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ABSTRACT 

Approximately 58 million persons worldwide suffer from osteoarthritis (OA), a degenerative inflammatory disease of the joint 

cartilage. Pain, stiffness, and a decreased range of motion in relation to the arthritic joints are its defining characteristics. Over time, 

these symptoms may increase the risk of diabetes mellitus, falls, fractures, and overweight/obesity. Despite the fact that the current 

guidelines for treating osteoarthritis (OA) recommend pharmacological treatment, which includes cyclooxygenase (COX)-2-specific 

drugs, opioids, and non-steroidal anti-inflammatory drugs (NSAIDs), as the gold standard for this condition, there has been a lot of 

interest in nutraceutical supplements because they contain a diverse class of molecules that have the potential to improve cartilage 

formation and reduce inflammation, oxidative stress, pain, and joint stiffness. This review's objective is to outline the possible use of 

nutraceuticals in OA, emphasizing the molecular mechanisms of action as well as any available efficacy and safety evidence. 
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INTRODUCTION 
Early symptoms of osteoarthritis (OA), a widespread and chronic degenerative joint disease, usually include pain and stiffness in 

the hands, knees, hips, and other joints (1). Pathological alterations such meniscal degeneration, bone spur formation, cartilage 

degradation, and moderate synovitis progressively deteriorate as the disease advances, perhaps resulting in joint deformities and 

limited mobility in later stages (2,3). This significantly impairs functioning and day-to-day living, and many patients eventually 

need joint replacement surgery. Independent of other determinants, cohort studies have shown that osteoarthritis in the knee 

considerably relates to disability and loss of job (4). In addition to being one of the most common chronic illnesses, OA contributes 

significantly to disability and high morbidity rates worldwide (5). OA currently affects more than 500 million people globally, 

posing a significant socioeconomic burden (6,7). Thus, immediate action is needed to lessen the burden of OA worldwide. Our 

thorough examination of the GBD 2021 database will improve knowledge of the worldwide burden of OA, evaluate existing 

preventative measures, and provide policymakers with important information about OA treatment and prevention. This will facilitate 

the effective use of scarce healthcare resources and the creation of creative OA management techniques. Prior research has used 

data from GBD 2019 or 2020 to investigate the burden of OA and its risk variables at different levels (8,9).These studies, however, 

mostly concentrate on evaluating OA in certain nations, anatomical locations, or risk factors.  

 

Our work examines the prevalence, incidence, and DALYs of OA at the national, regional, and worldwide levels during the last 30 

years using the GBD 2021 database in order to provide a comprehensive understanding of the current global burden of OA. In order 

to evaluate the distribution and shifts in the worldwide burden of OA, it also looks at trends by classifying nations and areas 

according to the SDI. 

 

Risk Factors for Knee OA 

The pathogenesis of knee OA is complex. It could be viewed as the final result of a cross-talk between systemic and local forces.  

Growing Older 

 Growing older is identified as the primary risk factor for the development of OA because it is most prevalent among the elderly 

[15]. Changes in the tissues of the joints brought on by aging make the joint more vulnerable to the onset and advancement of OA 

throughout time. Increased susceptibility to degeneration results from changes in the mechanical properties of cartilage caused by 

extracellular matrix (ECM) rearrangement, AGE accumulation, decreased aggrecan size, decreased hydration, and increased 

collagen cleavage [16].Meanwhile, in chondrocytes, mitochondrial abnormalities, oxidative stress, and diminished autophagy alter 

their capacity, stimulating the catabolic pathway and cell death [17]. 

 

Joint Injury and Trauma 

Articular cartilage is a durable tissue, capable of enduring the repetitive stress produced from the daily physical activities. However, 

it remains susceptible to trauma that can damage the cartilage and subchondral bone. Such damage, along with intra-articular 

fracture, can increase the risk of OA progression [18]. The pathologic changes are frequently evident within 10 years after injury, 

https://www.mdpi.com/1648-9144/56/11/614?utm_source=chatgpt.com#B17-medicina-56-00614
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with the time of beginning affected to some extent by the patient’s age at the time of injury [19].The OA process is triggered by the 

breakdown of collagen and proteoglycan following joint traumas, as well as the presence of increased host inflammatory mediators, 

such as interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α) [20]. 

  

Being Overweight  

OA is impacted by obesity both directly and indirectly. Obese patients' elevated body mass index (BMI) indicates increased body 

weight, which causes severe overloading and damage to the weight-bearing joint [21].Furthermore, adipocytes in adipose tissue 

produce leptin and adiponectin, which are metabolic abnormalities linked to elevated BMI. These abnormalities have been linked 

to direct effects on joint tissues that facilitate the development of osteoarthritis. The proinflammatory state during OA has been 

linked to the production of proinflammatory cytokines by macrophages, specifically TNF-α and IL-6 [22].  

 

The Netherlands Epidemiology of Obesity study demonstrated the two paradigms of the association between elevated BMI and OA: 

knee OA was linked to weight and fat-free mass after controlling for metabolic factors, while hand OA was linked to the metabolic 

syndrome after controlling for weight [23]. 

 

Genetics  

According to twin epidemiological research, hereditary variables account for 39–65% of OA cases in the general population [24]. 

Certain rare mutations in type II, IX, or XI collagen—common collagens present in articular cartilage—create hereditary forms of 

OA, which can start as early as puberty and induce a severe, debilitating form of arthritis that affects several joints [25]. However, 

compared to OA of the hands, the data linking hereditary variables to OA of the lower extremity joints, including the knee or hip, 

is less clear [26]. 

 

Anatomical Elements  

The development of OA may be influenced by the joint's form. Lower extremity alignment has been found to be a key anatomic 

feature associated with knee OA. Furthermore, a leg length difference of ≥1 cm, varus and valgus deformities, and cruciate ligament 

tearing are additional factors that can raise the risk for the development and progression of OA in the knee [10]. Tibiofemoral OA 

is more likely to occur in people who have either valgus alignment or varus alignment (bow-legged) [27].  

Changes in joint mechanics as the initial etiology of OA provide the best explanation of the link between anatomic variables and 

OA. The mechanotransduction pathways that lead to increased production of inflammatory mediators and proteolytic enzymes are 

initiated by altered mechanics that exert excessive and abnormal demands on joint tissue cells [28]. The occurrence of ankle OA 

caused by anatomic causes is rare, as evidenced by the recent rise in ankle OA diagnoses. Almost always, a previous fracture is the 

cause of ankle OA [29]. The lack of reporting on ankle OA may be the cause of this observation. 

 

The Demographics 

OA is more likely to develop in women. Women over 65 have a 68% incidence rate of OA, but males over 65 have a 58% incidence 

rate. The high prevalence of OA in the postmenopausal years may be explained by the disease's significant age correlation. Because 

postmenopausal women have higher levels of calcitonin and bone resorption, they are more prone to knee arthritis. Nonetheless, 

there is some data that suggests estrogen depletion may have a role [30] 

 

Ethnicity and OA are known to be associated. Compared to other ethnic groups like African Americans, Chinese, and Hispanics, 

Caucasians in the US showed a lower frequency of OA [31]. The variations in bone resorption among ethnic groups, which are 

regularly documented in epidemiological investigations of bone health, could be a contributing factor in these discrepancies [32]. 

The discovery of certain radiographic variations in certain osteoarthritis characteristics based on ethnicity [33] lends credence to 

this. On the other hand, it has also been hypothesized that the socioeconomic and cultural practices of a particular ethnic group 

influence the variation in OA prevalence [34]. 

 

Axis of the Gut-Joint  

When quantitative and qualitative changes to the gut microbiota (GM) revealed a persistent, low-grade, and chronic systemic 

inflammation that later appeared in OA, the link between gut dysbiosis and OA was established [35]. When left undisturbed, the 

GM carries out a number of tasks, including absorbing nutrients, preserving metabolic homeostasis, warding off infections, and 

building mucosal and systemic immunity. When the GM was disturbed in gut dysbiosis, the host's metabolism and immunological 

response were also affected. The pathophysiology of OA was made worse by these disturbances taken together. 

 

Adverse Alterations in OA 

Given its complexity, a wide range of factors influence the onset, course, and severity of OA. Moreover, the rate at which OA 

advances varies from person to person. There has been evidence of a negative correlation between articular cartilage deterioration 

and subchondral bone alterations at the cartilage–bone junction. A higher grade of cartilage degradation is seen as the subchondral 

bone thickens [36]. The articular cartilage surface frequently exhibits the earliest pathological alterations in OA, with fibrillation 

developing in focused areas that are under the most strain. The loss of matrix causes a sharp increase in the proliferation of 

chondrocytes, the sole cell type found in cartilage. Certain chondrocytes shift phenotypically to become hypertrophic chondrocytes, 

https://www.mdpi.com/1648-9144/56/11/614?utm_source=chatgpt.com#B19-medicina-56-00614
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which resemble the cells in the hypertrophic zones of the growth plate. Due to the ongoing synthesis of proteases triggered by 

proinflammatory cytokines, which in turn cause chondrocytes to create more cytokines and proteases in an autocrine and paracrine 

way, significant matrix breakdown and loss occur as OA worsens. Areas of the matrix devoid of cells due to chondrocyte apoptosis 

can be observed as substantial matrix damage occurs.Subchondral sclerosis, which is brought on by an increase in collagen 

production, osteophyte formation, and bone cysts at more advanced stages are among the bone abnormalities associated with OA. 

Osteophytes have been defined as cartilage and bone growths that form at the joint site. With the exception of the lateral tibia and 

medial patella, the size and local cartilage constriction affect the direction of osteophyte formation [37]. Osteophyte development 

is supported by biomechanical variables. The majority of OA patients have hypertrophy and inflammation of the synovium [38]. 

Although it does not cause primary OA, synovitis inflammation does contribute to the development of pain and illness [39].Since 

plain radiographs only show a portion of OA, such as bone alterations that lead to subchondral sclerosis, cysts, and osteophyte 

formation, and cartilage loss that narrows joint spaces, they understate the involvement of joint tissue in the disease. By the time 

radiographs show these alterations, the disease has progressed considerably [40].  

 

In addition to detecting early disease, magnetic resonance imaging (MRI) investigations have demonstrated degenerative changes 

in soft-tissue structures outside of cartilage, such as ligaments and the menisci of the knee, as well as matrix alterations in cartilage, 

synovitis, and bone marrow lesions [41].When a patient has established knee arthritis and their symptoms are out of proportion to 

radiographic results, or when they have unexplained knee pain and swelling, the arthroscope can be a valuable diagnostic tool 

[42].Furthermore, the paradigm has changed to emphasize the role of different inflammatory mediators, proteinases, cell 

proliferation, and biochemical markers in the development of the disease, in addition to the pathological alterations already 

described. 

 

Mediators of Inflammation  

The Chemokines and Cytokines 

 The main ingredient in the majority of inflammatory processes are inflammatory mediators like cytokines. As a result, the 

pathophysiology of OA has been linked to several cytokines. Proinflammatory cytokines and chemokines disturb cartilage matrix 

homeostasis in OA patients [43,44]. IL-1, IL-6, and IL-8 were found to be upregulated when the cytokines and chemokines 

implicated in the pathogenesis of OA were investigated [45,46,47].  

