst

N i . ) .
opaint pain Possible Pain

Figure 1. Visual Analog Scale ( Broukbush Institute- Human Movement Science).

1.5.2.3 NRS (Numeric Rating Scale)
The Numeric Rating Scale (NRS), usually an 11-point 0-10 scale, is widely adopted in

both clinical practice and research for its ease of use and psychometric robustness
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(Williamson and Hoggart, 2005). Like the VAS it measures global pain intensity, but it
is conceptually more categorical and verbally administered, which can improve
feasibility in older or low-literacy populations. Nevertheless, NRS responses are
influenced by cognitive and educational factors that affect numerical comprehension
and scaling behaviour; patients with lower numeracy or cognitive impairment may
provide less reliable NRS scores (Williamson and Hoggart, 2005). Acute anxiety or
stress can transiently increase NRS ratings, and stable psychological traits similarly
bias reported pain intensity. For these reasons, NRS is valuable as a concise pain metric
but should be complemented by functional measures and screening for

cognitive/affective confounders in OA cohorts.

None Mild Moderate Severe

Figure 2 Numerical rating Scale (NRS) (Sirintawat et al., 2017).

1.5.2.4 KOOS Pain / HOOS Pain (Knee / Hip)

The KOOS (for knee) and HOOS (for hip) pain subscales extend the concept of the
WOMAC by assessing pain across a broader range of activities relevant to daily life,
sport and recreation, and quality of life (Roos et al., 1998). Because these instruments
specifically probe pain during mechanically demanding tasks and activities, they are
particularly sensitive to biomechanical determinants such as malalignment, joint
instability, meniscal or labral pathology, and habitual loading patterns. Consequently,
mechanical factors (e.g., varus/valgus alignment, limb length discrepancy, altered gait)
and daily activity levels exert a pronounced influence on KOOS/HOOS pain scores;
interventions that modify loading or improve neuromuscular control are therefore likely

to produce detectable changes on these scales (Collins et al., 2016; Roos et al., 1998).
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KOOS and HOOS are thus well suited for trials targeting biomechanical or
rehabilitative interventions, but their sensitivity also means that observed pain changes

may reflect altered activity exposure as much as intrinsic analgesic effects.

1.5.2.5 OMERACT-0OARSI pain responder criteria

The OMERACT-OARSI responder criteria provide a composite, trial-oriented method
to dichotomize patients as responders or non-responders based on predefined absolute
and relative changes in pain, function and patient global assessment (Pham et al., 2004).
While useful for standardizing trial endpoints, responder classification is strongly
dependent on baseline pain severity (patients with very low or very high baseline scores
have different probabilities of meeting response thresholds) and is modulated by patient
characteristics such as BMI and sex: higher BMI commonly reduces the likelihood of
achieving responder status due to persistent biomechanical load and systemic
inflammation, and some analyses indicate sex-related differences in response rates,
with women less likely to meet strict responder thresholds in certain contexts (Pham et
al., 2004). Therefore, interpretation of OMERACT—OARSI responder outcomes should

consider baseline covariates and use stratified or adjusted analyses where appropriate.

1.6 Conventional Management of OA

Management of OA is centered on symptom relief rather than disease modification, as
no disease-modifying osteoarthritis drugs (DMOADs) have yet been approved.
Pharmacological treatment typically begins with non-steroidal anti-inflammatory drugs
(NSAIDs), which inhibit cyclooxygenase enzymes to reduce prostaglandin-mediated
pain and inflammation. However, long-term NSAID therapy carries risks of
gastrointestinal bleeding, renal impairment and cardiovascular events, limiting their use
in many patient populations (Cooper et al., 2019). Analgesics such as paracetamol have
shown limited efficacy for chronic OA pain and pose risks of hepatotoxicity when used

in high doses or over extended periods (Machado et al., 2015).
Intra-articular corticosteroid injections may provide short-term relief of pain and
inflammation, yet evidence suggests that repeated injections may accelerate cartilage

loss, raising concerns regarding safety in long-term management (Wernecke et al.,
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2015). Hyaluronic acid injections, once widely utilized, have produced inconsistent
clinical outcomes, with recent systematic reviews reporting modest or negligible

benefits for many patients (Altman et al., 2015).