 

In order to promote the joint synthesis of proteases, nitric oxide (NO), and eicosanoids such prostaglandins and leukotrienes by 

macrophages and chondrocytes, these cytokines function as both autocrine and paracrine agents. The activity of these inflammatory 

mediators in the cartilage then causes matrix production to be inhibited, cellular death to be promoted, and catabolic pathways to be 

triggered [47].The proinflammatory cytokines' suppression of autophagy is what triggers cellular death, especially in chondrocytes 

[48,49].  

The activated chondrocytes' generation of IL-1 then triggers the synthesis of MMPs, specifically MMP-1, MMP-3, and MMP-13. 

Proinflammatory cytokines including TNF-α, IL-6, and the chemokine IL-8 are also amplified in conjunction with this, amplifying 

the effects of cartilage matrix breakdown in the catabolic cascade and accelerating the demise of articular chondrocytes [45,50]. By 

preventing the synthesis of important ECM constituents such proteoglycans, aggrecan, and type II collagen, IL-1 has also been 

shown to have a role in the deterioration of cartilage matrix [51,52,53]. Furthermore, when fibronectin fragments cause chondrocytes 

to release inflammatory cytokines, chemokines, and MMPs, it is evident that the protein is involved in the breakdown of cartilage 

[54,55]. Chondrocytes in healthy adult cartilage produce matrix constituents at a relatively sluggish rate. Lastly, the other main 

factor influencing the onset and advancement of OA is chondrocyte senescence. This results from the senescent cells' diminished 

ability to preserve and repair the extracellular matrix of cartilage [56]. The senescence-associated secretory phenotype, which is 

also known to be released by senescent cells, includes the important cytokines IL-6 and IL-8, respectively [57]. 

The proteases 

The homeostasis of articular cartilage is significantly influenced by the MMP family. The collagenous framework is broken down 

by collagenases (MMP-1, MMP-13), whereas stromelysin (MMP-3) and aggrecanase (ADAMT-4), which break down 

proteoglycan, are key players in the breakdown of extracellular matrix (ECM) [44,58]. OA chondrocytes produce inflammatory 

cytokines, such as TNF-α and IL-1, which can block MMP enzyme inhibitors, boost MMP expression, and reduce the formation of 

extracellular matrix. Collagenases 1, 2, and 3 (MMP-1, MMP-8, and MMP-13, respectively) involved in type II collagen degradation 

are activated by active stromelysin [51,52,53].Given that type II collagen is the predominant collagen type in extracellular matrix, 

MMP-13, the protease that preferentially breaks down type II collagen, may be the most significant factor in the development of 

OA. MMP-13 expression is, in fact, significantly elevated in OA [47,59]. MMP-13 plays a significant role in the deterioration of 

human articular cartilage throughout OA, as evidenced by its high expression in OA cartilage as opposed to MMP-1 and MMP-3, 

which are seen in high concentrations in OA synovial fluid [58,59,60]. Furthermore, the genes that encode MMP-13 are only 

expressed by hypertrophic chondrocytes, and they are all found in OA cartilage [55]. The integrity of articular joint tissue is 

determined by the balance between the anabolic and catabolic processes, which is regulated by cytokines. Anabolic activity 

predominates over catabolic activity throughout pathogenesis, leading to tissue deterioration [61]. 
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Nutraceuticals for OA Management and Prevention of Worsening 

Acid Hyaluronic 

Repeated monomers of β-1,4-D-glucuronic acid and β-1,3-N-acetylglucosamine combine to form hyaluronic acid (HA), a 

mucopolysaccharide. With its exceptional viscoelasticity, high moisture retention capacity, high biocompatibility, and hygroscopic 

qualities, this molecule is especially prevalent in synovial fluid and serves as a lubricant, shock absorber, joint structure stabilizer, 

and regulator of water balance and flow resistance [94]. For patients with knee or  

 

hip OA, HA is the recommended course of treatment. It acts more slowly than steroid therapies, but its effects can continue for a lot 

longer [95]. HA injections must be given frequently into the joint cavity, despite the fact that they have demonstrated significant 

benefits in reducing the clinical symptoms of OA patients [96]. The requirement for several HA injections is a significant 

disadvantage of the treatment due to the inconvenience of frequent clinic visits and the proportionate rise in side effects with the 

number of injections. For these reasons, oral administration is a better option for relieving OA symptoms when taking into account 

the drawbacks of HA injection [97]. 

 

Action Mechanism 

The first HA mechanism of action that has been suggested relates to chondroprotection. It has been demonstrated that HA increases 

chondrocyte proliferation while decreasing apoptosis [98]. By binding to cluster of differentiation 44 (CD44) receptors, HA inhibits 

the expression of interleukin (IL)-1β and reduces the production of matrix metalloproteinase (MMP)−1, 2, 3, 9, and 13 [99]. In 

addition to binding to CD44, HA also binds to the receptor for hyaluronan-mediated motility (RHAMM), which is believed to help 

in chondroprotection [92]. Furthermore, by CD44 binding, it may decrease MMP-13 and IL-6, which could impact the subchondral 

bone [100]. One important aspect in the impact on OA subchondral bone has been proposed to be the reduction of MMP-13 

expression [93].The therapeutic effects of HA on OA may not necessarily necessitate its absorption, despite human studies showing 

that oral supplementation with this molecule can reach the blood and be transported to the skin and joints [101]. In fact, HA may 

bind to the intestinal toll-like receptor 4 (TLR4) and carry out its biological actions by secreting more suppressor of cytokine 

signaling 3 (SOCS3), which in turn suppresses the release of pro-inflammatory cytokines [102]. In this context, it has been noted 

that HA suppresses the pro-inflammatory mediators TNFα, PGE2, IL-8, and IL-6 [103]. Furthermore, the pro-inflammatory protein 

pleiotrophin is suppressed when HA binds to TLR4 [102]. In this context, it has been noted that HA suppresses the pro-inflammatory 

mediators TNFα, PGE2, IL-8, and IL-6 [103]. Furthermore, the pro-inflammatory protein pleiotrophin is suppressed when HA binds 

to TLR4 [102]. Additionally, HA inhibits NF-kB by binding to the intercellular adhesion molecule (ICAM-1), which lowers IL-6 

production [104]. N-acetyl glucosamine, the monosaccharide that makes up HA together with D-glucuronic acid, is another potential 

method of action. Lysosomal enzymes in cells transform N-acetyl glucosamine into glucosamine, enabling the chondroprotective 

and anti-inflammatory properties of glucosamine as detailed in the corresponding paragraph [105]. Proteoglycan production, 

including aggrecan, was promoted by HA therapy, slowing the course of OA [106].Because of its mechanical function, HA helps 

lubricate the joint capsule and reduce friction, hence preventing degeneration. In order to prevent chondrocyte tissue from degrading, 

HA acts as a cushion to absorb pressure and vibration [107].  

 

By reducing the mechanical sensitivity of stretch-activated ion channels, HA effectively inhibits the pain response and has analgesic 

benefits. Additionally, HA lessens the pain response seen by joint-sensitized nociceptors, whose activity is influenced by the HA 

concentration [108]. 

 

Safety and Effectiveness  

The outcomes of animal studies employing radiolabeled HA unequivocally showed that oral HA would, in fact, be absorbed, 

distributed, and stored for extended periods of time in the  

 

skin, bone, and synovial joints [109]. Human RCTs supported these conclusions by demonstrating that oral supplementation with 

this molecule can preserve its biological activity by reaching the circulation and distributing it to the skin and joints [101].The 

symptoms of knee OA may be lessened by taking HA orally, according to several studies [110,111]. Sato et al. showed that a 12-

week course of 240 mg/day of HA was linked to a significant improvement in the Japan Orthopaedic Association (JOA) score and 

the Japanese Knee Osteoarthritis Measure (JKOM) score when compared to baseline values [112]. When OA patients were given 

200 mg of HA daily for eight weeks, their WOMAC ratings improved in comparison to the placebo group [108]. Following an 8-

week course of 200 mg of HA supplementation, Iwaso et al. reported similar outcomes, highlighting improvements in both WOMAC 

and JKOM scores [113].60 osteoarthritic participants (Kellgren-Lawrence grade 2 or 3) were randomized to receive either HA (200 

mg/day) or a placebo in a one-year RCT. The subscale for "pain and stiffness" showed the greatest improvement at the conclusion 

of treatment, and patients who combined therapeutic activities with HA therapy showed the greatest recovery [114].Before drawing 

any conclusions, it is important to discuss a number of limitations, even if various research indicate that oral HA supplementation 

has good effects on OA. In actuality, the results may be impacted by the various types of supplemented hyaluronic acid (which were 

frequently not mentioned in the studies), the short study periods, the small sample size, and the absence of suitable controls. New 

long-term RCTs with standardized HA are desperately needed to shed light on these problems, and it would be ideal to suggest such 

a nutraceutical in clinical practice.  
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Humans can safely take oral supplements of HA at up to 200 mg per day for up to 12 months, according to validated research [109]. 

Medium-term (3–6 months) supplementation periods were used in a number of safety investigations, and safety was verified [115]. 

 

Vitamin C 

Szent-Gyorgyi isolated vitamin C, also known as ascorbic acid, for the first time in 1923, and Howarth and Hirst synthesized it. 

Citrus fruits, red and green peppers, tomatoes, strawberries, broccoli, Brussels sprouts, turnips, and other leafy vegetables are 

particularly high in it. Because of its reactivity with a variety of aqueous free radicals and ROS, it is a water-soluble molecule with 

potent antioxidant qualities [116].Scurvy, anemia, capillary hemorrhage, muscular degeneration, infections, bleeding gums, poor 

wound healing, atherosclerotic plaques, and neurotic disorders are among the ailments that can be linked to a lack of this molecule. 

Furthermore, several studies have shown that vitamin C intake appears to be linked to a lower incidence of OA and cartilage loss in 

people, most likely due to a decrease in oxidative stress [117,118]. Although the European Food Safety Authority (EFSA) has 

accepted a claim for vitamin C's function in normal collagen synthesis, it is still unclear if this supplement has any further impact 

on preventing the advancement of osteoarthritis. 

 

Action Mechanism 

A common antioxidant and antiradical supplement is vitamin C. Since it is readily interconvertible and physiologically active in 

both its reduced (ascorbate) and oxidized forms as dehydroascorbic acid, it serves as a significant antioxidant. The ascorbyl radical, 

a rather poor reactive intermediate that disproportionately produces ascorbate and dehydroascorbate, is the result of ascorbic acid's 

direct reaction with free radicals going through single-electron oxidation. In this regard, ascorbic acid can decrease organic (RO2) 

and nitrogen (NO2•) oxy  

 

radicals, as well as the harmful ROS superoxide anion (O2•) and hydroxyl radical (OH•). Furthermore, by preventing the oxidation 

of other vitamins, like A and E, this molecule may potentially have an indirect effect.Given this, ROS-induced damage has long 

been regarded as harmful and plays a significant part in the development of OA by inducing cytotoxicity and cellular damage [8]. 

Pro-inflammatory mediators have a crucial part in the pathophysiology of OA, despite the fact that it is categorized as a "non-

inflammatory arthropathy" [119]. Additionally, vitamin C is a sulphate carrier in the synthesis of glycosaminoglycan [121] and an 

electron donor in the synthesis of type II collagen [120]. Additionally, ascorbic acid keeps the active center of metal ions in a reduced 

state for the best activity of the enzymes hydroxylase and oxygenase, and it is a co-factor for the hydroxylation and activity of mono-

oxygenase enzymes in the manufacture of collagen, carnitine, and neurotransmitters [109]. One of the most significant 

manifestations of OA, frequently linked to cartilage degeneration, is the reduction of the articular cartilage's extracellular matrix of 

sulphated proteoglycans [117]. Hence, vitamin C insufficiency may be regarded as a risk factor for the development of OA, and its 

supplementation in primary prevention may offer a potential remedy for OA, particularly when combined with traditional or non-

traditional therapy. 

 

Safety and Effectiveness 

In addition to its well-known antioxidative properties, vitamin C has several other properties that can help prevent the progression 

of OA, such as regulating apoptotic processes (via the development of procaspase-3, procaspase-9, and Bax) and pro-inflammatory 

cytokines and MMPs. It was demonstrated that administering 100 µM vitamin C to an in vitro chondrosarcoma cell line (SW1353) 

prevented the oxidative stress, apoptosis, and loss of proteoglycans that were brought on by administering 5 µM monosodium 

iodoacetate (MIA). Additionally, the pro-inflammatory cytokines MMP-1, MMP-3, and MMP-13 as well as IL-6, IL-17A, and TNF-

α were not expressed [122]. In vivo monosodium iodoacetate (MIA)-induced OA animals (supplemented with 100 mg/kg of vitamin 

C) showed comparable outcomes [118]. Numerous in vivo studies have shown that vitamin C's ability to fend off oxidative stress 

may reduce the risk of osteoarthritis development and cartilage degradation in humans [113,117]. Nevertheless, some research 

suggested that there was no connection between incidence radiographic knee OA and circulating vitamin C levels [123].Those 

without baseline knee OA who self-reported taking vitamin C supplements had an 11% lower chance of developing knee OA than 

those who self-reported not taking any vitamin C supplements (risk ratio (RR)=0.89, 95% CI 0.85, 0.93), according to a prospective 

cohort study of 1023 participants. Furthermore, it was shown that vitamin C supplementation may be helpful in reducing incident 

knee OA in patients having radiographic knee OA at baseline, if confounding variables were taken into account [124]. Radiographic 

knee OA was found to be significantly correlated with vitamin C intake but not with dietary carotenoids, vitamin E, or selenium in 

a cross-sectional analysis of 4685 participants that examined the relationships between these antioxidants and radiographic knee 

OA [117]. Additionally, the lipoperoxides associated with hip bone loss were considerably reduced by vitamin C use (p < 0.05 when 

compared to the placebo group) [125]. By likely serving as a cofactor for the enzyme peptidyl glycine α-amidating mono-oxygenase 

(PAM), which is involved in the synthesis of endomorphin-1, vitamin C may help improve quality of life and decrease the need for 

painkillers [30,126].The use of a straightforward, affordable, and widely accessible  

 

supplement to potentially lessen the impact of OA is worth further research given the disease's enormous economic cost. However, 

before making any final decisions, long-term RCTs are desperately needed. 
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In certain patient populations, vitamin C seems to be a safe and useful supplementary treatment for both acute and chronic pain 

alleviation [125]. Further research is necessary to ascertain the best route of administration, the ideal dose and frequency of 

administration, the possible mechanisms of action of this molecule in OA disease, and the baseline and post-intervention vitamin C 

concentrations to see if particular patient groups respond.  

 

Vitamin D  

The Institute of Medicine (IOM) recommended vitamin D in 2011 for bone health since it is a well-known lipophilic molecule that 

improves calcium absorption, bone mineral density, and vitamin D deficient rickets/osteomalacia [127]. Vitamin D deficiency 

affects 20% of people in northern Europe, 30% to 60% of people in western, southern, and eastern Europe, and up to 80% of people 

in Middle Eastern countries, despite the fact that it can be acquired through foods like mushrooms, fatty fish, and vitamin D-fortified 

products as well as through the cutaneous synthesis in response to UV-B exposure. More than 10% of Europeans have a severe 

deficiency (serum 25(OH)D< 30 nmol/L or 12 ng/mL) [128].The potential impact of vitamin D on the development and course of 

OA has been the subject of numerous investigations. Accordingly, the fact that vitamin D receptors (VDRs) are expressed in the 

articular cartilage of OA patients but not in that of healthy volunteers may suggest that this hormone directly affects the possibility 

of articular cartilage degradation [129,130]. Furthermore, vitamin D may indirectly affect OA by way of the endocrine system. 

 

Action Mechanism 

A key immunoregulator of inflammation, vitamin D affects how white blood cells (macrophages, dendritic cells, T and B 

lymphocytes) react [131]. Activation of VDR localized on white cell membranes, in particular, also encourages the blocking of 

transcription of cytokine genes, including NF-AT (nuclear factor of activated T cells) and NF-κB, which lowers the production of 

TNF-α and IL-1, which are thought to be inflammatory pathways for cartilage degradation [129]. Furthermore, a number of 

investigations have demonstrated that injured cartilage exhibits an upregulation of VDRs. VDR is overexpressed in regions where 

late-stage rheumatoid arthritis cells are eroding, according to an in vitro research [129]. Both Orfanidou et al. [132] and the same 

research team [131] verified this outcome in people.VDR overexpression appears to trigger a signaling cascade that increases 

chondrocyte synthesis of MMPs 1, 3, and 9, which leads to the deterioration of bone and cartilage [133]. Additionally, vitamin D 

interacts with osteoblast-expressed VDRs. In comparison to healthy and osteoporotic cells, OA osteoblasts expressed a considerably 

decreased receptor activator of NF-κ B ligand (RANKL)/osteoprotegerin (OPG) ratio, according to a research by Corrado et al. 

[134]. Osteoclastogenesis and consequently bone resorption are regulated by RANKL and its decoy receptor OPG. Furthermore, 

OA osteoblasts expressed OPG at a much higher level than both controls and osteoporosis patients. These findings, however, were 

in contrast to those of Giner et al., who discovered that osteoporotic osteoblasts secreted more OPG than OA [135]. An significant 

mechanism in the pathophysiology of OA is the angiogenesis process, which may be regulated by vitamin D. Indeed, investigations 

in vitro have shown that 1α,25(OH)2D3 regulates the expression of vascular endothelial growth factor (VEGF), including 

osteoarthritic osteoblasts [136]. This bolsters the hypothesis that osteoblasts may control angiogenesis in subchondral bone and may 

associate vitamin D with the onset and course of osteoarthritis.  

 

A small body of research indicates that vitamin D increases bone resorption via indirectly influencing osteoclasts by activating the 

RANKL signaling described above [137]. Finally, the transforming growth factor-beta (TGF-β)/SMAD pathway implicated in OA 

may also be regulated by vitamin D [133]. TGF-β protects healthy joints by suppressing the production of MMP13 [138]. 

Accordingly, the healing responses in the joint and cartilage injury are altered when TGF-β is blocked, since its expression declines 

with age [139]. In contrast to these findings, TGF-β appears to exacerbate OA in OA joints. It has been demonstrated that OA in the 

mesenchymal stem cells of subchondral bone is attenuated by TGF-β signaling suppression [140].These findings suggest that TGF-

β may prevent OA in healthy joints, even though it may make pre-existing OA joints worse. However, vitamin D should be advised, 

particularly for older adults with OA who have low plasmatic levels of this hormone (<30 ng/mL) linked to comorbidities like heart 

disease and bone health issues. Indeed, it has been shown to improve quality of life, decrease discomfort (VAS), lessen oxidative 

protein damage, and enhance physical performance and grip strength in these patients [141]. 

 

Safety and Effectiveness 

There is conflicting evidence about whether vitamin D insufficiency raises the risk of developing OA. Relatively high (≥50 nmol/L) 

vitamin D status has not been linked to the onset of OA as manifested by pain, radiologic OA, or cartilage volume loss, according 

to a number of observational studies [142,143,144,145]. In an Irish study of outpatients with rheumatology, 26% had severe vitamin 

D deficiency (<12 ng/mL) and 70% had vitamin D deficiency (<21 ng/mL) [146]. Accordingly, 62% of OA patients had 

hypovitaminosis D, and radiographic hip OA has also been linked to low vitamin D status [147].A systematic review by Cao and 

colleagues [151], which included 15 studies, found strong evidence for an association between 25(OH)D3 and cartilage loss in knee 

joints and moderate evidence to support a positive association between low levels of vitamin D and radiographic knee OA. Similar 

findings were reached by osteoporotic fractures in a study of men in which vitamin D insufficiency or deficiency status were 

associated with a doubled risk of hip OA [148]. The Tasmanian Older Adult Cohort Study also found an inverse correlation between 

time spent in the sun and the loss of knee cartilage [143].The research team of Konstari and associates, however, found no link 

between vitamin D levels and the likelihood of getting osteoarthritis in the knees of Scandinavians [152,153]. In two longitudinal 
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investigations (1203 persons), Felson et al. did not find a correlation between low vitamin D and the structural deterioration of 

afflicted joints (cartilage loss by magnetic resonance imaging and joint space narrowing by radiography) [145].  

 

A five-year change in knee and hip pain was predicted for those with baseline plasma vitamin D deficits (12.5–25 nmol/L) [154]. 

However, in individuals with hypovitaminosis D, increased vitamin D level may reduce joint discomfort and perhaps radiologic OA 

[155,156].There are currently insufficient or conflicting research on the possible link between vitamin D level and the development 

of radiologic OA or cartilage volume loss in individuals with "suboptimal" 25(OH)D. Cholecalciferol supplementation in individuals 

with symptomatic knee OA did not differ from the placebo group in terms of cartilage degradation or WOMAC knee pain levels in 

a 2-year RCT [156]. Although there was a strong correlation between vitamin D and knee pain, 787 participants in the cross-sectional 

Hertfordshire  

 

Cohort Study did not exhibit any association between radiographic knee OA and vitamin D status [157]. Additionally, an RCT 

involving 103 individuals with osteoarthritis in their knees who received oral vitamin D supplements (60,000 IU/day for 10 days 

and 60,000 IU/month for 12 months) revealed a slight but significant relationship between the functional scores and the level of 

pain (compared to the placebo group) [32]. 

  

Vitamin D levels have been demonstrated to predict the outcomes of osteoarthritis (OA) in patients receiving total hip replacement. 

Additionally, there appears to be a favorable link between plasma 25(OH)D3 levels and preoperative and postoperative Harris hip 

scores [158].In summary, there is inconsistent evidence regarding the impact of low vitamin D levels on the functional features of 

knee OA. According to studies conducted in vitro that examined the hormone's molecular mechanisms of action, vitamin D appears 

to have detrimental effects on the health of OA cartilage; yet, other human studies suggested that it may also play a role in preventing 

pain, radiologic OA, and cartilage volume loss. In this regard, it is imperative to conduct extensive longitudinal, multicentric 

research with people of varied skin pigmentations, nations, and ethnicities in order to completely ascertain the connection between 

vitamin D supplementation and the onset or progression of OA.Furthermore, extensive meta-analyses will assist clarify any 

connections between low vitamin D and OA and provide more compelling interpretations of the current data.  