Non-pharmacological interventions form the foundation of OA care and are universally
recommended by clinical guidelines. Exercise therapy (including resistance training,
aerobic activity and neuromuscular conditioning) has shown consistent benefits in
improving pain, physical function and overall well-being (Fransen et al., 2015). Weight
reduction is strongly advised for individuals with overweight or obesity, as even modest
decreases in body weight significantly reduce joint load and systemic inflammation
(Messier et al., 2018). Physiotherapy, patient education, orthotic support and assistive

devices further complement clinical management.

Despite these therapeutic strategies, many patients continue to experience inadequate
symptom control, treatment-related side effects or contraindications to standard
medications. Current therapies largely target symptoms rather than underlying
molecular drivers of the disease, leaving a substantial unmet need for interventions that

are both effective and safe for long-term use.

1.7 Need for Alternative Biological Therapies

In terms of global impact, osteoarthritis is the most prevalent chronic joint disorder
globally and represents a major cause of pain and disability among older adults. Its
prevalence rises sharply with age, affecting more than 300 million people worldwide
(Hunter and Bierma-Zeinstra, 2019). Additionally, the socioeconomic burden of OA is
substantial as it accounts for billions of dollars in annual healthcare costs, largely due
to chronic medication use, joint replacement surgeries, physiotherapy, and productivity
loss (Cross et al., 2014). OA is currently managed through a combination of
pharmacological and non-pharmacological interventions. NSAIDs, acetaminophen,
opioids, and intra-articular corticosteroid injections are commonly used for symptom
control but do not modify disease progression (Fernandes et al., 2013). Long-term use
is further limited by adverse effects such as gastrointestinal bleeding, renal dysfunction,
cardiovascular events, and potential acceleration of cartilage loss with repeated

corticosteroid injections (Bally et al., 2017; McAlindon et al., 2017).
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These limitations highlight a significant therapeutic gap, prompting increased interest
in complementary, safer, and potentially disease-modifying approaches. Among these,
plant-derived bioactive compounds have attracted growing scientific attention due to
their anti-inflammatory, antioxidant, and chondroprotective properties (Henrotin et al.,
2013). Growing evidence supports the role of systemic inflammation, oxidative stress,
and metabolic dysregulation in OA, providing a rationale for interventions that
modulate these pathways. Phytochemicals such as curcumin, boswellic acids,
resveratrol, and ginger-derived compounds exhibit anti-inflammatory, antioxidant, and
chondroprotective effects, and have been shown to influence key molecular targets
including NF-kB, cytokines and matrix-degrading enzymes (Daily et al., 2016;
Henrotin et al., 2013)).

Many plant-derived compounds also demonstrate favorable safety profiles, making
them suitable candidates for chronic use in contrast to NSAIDs or corticosteroids,
which carry significant long-term risks (Yu et al., 2020). Although clinical trial
evidence varies in strength, numerous studies have reported reduced pain, improved
joint function and decreased inflammatory biomarker levels following supplementation
with specific plant extracts. This growing body of research highlights the potential role

of phytotherapeutics as complementary or alternative approaches in OA management.

In light of the multifactorial nature of OA and the inadequacies of existing therapies,
the exploration of plant-based interventions represents a scientifically grounded and
clinically relevant direction. Such therapies may not only alleviate symptoms but also
target underlying inflammatory and catabolic processes, offering a more
comprehensive and potentially disease-modifying approach to the long-term

management of osteoarthritis.
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2. Plant-Derived and Adjunctive Biological Interventions for

Osteoarthritis

The expanding interest in alternative and complementary therapies for osteoarthritis
(OA) has led to a growing body of research exploring plant-derived compounds and
other biological interventions as potential modulators of joint inflammation, cartilage
degradation, and chronic pain. Conventional OA treatments (primarily NSAIDs,
corticosteroid injections, and analgesics) offer symptomatic relief but do not address
the underlying degenerative processes and are often limited by gastrointestinal,
cardiovascular, and metabolic side effects. Consequently, patients and clinicians
increasingly seek safer long-term strategies capable of modifying inflammatory
pathways and supporting joint integrity. Within this context, botanical extracts such as
Boswellia serrata, Curcuma longa (curcumin), saffron-derived crocin, and polyphenols
like resveratrol have gained scientific attention due to their anti-inflammatory,
antioxidant, and chondroprotective properties. Additionally, interventional approaches
such as dextrose prolotherapy and intra-articular botulinum toxin A (BoNT-A) are
being evaluated for their potential to provide relief in cases unresponsive to

conventional therapy.