Supplementing with vitamin D is generally safe and well-tolerated. A number of variables, including vitamin D plasmatic levels, 

administration dose and regimen, results, and potential influences from age and sex, may affect the upper limit of vitamin D dose 

safety. However, taking 1000–2000 IU of vitamin D per day is thought to be safe for preventing or treating vitamin D deficiency or 

insufficiency [159]. 

 

CONCLUSIONS  
In conclusion, when used in conjunction with traditional therapy, nutraceuticals may be a viable approach to managing OA. To 

focus attention on the molecular mechanisms of nutraceuticals in mitigating OA processes and pain, the potential combination of 

anti-OA molecules with pain relief nutraceuticals, and the long-term safety and efficacy of these treatments, larger and longer studies 

are urgently needed to definitively consider this unconventional approach in clinical practice. 

 

REFERENCE  
1. Nelson, AE. Osteoarthritis year in review 2017: clinical. OsteoarthrCartil. (2018) 26:319–25. doi: 10.1016/j.joca.2017.11.014. 
2. O’Neill, TW, and Felson, DT. Mechanisms of osteoarthritis (OA) pain. CurrOsteoporos Rep. (2018) 16:611–6. doi: 10.1007/s11914-

018-0477-1 
3. Abramoff, B, and Caldera, FE. Osteoarthritis. Med Clin North Am. (2020) 104:293–311. doi: 10.1016/j.mcna.2019.10.007 
4. Haq, SA, Davatchi, F, Dahaghin, S, Islam, N, Ghose, A, Darmawan, J, et al. Development of a questionnaire for identification of the 

risk factors for osteoarthritis of the knees in developing countries. A pilot study in Iran and Bangladesh. An ILAR-COPCORD phase 
III study. Int J Rheum Dis. (2010) 13:203–14. doi: 10.1111/j.1756-185X.2010.01529.x 

5. Jin, Z, Wang, D, Zhang, H, Liang, J, Feng, X, Zhao, J, et al. Incidence trend of five common musculoskeletal disorders from 1990 to 
2017 at the global, regional and national level: results from the global burden of disease study 2017. Ann Rheum Dis. (2020) 79:1014–
22. doi: 10.1136/annrheumdis-2020-217050 

6. Hunter, DJ, March, L, and Chew, M. Osteoarthritis in 2020 and beyond: a lancet commission. Lancet. (2020) 396:1711–2. doi: 
10.1016/S0140-6736(20)32230-3 

7. Cross, M, Smith, E, Hoy, D, Nolte, S, Ackerman, I, Fransen, M, et al. The global burden of hip and knee osteoarthritis: estimates from 
the global burden of disease 2010 study. Ann Rheum Dis. (2014) 73:1323–30. doi: 10.1136/annrheumdis-2013-204763 

8. Li, H, Kong, W, Liang, Y, and Sun, H. Burden of osteoarthritis in China, 1990-2019: findings from the global burden of disease study 
2019. ClinRheumatol. (2024) 43:1189–97. doi: 10.1007/s10067-024-06885-9 

9. GBD 2021 Osteoarthritis Collaborators. Global, regional, and national burden of osteoarthritis, 1990-2020 and projections to 2050: a 
systematic analysis for the global burden of disease study 2021. Lancet Rheumatol. (2023) 5:e508–22. doi: 10.1016/S2665-
9913(23)00163-7 

10. Anderson, A.S.; Loeser, R.F. Why is osteoarthritis an age-related disease? Best Pr. Res. Clin. Rheumatol. 2010, 24, 15–26. [Google 
Scholar] [CrossRef] 

11. Loeser, R.F.; Collins, J.A.; Diekman, B.O. Ageing and the pathogenesis of osteoarthritis. Nat. Rev. Rheumatol.  [Google Scholar] 
[CrossRef] 2016, 12, 412–420. 

https://scholar.google.com/scholar_lookup?title=Why+is+osteoarthritis+an+age-related+disease?&author=Anderson,+A.S.&author=Loeser,+R.F.&publication_year=2010&journal=Best+Pr.+Res.+Clin.+Rheumatol.&volume=24&pages=15%E2%80%9326&doi=10.1016/j.berh.2009.08.006
https://scholar.google.com/scholar_lookup?title=Why+is+osteoarthritis+an+age-related+disease?&author=Anderson,+A.S.&author=Loeser,+R.F.&publication_year=2010&journal=Best+Pr.+Res.+Clin.+Rheumatol.&volume=24&pages=15%E2%80%9326&doi=10.1016/j.berh.2009.08.006
https://doi.org/10.1016/j.berh.2009.08.006
https://scholar.google.com/scholar_lookup?title=Ageing+and+the+pathogenesis+of+osteoarthritis&author=Loeser,+R.F.&author=Collins,+J.A.&author=Diekman,+B.O.&publication_year=2016&journal=Nat.+Rev.+Rheumatol.&volume=12&pages=412%E2%80%93420&doi=10.1038/nrrheum.2016.65
https://doi.org/10.1038/nrrheum.2016.65


                   
SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016   ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 11 | November 2025                         - Peer Reviewed Journal 

 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |60 |  

12. Heikal, M.Y.M.; Nazrun, S.A.; Chua, K.H.; Norzana, A.G. Stichopuschloronotus aqueous extract as a chondroprotective agent for 
human chondrocytes isolated from osteoarthitis articular cartilage in vitro. Cytotechnology 2019, 71, 521–537. [Google Scholar] 
[CrossRef] 

13. Buckwalter, J.A.; Brown, T.D. Joint injury, repair, and remodeling: Roles in post-traumatic osteoarthritis. Clin. Orthop. Relat. 
Res. 2004, 423, 16. [Google Scholar] [CrossRef] 

14. Roos, H.; Adalberth, T.; Dahlberg, L.; Lohmander, L.S. Osteoarthritis of the knee after injury to the anterior cruciate ligament or 
meniscus: The influence of time and age. Osteoarthr. Cartil. 1995, 3, 261–267. [Google Scholar] [CrossRef] 

15. Struglics, A.; Larsson, S.; Kumahashi, N.; Frobell, R.; Lohmander, L.S. Changes in Cytokines and Aggrecan ARGS Neoepitope in 
Synovial Fluid and Serum and in C-Terminal Crosslinking Telopeptide of Type II Collagen and N-Terminal Crosslinking Telopeptide 
of Type I Collagen in Urine Over Five Years After Anterior Cruciate Ligament Rupture: An Exploratory Analysis in the Knee Anterior 
Cruciate Ligament, Nonsurgical Versus Surgical Treatment Trial. Arthritis Rheumatol. 2015, 67, 1816–1825. [Google Scholar] 

16. Toivanen, A.T.; Heliövaara, M.; Impivaara, O.; Arokoski, J.P.A.; Knekt, P.; Lauren, H.; Kröger, H. Obesity, physically demanding work 
and traumatic knee injury are major risk factors for knee osteoarthritis—A population-based study with a follow-up of 22 
years. Rheumatology 2009, 49, 308–314. [Google Scholar] [CrossRef] 

17. Sellam, J.; Berenbaum, F. Is osteoarthritis a metabolic disease? Jt. Bone Spine 2013, 80, 568–573. [Google Scholar] [CrossRef] 
18. Visser, A.W.; Ioan-Facsinay, A.; De Mutsert, R.; Widya, R.L.; Loef, M.; De Roos, A.; Le Cessie, S.; Heijer, M.D.; Rosendaal, F.R.; 

Kloppenburg, M.; et al. Adiposity and hand osteoarthritis: The Netherlands Epidemiology of Obesity study. Arthritis Res. 
Ther. 2014, 16, R19. [Google Scholar] [CrossRef] [PubMed] 

19. Ashkavand, Z.; Malekinejad, H.; Vishwanath, B.S. The pathophysiology of osteoarthritis. J. Pharm. Res. 2013, 7, 132–138. [Google 
Scholar] [CrossRef] 

20. Kannu, P.; Bateman, J.F.; Randle, S.; Cowie, S.; Du Sart, D.; McGrath, S.; Edwards, M.J.; Savarirayan, R. Premature arthritis is a 
distinct type II collagen phenotype. Arthritis Rheum. 2010, 62, 1421–1430. [Google Scholar] [CrossRef] 

21. Lian, K.; Zmuda, J.M.; Nevitt, M.C.; Lui, L.; Hochberg, M.C.; Greene, D.; Li, J.; Wang, J.; Lane, N.E. Type I collagen α1 Sp1 
transcription factor binding site polymorphism is associated with reduced risk of hip osteoarthritis defined by severe joint space 
narrowing in elderly women. Arthritis Rheum. 2005, 52, 1431–1436. [Google Scholar] [CrossRef] 

22. Moisio, K.; Chang, A.; Eckstein, F.; Chmiel, J.S.; Wirth, W.; Almagor, O.; Prasad, P.; Cahue, S.; Kothari, A.; Sharma, L. Varus-valgus 
alignment: Reduced risk of subsequent cartilage loss in the less loaded compartment. Arthritis Rheum. 2011, 63, 1002–1009. [Google 
Scholar] [CrossRef] 

23. Andriacchi, T.P.; Favre, J. The Nature of In Vivo Mechanical Signals That Influence Cartilage Health and Progression to Knee 
Osteoarthritis. Curr. Rheumatol. Rep. 2014, 16, 1–8. [Google Scholar] [CrossRef] 

24. Delco, M.L.; Kennedy, J.G.; Bonassar, L.J.; Fortier, L.A. Post-traumatic osteoarthritis of the ankle: A distinct clinical entity requiring 
new research approaches. J. Orthop. Res. 2017, 35, 440–453. [Google Scholar] [CrossRef] 

25. Hussain, S.M.; Wang, Y.; Cicuttini, F.M.; Simpson, J.A.; Giles, G.G.; Graves, S.E.; Wluka, A.E. Incidence of total knee and hip 
replacement for osteoarthritis in relation to the metabolic syndrome and its components: A prospective cohort study. Semin. Arthritis 
Rheum. 2014, 43, 429–436. [Google Scholar] [CrossRef] 

26. Allen, K. Racial and ethnic disparities in osteoarthritis phenotypes. Curr. Opin. Rheumatol. 2010, 22, 528–532. [Google Scholar] 
[CrossRef] 

27. Ezengin, A.; Eprentice, A.; Ward, K.A. Ethnic Differences in Bone Health. Front. Endocrinol. 2015, 6, 24. [Google Scholar] 
[CrossRef] 

28. Jordan, J.M.; Helmick, C.G.; Renner, J.B.; Luta, G.; Dragomir, A.D.; Woodard, J.; Fang, F.; Schwartz, T.A.; Abbate, L.M.; Callahan, 
L.F.; et al. Prevalence of knee symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and Caucasians: 
The Johnston County Osteoarthritis Project. J. Rheumatol. 2007, 34, 172–180. [Google Scholar] [PubMed] 

29. Chia, Y.C.; Beh, H.C.; Ng, C.J.; Teng, C.L.; Hanafi, N.S.; Choo, W.Y.; Ching, S.M. Ethnic differences in the prevalence of knee pain 
among adults of a community in a cross-sectional study. BMJ Open 2016, 6, e011925. [Google Scholar] [CrossRef] [PubMed] 

30. Biver, E.; Berenbaum, F.; Valdes, A.M.; De Carvalho, I.A.; Bindels, L.B.; Brandi, M.L.; Calder, P.C.; Castronovo, V.; Cavalier, E.; 
Cherubini, A.; et al. Gut microbiota and osteoarthritis management: An expert consensus of the European society for clinical and 
economic aspects of osteoporosis, osteoarthritis and musculoskeletal diseases (ESCEO). Ageing Res. Rev. 2019, 55, 100946. [Google 
Scholar] [CrossRef] 

31. Bobinac, D.; Spanjol, J.; Zoricic, S.; Maric, I. Changes in articular cartilage and subchondral bone histomorphometry in osteoarthritic 
knee joints in humans. Bone 2003, 32, 284–290. [Google Scholar] [CrossRef] 

32. Nagaosa, Y.; Lanyon, P.; Doherty, M. Characterisation of size and direction of osteophyte in knee osteoarthritis: A radiographic 
study. Ann. Rheum. Dis. 2002, 61, 319–324. [Google Scholar] [CrossRef] 

33. Baker, K.; Grainger, A.; Niu, J.; Clancy, M.; Guermazi, A.; Crema, M.; Hughes, L.; Buckwalter, J.; Wooley, A.; Nevitt, M.; et al. Relation 
of synovitis to knee pain using contrast-enhanced MRIs. Ann. Rheum. Dis. 2010, 69, 1779–1783. [Google Scholar] [CrossRef] 

34. Wang, X.; Hunter, D.J.; Jin, X.; Ding, C. The importance of synovial inflammation in osteoarthritis: Current evidence from imaging 
assessments and clinical trials. Osteoarthr. Cartil. 2018, 26, 165–174. [Google Scholar] [CrossRef] 

35. Loeser, R.F.; Goldring, S.R.; Scanzello, C.R.; Goldring, M.B. Osteoarthritis: A disease of the joint as an organ. Arthritis 
Rheum. 2012, 64, 1697–1707. [Google Scholar] [CrossRef] 

36. Sharma, L.; Chmiel, J.S.; Almagor, O.; Dunlop, D.; Guermazi, A.; Bathon, J.M.; Eaton, C.B.; Hochberg, M.C.; Jackson, R.D.; Kwoh, 
C.K.; et al. Significance of Preradiographic Magnetic Resonance Imaging Lesions in Persons at Increased Risk of Knee 
Osteoarthritis. Arthritis Rheumatol. 2014, 66, 1811–1819. [Google Scholar] [CrossRef] 

37. O’Rourke, K.S.; Ike, R.W. Diagnostic arthroscopy in the arthritis patient. Rheum. Dis. Clin. N. Am. 1994, 20, 321–342. [Google 
Scholar] 

https://scholar.google.com/scholar_lookup?title=Stichopus+chloronotus+aqueous+extract+as+a+chondroprotective+agent+for+human+chondrocytes+isolated+from+osteoarthitis+articular+cartilage+in+vitro&author=Heikal,+M.Y.M.&author=Nazrun,+S.A.&author=Chua,+K.H.&author=Norzana,+A.G.&publication_year=2019&journal=Cytotechnology&volume=71&pages=521%E2%80%93537&doi=10.1007/s10616-019-00298-2
https://doi.org/10.1007/s10616-019-00298-2
https://scholar.google.com/scholar_lookup?title=Joint+injury,+repair,+and+remodeling:+Roles+in+post-traumatic+osteoarthritis&author=Buckwalter,+J.A.&author=Brown,+T.D.&publication_year=2004&journal=Clin.+Orthop.+Relat.+Res.&volume=423&pages=16&doi=10.1097/01.blo.0000131638.81519.de
https://doi.org/10.1097/01.blo.0000131638.81519.de
https://scholar.google.com/scholar_lookup?title=Osteoarthritis+of+the+knee+after+injury+to+the+anterior+cruciate+ligament+or+meniscus:+The+influence+of+time+and+age&author=Roos,+H.&author=Adalberth,+T.&author=Dahlberg,+L.&author=Lohmander,+L.S.&publication_year=1995&journal=Osteoarthr.+Cartil.&volume=3&pages=261%E2%80%93267&doi=10.1016/S1063-4584(05)80017-2
https://doi.org/10.1016/S1063-4584(05)80017-2
https://scholar.google.com/scholar_lookup?title=Changes+in+Cytokines+and+Aggrecan+ARGS+Neoepitope+in+Synovial+Fluid+and+Serum+and+in+C-Terminal+Crosslinking+Telopeptide+of+Type+II+Collagen+and+N-Terminal+Crosslinking+Telopeptide+of+Type+I+Collagen+in+Urine+Over+Five+Years+After+Anterior+Cruciate+Ligament+Rupture:+An+Exploratory+Analysis+in+the+Knee+Anterior+Cruciate+Ligament,+Nonsurgical+Versus+Surgical+Treatment+Trial&author=Struglics,+A.&author=Larsson,+S.&author=Kumahashi,+N.&author=Frobell,+R.&author=Lohmander,+L.S.&publication_year=2015&journal=Arthritis+Rheumatol.&volume=67&pages=1816%E2%80%931825
https://scholar.google.com/scholar_lookup?title=Obesity,+physically+demanding+work+and+traumatic+knee+injury+are+major+risk+factors+for+knee+osteoarthritis%E2%80%94A+population-based+study+with+a+follow-up+of+22+years&author=Toivanen,+A.T.&author=Heli%C3%B6vaara,+M.&author=Impivaara,+O.&author=Arokoski,+J.P.A.&author=Knekt,+P.&author=Lauren,+H.&author=Kr%C3%B6ger,+H.&publication_year=2009&journal=Rheumatology&volume=49&pages=308%E2%80%93314&doi=10.1093/rheumatology/kep388
https://doi.org/10.1093/rheumatology/kep388
https://scholar.google.com/scholar_lookup?title=Is+osteoarthritis+a+metabolic+disease?&author=Sellam,+J.&author=Berenbaum,+F.&publication_year=2013&journal=Jt.+Bone+Spine&volume=80&pages=568%E2%80%93573&doi=10.1016/j.jbspin.2013.09.007
https://doi.org/10.1016/j.jbspin.2013.09.007
https://scholar.google.com/scholar_lookup?title=Adiposity+and+hand+osteoarthritis:+The+Netherlands+Epidemiology+of+Obesity+study&author=Visser,+A.W.&author=Ioan-Facsinay,+A.&author=De+Mutsert,+R.&author=Widya,+R.L.&author=Loef,+M.&author=De+Roos,+A.&author=Le+Cessie,+S.&author=Heijer,+M.D.&author=Rosendaal,+F.R.&author=Kloppenburg,+M.&author=et+al.&publication_year=2014&journal=Arthritis+Res.+Ther.&volume=16&pages=R19&doi=10.1186/ar4447&pmid=24447395
https://doi.org/10.1186/ar4447
https://www.ncbi.nlm.nih.gov/pubmed/24447395
https://scholar.google.com/scholar_lookup?title=The+pathophysiology+of+osteoarthritis&author=Ashkavand,+Z.&author=Malekinejad,+H.&author=Vishwanath,+B.S.&publication_year=2013&journal=J.+Pharm.+Res.&volume=7&pages=132%E2%80%93138&doi=10.1016/j.jopr.2013.01.008
https://scholar.google.com/scholar_lookup?title=The+pathophysiology+of+osteoarthritis&author=Ashkavand,+Z.&author=Malekinejad,+H.&author=Vishwanath,+B.S.&publication_year=2013&journal=J.+Pharm.+Res.&volume=7&pages=132%E2%80%93138&doi=10.1016/j.jopr.2013.01.008
https://doi.org/10.1016/j.jopr.2013.01.008
https://scholar.google.com/scholar_lookup?title=Premature+arthritis+is+a+distinct+type+II+collagen+phenotype&author=Kannu,+P.&author=Bateman,+J.F.&author=Randle,+S.&author=Cowie,+S.&author=Du+Sart,+D.&author=McGrath,+S.&author=Edwards,+M.J.&author=Savarirayan,+R.&publication_year=2010&journal=Arthritis+Rheum.&volume=62&pages=1421%E2%80%931430&doi=10.1002/art.27354
https://doi.org/10.1002/art.27354
https://scholar.google.com/scholar_lookup?title=Type+I+collagen+%CE%B11+Sp1+transcription+factor+binding+site+polymorphism+is+associated+with+reduced+risk+of+hip+osteoarthritis+defined+by+severe+joint+space+narrowing+in+elderly+women&author=Lian,+K.&author=Zmuda,+J.M.&author=Nevitt,+M.C.&author=Lui,+L.&author=Hochberg,+M.C.&author=Greene,+D.&author=Li,+J.&author=Wang,+J.&author=Lane,+N.E.&publication_year=2005&journal=Arthritis+Rheum.&volume=52&pages=1431%E2%80%931436&doi=10.1002/art.21011
https://doi.org/10.1002/art.21011
https://scholar.google.com/scholar_lookup?title=Varus-valgus+alignment:+Reduced+risk+of+subsequent+cartilage+loss+in+the+less+loaded+compartment&author=Moisio,+K.&author=Chang,+A.&author=Eckstein,+F.&author=Chmiel,+J.S.&author=Wirth,+W.&author=Almagor,+O.&author=Prasad,+P.&author=Cahue,+S.&author=Kothari,+A.&author=Sharma,+L.&publication_year=2011&journal=Arthritis+Rheum.&volume=63&pages=1002%E2%80%931009&doi=10.1002/art.30216
https://scholar.google.com/scholar_lookup?title=Varus-valgus+alignment:+Reduced+risk+of+subsequent+cartilage+loss+in+the+less+loaded+compartment&author=Moisio,+K.&author=Chang,+A.&author=Eckstein,+F.&author=Chmiel,+J.S.&author=Wirth,+W.&author=Almagor,+O.&author=Prasad,+P.&author=Cahue,+S.&author=Kothari,+A.&author=Sharma,+L.&publication_year=2011&journal=Arthritis+Rheum.&volume=63&pages=1002%E2%80%931009&doi=10.1002/art.30216
https://doi.org/10.1002/art.30216
https://scholar.google.com/scholar_lookup?title=The+Nature+of+In+Vivo+Mechanical+Signals+That+Influence+Cartilage+Health+and+Progression+to+Knee+Osteoarthritis&author=Andriacchi,+T.P.&author=Favre,+J.&publication_year=2014&journal=Curr.+Rheumatol.+Rep.&volume=16&pages=1%E2%80%938&doi=10.1007/s11926-014-0463-2
https://doi.org/10.1007/s11926-014-0463-2
https://scholar.google.com/scholar_lookup?title=Post-traumatic+osteoarthritis+of+the+ankle:+A+distinct+clinical+entity+requiring+new+research+approaches&author=Delco,+M.L.&author=Kennedy,+J.G.&author=Bonassar,+L.J.&author=Fortier,+L.A.&publication_year=2017&journal=J.+Orthop.+Res.&volume=35&pages=440%E2%80%93453&doi=10.1002/jor.23462
https://doi.org/10.1002/jor.23462
https://scholar.google.com/scholar_lookup?title=Incidence+of+total+knee+and+hip+replacement+for+osteoarthritis+in+relation+to+the+metabolic+syndrome+and+its+components:+A+prospective+cohort+study&author=Hussain,+S.M.&author=Wang,+Y.&author=Cicuttini,+F.M.&author=Simpson,+J.A.&author=Giles,+G.G.&author=Graves,+S.E.&author=Wluka,+A.E.&publication_year=2014&journal=Semin.+Arthritis+Rheum.&volume=43&pages=429%E2%80%93436&doi=10.1016/j.semarthrit.2013.07.013
https://doi.org/10.1016/j.semarthrit.2013.07.013
https://scholar.google.com/scholar_lookup?title=Racial+and+ethnic+disparities+in+osteoarthritis+phenotypes&author=Allen,+K.&publication_year=2010&journal=Curr.+Opin.+Rheumatol.&volume=22&pages=528%E2%80%93532&doi=10.1097/BOR.0b013e32833b1b6f
https://doi.org/10.1097/BOR.0b013e32833b1b6f
https://scholar.google.com/scholar_lookup?title=Ethnic+Differences+in+Bone+Health&author=Ezengin,+A.&author=Eprentice,+A.&author=Ward,+K.A.&publication_year=2015&journal=Front.+Endocrinol.&volume=6&pages=24&doi=10.3389/fendo.2015.00024
https://doi.org/10.3389/fendo.2015.00024
https://scholar.google.com/scholar_lookup?title=Prevalence+of+knee+symptoms+and+radiographic+and+symptomatic+knee+osteoarthritis+in+African+Americans+and+Caucasians:+The+Johnston+County+Osteoarthritis+Project&author=Jordan,+J.M.&author=Helmick,+C.G.&author=Renner,+J.B.&author=Luta,+G.&author=Dragomir,+A.D.&author=Woodard,+J.&author=Fang,+F.&author=Schwartz,+T.A.&author=Abbate,+L.M.&author=Callahan,+L.F.&author=et+al.&publication_year=2007&journal=J.+Rheumatol.&volume=34&pages=172%E2%80%93180&pmid=17216685
https://www.ncbi.nlm.nih.gov/pubmed/17216685
https://scholar.google.com/scholar_lookup?title=Ethnic+differences+in+the+prevalence+of+knee+pain+among+adults+of+a+community+in+a+cross-sectional+study&author=Chia,+Y.C.&author=Beh,+H.C.&author=Ng,+C.J.&author=Teng,+C.L.&author=Hanafi,+N.S.&author=Choo,+W.Y.&author=Ching,+S.M.&publication_year=2016&journal=BMJ+Open&volume=6&pages=e011925&doi=10.1136/bmjopen-2016-011925&pmid=27909033
https://doi.org/10.1136/bmjopen-2016-011925
https://www.ncbi.nlm.nih.gov/pubmed/27909033
https://scholar.google.com/scholar_lookup?title=Gut+microbiota+and+osteoarthritis+management:+An+expert+consensus+of+the+European+society+for+clinical+and+economic+aspects+of+osteoporosis,+osteoarthritis+and+musculoskeletal+diseases+(ESCEO)&author=Biver,+E.&author=Berenbaum,+F.&author=Valdes,+A.M.&author=De+Carvalho,+I.A.&author=Bindels,+L.B.&author=Brandi,+M.L.&author=Calder,+P.C.&author=Castronovo,+V.&author=Cavalier,+E.&author=Cherubini,+A.&author=et+al.&publication_year=2019&journal=Ageing+Res.+Rev.&volume=55&pages=100946&doi=10.1016/j.arr.2019.100946
https://scholar.google.com/scholar_lookup?title=Gut+microbiota+and+osteoarthritis+management:+An+expert+consensus+of+the+European+society+for+clinical+and+economic+aspects+of+osteoporosis,+osteoarthritis+and+musculoskeletal+diseases+(ESCEO)&author=Biver,+E.&author=Berenbaum,+F.&author=Valdes,+A.M.&author=De+Carvalho,+I.A.&author=Bindels,+L.B.&author=Brandi,+M.L.&author=Calder,+P.C.&author=Castronovo,+V.&author=Cavalier,+E.&author=Cherubini,+A.&author=et+al.&publication_year=2019&journal=Ageing+Res.+Rev.&volume=55&pages=100946&doi=10.1016/j.arr.2019.100946
https://doi.org/10.1016/j.arr.2019.100946
https://scholar.google.com/scholar_lookup?title=Changes+in+articular+cartilage+and+subchondral+bone+histomorphometry+in+osteoarthritic+knee+joints+in+humans&author=Bobinac,+D.&author=Spanjol,+J.&author=Zoricic,+S.&author=Maric,+I.&publication_year=2003&journal=Bone&volume=32&pages=284%E2%80%93290&doi=10.1016/S8756-3282(02)00982-1
https://doi.org/10.1016/S8756-3282(02)00982-1
https://scholar.google.com/scholar_lookup?title=Characterisation+of+size+and+direction+of+osteophyte+in+knee+osteoarthritis:+A+radiographic+study&author=Nagaosa,+Y.&author=Lanyon,+P.&author=Doherty,+M.&publication_year=2002&journal=Ann.+Rheum.+Dis.&volume=61&pages=319%E2%80%93324&doi=10.1136/ard.61.4.319
https://doi.org/10.1136/ard.61.4.319
https://scholar.google.com/scholar_lookup?title=Relation+of+synovitis+to+knee+pain+using+contrast-enhanced+MRIs&author=Baker,+K.&author=Grainger,+A.&author=Niu,+J.&author=Clancy,+M.&author=Guermazi,+A.&author=Crema,+M.&author=Hughes,+L.&author=Buckwalter,+J.&author=Wooley,+A.&author=Nevitt,+M.&author=et+al.&publication_year=2010&journal=Ann.+Rheum.+Dis.&volume=69&pages=1779%E2%80%931783&doi=10.1136/ard.2009.121426
https://doi.org/10.1136/ard.2009.121426
https://scholar.google.com/scholar_lookup?title=The+importance+of+synovial+inflammation+in+osteoarthritis:+Current+evidence+from+imaging+assessments+and+clinical+trials&author=Wang,+X.&author=Hunter,+D.J.&author=Jin,+X.&author=Ding,+C.&publication_year=2018&journal=Osteoarthr.+Cartil.&volume=26&pages=165%E2%80%93174&doi=10.1016/j.joca.2017.11.015
https://doi.org/10.1016/j.joca.2017.11.015
https://scholar.google.com/scholar_lookup?title=Osteoarthritis:+A+disease+of+the+joint+as+an+organ&author=Loeser,+R.F.&author=Goldring,+S.R.&author=Scanzello,+C.R.&author=Goldring,+M.B.&publication_year=2012&journal=Arthritis+Rheum.&volume=64&pages=1697%E2%80%931707&doi=10.1002/art.34453
https://doi.org/10.1002/art.34453
https://scholar.google.com/scholar_lookup?title=Significance+of+Preradiographic+Magnetic+Resonance+Imaging+Lesions+in+Persons+at+Increased+Risk+of+Knee+Osteoarthritis&author=Sharma,+L.&author=Chmiel,+J.S.&author=Almagor,+O.&author=Dunlop,+D.&author=Guermazi,+A.&author=Bathon,+J.M.&author=Eaton,+C.B.&author=Hochberg,+M.C.&author=Jackson,+R.D.&author=Kwoh,+C.K.&author=et+al.&publication_year=2014&journal=Arthritis+Rheumatol.&volume=66&pages=1811%E2%80%931819&doi=10.1002/art.38611
https://doi.org/10.1002/art.38611
https://scholar.google.com/scholar_lookup?title=Diagnostic+arthroscopy+in+the+arthritis+patient&author=O%E2%80%99Rourke,+K.S.&author=Ike,+R.W.&publication_year=1994&journal=Rheum.+Dis.+Clin.+N.+Am.&volume=20&pages=321%E2%80%93342
https://scholar.google.com/scholar_lookup?title=Diagnostic+arthroscopy+in+the+arthritis+patient&author=O%E2%80%99Rourke,+K.S.&author=Ike,+R.W.&publication_year=1994&journal=Rheum.+Dis.+Clin.+N.+Am.&volume=20&pages=321%E2%80%93342