2.1 Boswellia serrata

Among these natural agents, Boswellia serrata remains one of the most extensively
studied. Its gum resin contains boswellic acids with documented anti-inflammatory and
anti-catabolic activity, supported by clinical trials demonstrating improvements in pain
and functional outcomes in OA patients (Kimmatkar et al., 2003; Sengupta et al., 2008).
The therapeutic potential of Boswellia is further highlighted in systematic assessments,
which, although identifying methodological limitations, consistently point toward
meaningful symptomatic benefit (Yu et al., 2020). The plant’s role is also being
explored within multi-herbal formulations, often combined with extracts such as
Curcuma longa, Zingiber officinale, and Withania somnifera, based on the rationale
that synergistic biological actions may extend efficacy beyond what single compounds
can achieve (Henrotin et al., 2013). Clinical evaluations of such combined preparations,
including formulations like Curamin®, indicate potentially superior symptom

reduction compared to curcumin alone (Kuptniratsaikul et al., 2014).
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Figure 3 Structure of Boswellia serrata (Bernstein et al., 2018)

2.2 Curcumin

Curcumin, the principal bioactive constituent of Curcuma longa, is another extensively
researched phytochemical known for its strong anti-inflammatory and antioxidant
properties (Aggarwal and Harikumar, 2009). Multiple randomized trials and meta-
analyses report moderate improvements in OA pain and function with daily curcumin
supplementation, often at doses around 1000 mg/day, with fewer adverse effects
relative to NSAIDs (Daily et al., 2016; Onakpoya et al., 2017; Zeng et al., 2022).
Nevertheless, its clinical potential is constrained by extremely low bioavailability due
to rapid metabolism and elimination (Anand et al., 2007). This challenge has led to the
development of advanced formulations (including nanoparticles, essential-oil
complexes, and phytosomal carriers) intended to enhance systemic exposure. BCM-
95®, a curcumin—volatile-oil combination, demonstrates particularly high absorption
and shows promise across inflammatory and metabolic conditions (Antony et al., 2008;

Chandran and Goel, 2012; Panahi et al., 2017; Sasaki et al., 2011).
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Figure 4 Structure of curcumin (Deligiannidou et al., 2020)
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2.3 Crocin

Crocin, the major carotenoid constituent of Crocus sativus, exhibits potent antioxidant
and anti-inflammatory properties in preclinical OA models. Experimental studies
demonstrate that crocin attenuates oxidative stress, reduces cartilage catabolism, and
downregulates pro-inflammatory mediators relevant to OA progression (Hemshekhar
et al., 2012). Clinical evidence remains preliminary; however, early findings from an
interventional study using a crocin-containing preparation (Krocina™) reported
improvements in inflammatory markers and OA-related symptoms, suggesting possible
translational potential (Poursamimi et al., 2020). Recent reviews also highlight the
biological plausibility of crocin’s chondroprotective effects, although larger, well-
designed randomized controlled trials are required to confirm clinical efficacy (Vafaei

et al., 2022).

Figure 5 Structure of crocin (PubChem)

2.4 Resveratrol

Resveratrol, a polyphenolic compound found in grapes and berries, has been shown to
exert chondroprotective effects by suppressing IL-1p—induced NF-«kB activation and
matrix metalloproteinase expression in human articular chondrocytes (Shakibaei et al.,
2008). Small randomized clinical studies have demonstrated that adjunctive resveratrol
may reduce pain and systemic inflammation when combined with standard
pharmacologic therapy (Marouf et al., 2018). Nevertheless, more recent larger placebo-

controlled trials report inconsistent findings, including the absence of clinically
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significant analgesic effects, underscoring the challenges posed by resveratrol’s poor
oral bioavailability and the need for optimized formulations before definitive

conclusions can be drawn (Nguyen et al., 2024).
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Figure 6 Structure of resveratrol (Deligiannidou et al., 2020)

2.5 Dextrose prolotherapy

Beyond phytochemicals, several biologically based interventions have been explored
for symptomatic relief or tissue-modifying potential in OA. Dextrose prolotherapy aims
to induce local proliferative and regenerative responses, a randomized controlled trial
demonstrated sustained improvements in pain, stiffness, and functional outcomes
compared with saline injection and exercise controls (Rabago et al., 2013). Meta-
analytic evidence supports a beneficial effect on pain and function, though with
considerable heterogeneity across dosing protocols, injection sites, and study quality,
indicating that further standardization and rigorously designed trials are needed (Hauser

etal., 2016; Wee et al., 2021).