                   
SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016   ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 11 | November 2025                         - Peer Reviewed Journal 

 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |61 |  

38. Chow, Y.Y.; Chin, K.-Y. The Role of Inflammation in the Pathogenesis of Osteoarthritis. Mediat. Inflamm. 2020, 2020, 1–19. [Google 
Scholar] [CrossRef] [PubMed] 

39. Akkiraju, H.; Nohe, A. Role of Chondrocytes in Cartilage Formation, Progression of Osteoarthritis and Cartilage Regeneration. J. Dev. 
Biol. 2015, 3, 177–192. [Google Scholar] [CrossRef] [PubMed] 

40. Hoff, P.; Buttgereit, F.; Burmester, G.-R.; Jakstadt, M.; Gaber, T.; Andreas, K.; Matziolis, G.; Perka, C.; Röhner, E. Osteoarthritis 
synovial fluid activates pro-inflammatory cytokines in primary human chondrocytes. Int. Orthop. 2012, 37, 145–151. [Google 
Scholar] [CrossRef] 

41. Kapoor, M.; Martel-Pelletier, J.; Lajeunesse, D.; Pelletier, J.P.; Fahmi, H. Role of proinflammatory cytokines in the pathophysiology of 
osteoarthritis. Nat. Rev. Rheumatol. 2011, 7, 33–42. [Google Scholar] [CrossRef] [PubMed] 

42. Abramson, S.B.; Straub, R.H. Developments in the scientific understanding of osteoarthritis. Arthritis Res. Ther. 2009, 11, 227. 
[Google Scholar] [CrossRef] 

43. Hwang, H.S.; Kim, H.A. Chondrocyte Apoptosis in the Pathogenesis of Osteoarthritis. Int. J. Mol. Sci. 2015, 16, 26035–26054. [Google 
Scholar] [CrossRef] 

44. Caramés, B.; Hasegawa, A.; Taniguchi, N.; Miyaki, S.; Blanco, F.J.; Lotz, M. Autophagy activation by rapamycin reduces severity of 
experimental osteoarthritis. Ann. Rheum. Dis. 2012, 71, 575–581. [Google Scholar] [CrossRef] 

45. Wojdasiewicz, P.; Poniatowski, L.A.; Szukiewicz, D. The Role of Inflammatory and Anti-Inflammatory Cytokines in the Pathogenesis 
of Osteoarthritis. Mediat. Inflamm. 2014, 2014, 561459. [Google Scholar] [CrossRef] 

46. Goldring, M.B.; Otero, M. Inflammation in osteoarthritis. Curr. Opin. Rheumatol. 2014, 23, 471–478. [Google Scholar] [CrossRef] 
47. Ruszymah, B.H.I.; Shamsul, B.; Chowdhury, S.R.; Hamdan, M. Effect of cell density on formation of three-dimensional cartilaginous 

constructs using fibrin & human osteoarthritic chondrocytes. Indian J. Med. Res. 2019, 149, 641–649. [Google Scholar] [CrossRef] 
48. Ude, C.C.; Sulaiman, S.B.; Min-Hwei, N.; Chen, H.C.; Ahmad, J.; Yahaya, N.M.; Saim, A.B.; Idrus, R.B.H. Cartilage Regeneration by 