2.6 Botulinum Toxin type A

Intra-articular botulinum toxin type A (BoNT-A) represents another innovative
modality targeting OA-related pain by inhibiting the release of nociceptive
neuropeptides such as substance P and CGRP. Systematic reviews and recent meta-
analyses indicate that BONT-A can provide short-term reductions in pain and, in some
cases, improvements in joint function, particularly in refractory OA (Courseau et al.,
2018; Ismiarto and Prasetiyo, 2023). However, variation in dosing, study

methodologies, and follow-up durations, along with limited evidence on long-term
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efficacy or structural modification, necessitate further high-quality trials to establish
clinical utility (Sconza et al., 2023).

Collectively, these interventions highlight the broadening landscape of OA
management, where anti-inflammatory phytochemicals, natural antioxidants, and
biological injectables are increasingly viewed as complementary or alternative
strategies to conventional pharmacotherapy. Their diverse mechanisms (ranging from
cytokine suppression to oxidative stress reduction and chondrocyte protection)
underscore the multifactorial nature of OA and the potential value of multi-target
approaches. However, issues regarding bioavailability, optimal dosing, long-term
safety, and the need for large, well-designed randomized trials remain central
challenges. The following sections examine each of these interventions in detail,
emphasizing their mechanistic foundations, clinical evidence, and translational

implications.

Light chain

6D

Heavy chain

Botulinum toxin

HA: haemaglutinin protein
NTNH: non-toxic, non-haemaglutinin protein

Botulinum toxin type A complex

Figure 7 Schematic illustration demonstrating the structure of botulinum toxin type A complex (Nark-Kyoung Rho
etal., 2010).

2.7 Combination formulations / multi-ingredient mixtures

Combination formulations and multi-ingredient nutraceutical mixtures represent an
increasingly investigated approach in osteoarthritis management, based on the rationale
that OA is a multifactorial disease involving inflammatory, oxidative, mechanical,

metabolic, and nociceptive pathways (Henrotin et al., 2013; Hunter and Bierma-
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Zeinstra, 2019). Instead of targeting a single biological mechanism, combined
preparations may theoretically provide broader symptom relief through complementary
or synergistic actions among bioactive compounds. Examples include formulations
combining curcuminoids with boswellic acids (Haroyan et al.,, 2018),
methylsulfonylmethane with boswellic acids (Notarnicola et al., 2016), turmeric with
ginger and black pepper (Heidari-Beni et al., 2020), curcumin with glucosamine or
chondroitin (Khanna et al., 2020; Thomas et al., 2021), and more complex preparations
containing hemp seed oil, terpenes and ginger extract (Fari et al., 2023), or krill oil,
astaxanthin and hyaluronic acid (Hill et al., 2023). Such combinations are clinically
relevant because they reflect real-world nutraceutical use, where patients often
consume blended supplements rather than isolated compounds. However, their
interpretation remains challenging, as the contribution of each individual component
cannot always be clearly distinguished, as also illustrated by negative or inconclusive
multi-ingredient evidence in hand OA (Liu et al., 2021). Differences in formulation,
dose, bioavailability, standardization of active constituents, and comparator selection
further limit direct comparison between studies. Therefore, although multi-ingredient
formulations may offer a promising complementary strategy for symptom-oriented OA
management, their clinical value should be interpreted cautiously until larger
randomized controlled trials clarify whether their effects exceed those of their

individual components.
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3 Scope and Methodology

3.1 Study Design

Given the increasing interest in the pharmacological and therapeutic potential of natural
compounds for osteoarthritis management, this dissertation aimed to provide a review
of the current clinical evidence on plant-derived and selected adjunctive biological
interventions for osteoarthritis. The work was conducted as a structured evidence
synthesis rather than as a strict systematic review or meta-analysis, because a fully
reproducible PRISMA-style selection pathway, complete screening counts, formal risk-
of-bias assessment and certainty-of-evidence grading were not available. Therefore, the
evidence was synthesized narratively and tabulated in a structured format, with

emphasis on clinical relevance, consistency of findings and safety.