Chondrogenic Induced Adult Stem Cells in Osteoarthritic Sheep Model. PLoS ONE 2014, 9, e98770. [Google Scholar] [CrossRef] 
49. Fichter, M.; Körner, U.; Schomburg, J.; Jennings, L.; Cole, A.A.; Mollenhauer, J. Collagen degradation products modulate matrix 

metalloproteinase expression in cultured articular chondrocytes. J. Orthop. Res. 2005, 24, 63–70. [Google Scholar] [CrossRef] 
50. Houard, X.; Goldring, M.B. Berenbaum Francis, Homeostatic Mechanisms in Articular Cartilage and Role of Inflammation in 

Osteoarthritis. Curr. Rheumatol. Rep. 2013, 15, 375. [Google Scholar] [CrossRef] 
51. Musumeci, G.; Aiello, F.C.; Szychlinska, M.A.; Di Rosa, M.; Castrogiovanni, P.; Mobasheri, A. Osteoarthritis in the XXIst Century: 

Risk Factors and Behaviours that Influence Disease Onset and Progression. Int. J. Mol. Sci. 2015, 16, 6093–6112. [Google Scholar] 
[CrossRef] 

52. Tsuchida, A.I.; Beekhuizen, M.; Rutgers, M.; van Osch, G.J.; Bekkers, J.E.; Bot, A.G.; Geurts, B.; Dhert, W.J.; Saris, D.B.; Creemers, 
L.B. Cytokine profiles in the joint depend on pathology, but are different between synovial fluid, cartilage tissue and cultured 
chondrocytes. Arthritis Res. Ther. 2014, 16, 441. [Google Scholar] [CrossRef] 

53. Martel-Pelletier, J. Pathophysiology of osteoarthritis. Osteoarthr. Cartil. 2004, 12, S31–S33. [Google Scholar] [CrossRef] 
54. Blasioli, D.J.; Kaplan, D.L. The Roles of Catabolic Factors in the Development of Osteoarthritis. Tissue Eng. Part B 2014, 20, 355–363. 

[Google Scholar] [CrossRef] [PubMed] 
55. Yin, J.; Yang, Z.; Cao, Y.-P.; Ge, Z. Characterization of human primary chondrocytes of osteoarthritic cartilage at varying 

severity. Chin. Med. J. 2011, 124, 4245–4253. [Google Scholar] 
56. Sandell, L.; Aigner, T. Articular cartilage and changes in arthritis. An introduction: Cell biology of osteoarthritis. Arthritis Res. 2001, 3, 

107–113. [Google Scholar] 
57. Necas, J.; Bartosicova, L.; Brauner, P.; Kolar, J. Hyaluronic acid. (hyaluronan): A review. Vet. Med. 2008, 8, 397–411. [Google 

Scholar] [CrossRef] 
58. Bowman, S.; Awad, M.E.; Hamrick, M.W.; Hunter, M.; Fulzele, S. Recent advances in hyaluronic acid based therapy for 

osteoarthritis. Clin. Transl. Med. 2018, 7, 6. [Google Scholar] [CrossRef] 
59. Day, R.; Brooks, P.; Conaghan, P.G.; Petersen, M. A double blind, randomized, multicenter, parallel group study of the effectiveness 

and tolerance of intraarticularhyaluronan in osteoarthritis of the knee. J. Rheumatol. 2004, 31, 775–782. [Google Scholar] 
60. Adams, M.E.; Lussier, A.J.; Peyron, J.G. A risk-benefit assessment of injections of hyaluronan and its derivatives in the treatment of 

osteoarthritis of the knee. Drug Saf. 2000, 23, 115–130. [Google Scholar] [CrossRef] [PubMed] 
61. Brun, P.; Panfilo, S.; DagaGordini, D.; Cortivo, R.; Abatangelo, G. The effect of hyaluronan on CD44-mediated survival of normal and 

hydroxyl radical-damaged chondrocytes. Osteoarthr. Cartil. 2003, 11, 208–216. [Google Scholar] [CrossRef] 
62. Karna, E.; Miltyk, W.; Surazynski, A.; Palka, J.A. Protective effect of hyaluronic acid on interleukin-1-induced deregulation of beta1-

integrin and insulin-like growth factor-I receptor signaling and collagen biosynthesis in cultured human chondrocytes. Mol. Cell 
Biochem. 2008, 308, 57–64. [Google Scholar] [CrossRef] 

63. Hiraoka, N.; Takahashi, Y.; Arai, K.; Honjo, S.; Nakawaga, S.; Tsuchida, S.; Sakao, K.; Kubo, T. Hyaluronan and intermittent 
hydrostatic pressure synergistically suppressed MMP-13 and Il-6 expressions in osteoblasts from OA subchondral bone. Osteoarthr. 
Cartil. 2009, 17, S97. [Google Scholar] [CrossRef][Green Version] 

64. Kajimoto, O.; Odanaka, Y.; Sakamoto, W.; Yoshida, K.; Takahashi, T. Clinical effects of dietary hyaluronic acid on dry skin. J. New 
Remedies 2001, 50, 548–560. [Google Scholar] 

65. Asari, A.; Kanemitsu, T.; Kurihara, H. Oral administration of high molecular weight hyaluronan (900 kDa) controls immune system 
via toll-like receptor 4 in the intestinal epithelium. J. Biol. Chem. 2010, 285, 24751–24758. [Google Scholar] [CrossRef] 

66. Chang, C.C.; Hsieh, M.S.; Liao, S.T.; Chen, Y.H.; Cheng, C.W.; Huang, P.T.; Lin, J.-F.; Chen, C.-H. Hyaluronan regulates 
PPARgamma and inflammatory responses in IL-1beta-stimulated human chondrosarcoma cells, a model for osteoarthritis. Carbohydr. 
Polym. 2012, 90, 1168–1175. [Google Scholar] [CrossRef] 