3.2 Search Strategy and Inclusion Criteria

The literature search was based on PubMed, Scopus and Google Scholar and focused
on English-language human studies, primarily from 2015 to 2025, although this
timeframe was treated as an approximate contemporary window rather than a strict
eligibility cut-off. Search terms combined osteoarthritis-related keywords with natural-
product and compound-specific terms, using Boolean combinations to identify relevant
clinical evidence. The synthesis included adult osteoarthritis populations across joint
sites, with knee osteoarthritis representing the dominant evidence base. Eligible
interventions included plant-derived compounds, nutraceuticals, food-derived
bioactives and selected adjunctive biological interventions included in the final set of
studies synthesized in this dissertation. The screening process involved title/abstract
screening and full-text eligibility assessment by two reviewers, with disagreements
resolved through discussion or third-reviewer input where needed. Because complete
screening logs, exclusion counts and a PRISMA-style flow diagram were not available,
the process was reported descriptively and the work was presented as a structured
evidence synthesis rather than a strict systematic review. The detailed strategy and

criteria are presented in Table 2.
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Table 2 Review methodology and criteria

Criterion Description — Included items

Search Terms / <+ OA terms: “osteoarthritis”, “degenerative joint disease”, “knee OA”,
Keywords “hip OA”.
* Natural product terms: “herbal”, “botanical”, “phytochemical”,
“nutraceutical” *, “dietary supplement”, specific compounds (e.g.,
curcumin, boswellia).
* Boolean structure (e.g., osteoarthritis AND natural products).
Search » Databases: Literature search was limited to 3 databases (PubMed,
Limitations Scopus, and Google Scholar).
* Language restrictions: English only (abstract and full text).
* Publication years: 2015-2025
* Study type filters: humans only.
Inclusion * Population: Adults diagnosed with OA (all joint sites).
Criteria * Intervention: Any natural product (herbal extract, plant compound,
nutraceutical, food-derived bioactive).
» Comparator: Placebo, standard care, other natural products, or
different doses of the same natural product.
* Outcomes: Pain, function, stiffness, biomarkers, safety.
* Study Designs: RCTs, cohort studies, case-control.
Exclusion * Population: Non-OA populations (e.g., theumatoid arthritis).
Criteria * Intervention: Non-natural interventions (pharmaceuticals, surgery).
* Study type: Animal or in vitro studies.
* Article type: Reviews, editorials, conference abstracts (reviews were
included as secondary literature for the introduction and discussion).
Screening * 2 reviewers were included in the initial and secondary screening.
Process * Initial screening included Title/abstract screening.
* Secondary screening included Full-text eligibility assessment by the
first reviewer and was verified by the second.
* In case of conflict in either the initial or secondary screening was
resolved by a third reviewer invited only for this purpose.

Data * Study design, sample size, population characteristics.
Extraction * Intervention details (type, dose, duration).
Fields * Outcomes measured and tools used (e.g., WOMAC).

 Adverse events.
*Nutraceutical: This term is used broadly to describe supplements and complementary
interventions within the wider natural-product-related field, although not all are strictly natural
products. It includes plant- or food-derived bioactive compounds, formulated nutraceuticals,
and selected non-plant adjunctive approaches evaluated for osteoarthritis symptom
management, such as, dextrose prolotherapy, and botulinum toxin type A.(Puri et al., 2022)

3.3 Data Extraction and Analysis
Data were extracted and organized in tabular form by study design, sample size,
population characteristics, intervention type, dose, duration, comparator, outcomes,
measurement tools and adverse events. Where available, anatomical site, route of
administration, follow-up duration, biomarker outcomes and imaging or structural

endpoints were also retained.
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The synthesis prioritized between-group comparisons where available, while within-
group improvements were interpreted cautiously and were not treated as evidence of
efficacy unless supported by comparator findings and reported statistical analyses. Due
to substantial heterogeneity in intervention type, formulation, dose, route of
administration, comparator, follow-up duration and outcome measurement, quantitative
pooling was not attempted. Findings were therefore synthesized narratively by
intervention category, with attention to consistency of results, comparator dependence,

clinical relevance and safety.
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