https://scholar.google.com/scholar_lookup?title=The+Role+of+Inflammation+in+the+Pathogenesis+of+Osteoarthritis&author=Chow,+Y.Y.&author=Chin,+K.-Y.&publication_year=2020&journal=Mediat.+Inflamm.&volume=2020&pages=1%E2%80%9319&doi=10.1155/2020/8293921&pmid=32189997
https://scholar.google.com/scholar_lookup?title=The+Role+of+Inflammation+in+the+Pathogenesis+of+Osteoarthritis&author=Chow,+Y.Y.&author=Chin,+K.-Y.&publication_year=2020&journal=Mediat.+Inflamm.&volume=2020&pages=1%E2%80%9319&doi=10.1155/2020/8293921&pmid=32189997
https://doi.org/10.1155/2020/8293921
https://www.ncbi.nlm.nih.gov/pubmed/32189997
https://scholar.google.com/scholar_lookup?title=Role+of+Chondrocytes+in+Cartilage+Formation,+Progression+of+Osteoarthritis+and+Cartilage+Regeneration&author=Akkiraju,+H.&author=Nohe,+A.&publication_year=2015&journal=J.+Dev.+Biol.&volume=3&pages=177%E2%80%93192&doi=10.3390/jdb3040177&pmid=27347486
https://doi.org/10.3390/jdb3040177
https://www.ncbi.nlm.nih.gov/pubmed/27347486
https://scholar.google.com/scholar_lookup?title=Osteoarthritis+synovial+fluid+activates+pro-inflammatory+cytokines+in+primary+human+chondrocytes&author=Hoff,+P.&author=Buttgereit,+F.&author=Burmester,+G.-R.&author=Jakstadt,+M.&author=Gaber,+T.&author=Andreas,+K.&author=Matziolis,+G.&author=Perka,+C.&author=R%C3%B6hner,+E.&publication_year=2012&journal=Int.+Orthop.&volume=37&pages=145%E2%80%93151&doi=10.1007/s00264-012-1724-1
https://scholar.google.com/scholar_lookup?title=Osteoarthritis+synovial+fluid+activates+pro-inflammatory+cytokines+in+primary+human+chondrocytes&author=Hoff,+P.&author=Buttgereit,+F.&author=Burmester,+G.-R.&author=Jakstadt,+M.&author=Gaber,+T.&author=Andreas,+K.&author=Matziolis,+G.&author=Perka,+C.&author=R%C3%B6hner,+E.&publication_year=2012&journal=Int.+Orthop.&volume=37&pages=145%E2%80%93151&doi=10.1007/s00264-012-1724-1
https://doi.org/10.1007/s00264-012-1724-1
https://scholar.google.com/scholar_lookup?title=Role+of+proinflammatory+cytokines+in+the+pathophysiology+of+osteoarthritis&author=Kapoor,+M.&author=Martel-Pelletier,+J.&author=Lajeunesse,+D.&author=Pelletier,+J.P.&author=Fahmi,+H.&publication_year=2011&journal=Nat.+Rev.+Rheumatol.&volume=7&pages=33%E2%80%9342&doi=10.1038/nrrheum.2010.196&pmid=21119608
https://doi.org/10.1038/nrrheum.2010.196
https://www.ncbi.nlm.nih.gov/pubmed/21119608
https://scholar.google.com/scholar_lookup?title=Developments+in+the+scientific+understanding+of+osteoarthritis&author=Abramson,+S.B.&author=Straub,+R.H.&publication_year=2009&journal=Arthritis+Res.+Ther.&volume=11&pages=227&doi=10.1186/ar2655
https://doi.org/10.1186/ar2655
https://scholar.google.com/scholar_lookup?title=Chondrocyte+Apoptosis+in+the+Pathogenesis+of+Osteoarthritis&author=Hwang,+H.S.&author=Kim,+H.A.&publication_year=2015&journal=Int.+J.+Mol.+Sci.&volume=16&pages=26035%E2%80%9326054&doi=10.3390/ijms161125943
https://scholar.google.com/scholar_lookup?title=Chondrocyte+Apoptosis+in+the+Pathogenesis+of+Osteoarthritis&author=Hwang,+H.S.&author=Kim,+H.A.&publication_year=2015&journal=Int.+J.+Mol.+Sci.&volume=16&pages=26035%E2%80%9326054&doi=10.3390/ijms161125943
https://doi.org/10.3390/ijms161125943
https://scholar.google.com/scholar_lookup?title=Autophagy+activation+by+rapamycin+reduces+severity+of+experimental+osteoarthritis&author=Caram%C3%A9s,+B.&author=Hasegawa,+A.&author=Taniguchi,+N.&author=Miyaki,+S.&author=Blanco,+F.J.&author=Lotz,+M.&publication_year=2012&journal=Ann.+Rheum.+Dis.&volume=71&pages=575%E2%80%93581&doi=10.1136/annrheumdis-2011-200557
https://doi.org/10.1136/annrheumdis-2011-200557
https://scholar.google.com/scholar_lookup?title=The+Role+of+Inflammatory+and+Anti-Inflammatory+Cytokines+in+the+Pathogenesis+of+Osteoarthritis&author=Wojdasiewicz,+P.&author=Poniatowski,+L.A.&author=Szukiewicz,+D.&publication_year=2014&journal=Mediat.+Inflamm.&volume=2014&pages=561459&doi=10.1155/2014/561459
https://doi.org/10.1155/2014/561459
https://scholar.google.com/scholar_lookup?title=Inflammation+in+osteoarthritis&author=Goldring,+M.B.&author=Otero,+M.&publication_year=2014&journal=Curr.+Opin.+Rheumatol.&volume=23&pages=471%E2%80%93478&doi=10.1097/BOR.0b013e328349c2b1
https://doi.org/10.1097/BOR.0b013e328349c2b1
https://scholar.google.com/scholar_lookup?title=Effect+of+cell+density+on+formation+of+three-dimensional+cartilaginous+constructs+using+fibrin+%2526+human+osteoarthritic+chondrocytes&author=Ruszymah,+B.H.I.&author=Shamsul,+B.&author=Chowdhury,+S.R.&author=Hamdan,+M.&publication_year=2019&journal=Indian+J.+Med.+Res.&volume=149&pages=641%E2%80%93649&doi=10.4103/ijmr.IJMR_45_17
https://doi.org/10.4103/ijmr.IJMR_45_17
https://scholar.google.com/scholar_lookup?title=Cartilage+Regeneration+by+Chondrogenic+Induced+Adult+Stem+Cells+in+Osteoarthritic+Sheep+Model&author=Ude,+C.C.&author=Sulaiman,+S.B.&author=Min-Hwei,+N.&author=Chen,+H.C.&author=Ahmad,+J.&author=Yahaya,+N.M.&author=Saim,+A.B.&author=Idrus,+R.B.H.&publication_year=2014&journal=PLoS+ONE&volume=9&pages=e98770&doi=10.1371/journal.pone.0098770
https://doi.org/10.1371/journal.pone.0098770
https://scholar.google.com/scholar_lookup?title=Collagen+degradation+products+modulate+matrix+metalloproteinase+expression+in+cultured+articular+chondrocytes&author=Fichter,+M.&author=K%C3%B6rner,+U.&author=Schomburg,+J.&author=Jennings,+L.&author=Cole,+A.A.&author=Mollenhauer,+J.&publication_year=2005&journal=J.+Orthop.+Res.&volume=24&pages=63%E2%80%9370&doi=10.1002/jor.20001
https://doi.org/10.1002/jor.20001
https://scholar.google.com/scholar_lookup?title=Berenbaum+Francis,+Homeostatic+Mechanisms+in+Articular+Cartilage+and+Role+of+Inflammation+in+Osteoarthritis&author=Houard,+X.&author=Goldring,+M.B.&publication_year=2013&journal=Curr.+Rheumatol.+Rep.&volume=15&pages=375&doi=10.1007/s11926-013-0375-6
https://doi.org/10.1007/s11926-013-0375-6
https://scholar.google.com/scholar_lookup?title=Osteoarthritis+in+the+XXIst+Century:+Risk+Factors+and+Behaviours+that+Influence+Disease+Onset+and+Progression&author=Musumeci,+G.&author=Aiello,+F.C.&author=Szychlinska,+M.A.&author=Di+Rosa,+M.&author=Castrogiovanni,+P.&author=Mobasheri,+A.&publication_year=2015&journal=Int.+J.+Mol.+Sci.&volume=16&pages=6093%E2%80%936112&doi=10.3390/ijms16036093
https://doi.org/10.3390/ijms16036093
https://scholar.google.com/scholar_lookup?title=Cytokine+profiles+in+the+joint+depend+on+pathology,+but+are+different+between+synovial+fluid,+cartilage+tissue+and+cultured+chondrocytes&author=Tsuchida,+A.I.&author=Beekhuizen,+M.&author=Rutgers,+M.&author=van+Osch,+G.J.&author=Bekkers,+J.E.&author=Bot,+A.G.&author=Geurts,+B.&author=Dhert,+W.J.&author=Saris,+D.B.&author=Creemers,+L.B.&publication_year=2014&journal=Arthritis+Res.+Ther.&volume=16&pages=441&doi=10.1186/s13075-014-0441-0
https://doi.org/10.1186/s13075-014-0441-0
https://scholar.google.com/scholar_lookup?title=Pathophysiology+of+osteoarthritis&author=Martel-Pelletier,+J.&publication_year=2004&journal=Osteoarthr.+Cartil.&volume=12&pages=S31%E2%80%93S33&doi=10.1016/j.joca.2003.10.002
https://doi.org/10.1016/j.joca.2003.10.002
https://scholar.google.com/scholar_lookup?title=The+Roles+of+Catabolic+Factors+in+the+Development+of+Osteoarthritis&author=Blasioli,+D.J.&author=Kaplan,+D.L.&publication_year=2014&journal=Tissue+Eng.+Part+B&volume=20&pages=355%E2%80%93363&doi=10.1089/ten.teb.2013.0377&pmid=24172137
https://doi.org/10.1089/ten.teb.2013.0377
https://www.ncbi.nlm.nih.gov/pubmed/24172137
https://scholar.google.com/scholar_lookup?title=Characterization+of+human+primary+chondrocytes+of+osteoarthritic+cartilage+at+varying+severity&author=Yin,+J.&author=Yang,+Z.&author=Cao,+Y.-P.&author=Ge,+Z.&publication_year=2011&journal=Chin.+Med.+J.&volume=124&pages=4245%E2%80%934253
https://scholar.google.com/scholar_lookup?title=Articular+cartilage+and+changes+in+arthritis.+An+introduction:+Cell+biology+of+osteoarthritis&author=Sandell,+L.&author=Aigner,+T.&publication_year=2001&journal=Arthritis+Res.&volume=3&pages=107%E2%80%93113
https://scholar.google.com/scholar_lookup?title=Hyaluronic+acid.+(hyaluronan):+A+review&author=Necas,+J.&author=Bartosicova,+L.&author=Brauner,+P.&author=Kolar,+J.&publication_year=2008&journal=Vet.+Med.&volume=8&pages=397%E2%80%93411&doi=10.17221/1930-VETMED
https://scholar.google.com/scholar_lookup?title=Hyaluronic+acid.+(hyaluronan):+A+review&author=Necas,+J.&author=Bartosicova,+L.&author=Brauner,+P.&author=Kolar,+J.&publication_year=2008&journal=Vet.+Med.&volume=8&pages=397%E2%80%93411&doi=10.17221/1930-VETMED
https://doi.org/10.17221/1930-VETMED
https://scholar.google.com/scholar_lookup?title=Recent+advances+in+hyaluronic+acid+based+therapy+for+osteoarthritis&author=Bowman,+S.&author=Awad,+M.E.&author=Hamrick,+M.W.&author=Hunter,+M.&author=Fulzele,+S.&publication_year=2018&journal=Clin.+Transl.+Med.&volume=7&pages=6&doi=10.1186/s40169-017-0180-3
https://doi.org/10.1186/s40169-017-0180-3
https://scholar.google.com/scholar_lookup?title=A+double+blind,+randomized,+multicenter,+parallel+group+study+of+the+effectiveness+and+tolerance+of+intraarticular+hyaluronan+in+osteoarthritis+of+the+knee&author=Day,+R.&author=Brooks,+P.&author=Conaghan,+P.G.&author=Petersen,+M.&publication_year=2004&journal=J.+Rheumatol.&volume=31&pages=775%E2%80%93782
https://scholar.google.com/scholar_lookup?title=A+risk-benefit+assessment+of+injections+of+hyaluronan+and+its+derivatives+in+the+treatment+of+osteoarthritis+of+the+knee&author=Adams,+M.E.&author=Lussier,+A.J.&author=Peyron,+J.G.&publication_year=2000&journal=Drug+Saf.&volume=23&pages=115%E2%80%93130&doi=10.2165/00002018-200023020-00003&pmid=10945374
https://doi.org/10.2165/00002018-200023020-00003
https://www.ncbi.nlm.nih.gov/pubmed/10945374
https://scholar.google.com/scholar_lookup?title=The+effect+of+hyaluronan+on+CD44-mediated+survival+of+normal+and+hydroxyl+radical-damaged+chondrocytes&author=Brun,+P.&author=Panfilo,+S.&author=Daga+Gordini,+D.&author=Cortivo,+R.&author=Abatangelo,+G.&publication_year=2003&journal=Osteoarthr.+Cartil.&volume=11&pages=208%E2%80%93216&doi=10.1016/S1063-4584(02)00352-7
https://doi.org/10.1016/S1063-4584(02)00352-7
https://scholar.google.com/scholar_lookup?title=Protective+effect+of+hyaluronic+acid+on+interleukin-1-induced+deregulation+of+beta1-integrin+and+insulin-like+growth+factor-I+receptor+signaling+and+collagen+biosynthesis+in+cultured+human+chondrocytes&author=Karna,+E.&author=Miltyk,+W.&author=Surazynski,+A.&author=Palka,+J.A.&publication_year=2008&journal=Mol.+Cell+Biochem.&volume=308&pages=57%E2%80%9364&doi=10.1007/s11010-007-9612-5
https://doi.org/10.1007/s11010-007-9612-5
https://scholar.google.com/scholar_lookup?title=Hyaluronan+and+intermittent+hydrostatic+pressure+synergistically+suppressed+MMP-13+and+Il-6+expressions+in+osteoblasts+from+OA+subchondral+bone&author=Hiraoka,+N.&author=Takahashi,+Y.&author=Arai,+K.&author=Honjo,+S.&author=Nakawaga,+S.&author=Tsuchida,+S.&author=Sakao,+K.&author=Kubo,+T.&publication_year=2009&journal=Osteoarthr.+Cartil.&volume=17&pages=S97&doi=10.1016/S1063-4584(09)60186-2
https://doi.org/10.1016/S1063-4584(09)60186-2
https://www.mdpi.com/1422-0067/22/23/12920
https://scholar.google.com/scholar_lookup?title=Clinical+effects+of+dietary+hyaluronic+acid+on+dry+skin&author=Kajimoto,+O.&author=Odanaka,+Y.&author=Sakamoto,+W.&author=Yoshida,+K.&author=Takahashi,+T.&publication_year=2001&journal=J.+New+Remedies&volume=50&pages=548%E2%80%93560
https://scholar.google.com/scholar_lookup?title=Oral+administration+of+high+molecular+weight+hyaluronan+(900+kDa)+controls+immune+system+via+toll-like+receptor+4+in+the+intestinal+epithelium&author=Asari,+A.&author=Kanemitsu,+T.&author=Kurihara,+H.&publication_year=2010&journal=J.+Biol.+Chem.&volume=285&pages=24751%E2%80%9324758&doi=10.1074/jbc.M110.104950
https://doi.org/10.1074/jbc.M110.104950
https://scholar.google.com/scholar_lookup?title=Hyaluronan+regulates+PPARgamma+and+inflammatory+responses+in+IL-1beta-stimulated+human+chondrosarcoma+cells,+a+model+for+osteoarthritis&author=Chang,+C.C.&author=Hsieh,+M.S.&author=Liao,+S.T.&author=Chen,+Y.H.&author=Cheng,+C.W.&author=Huang,+P.T.&author=Lin,+J.-F.&author=Chen,+C.-H.&publication_year=2012&journal=Carbohydr.+Polym.&volume=90&pages=1168%E2%80%931175&doi=10.1016/j.carbpol.2012.06.071
https://doi.org/10.1016/j.carbpol.2012.06.071


                   
SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016   ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 11 | November 2025                         - Peer Reviewed Journal 

 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |62 |  

67. Yasuda, T. Hyaluronan inhibits Akt, leading to nuclear factor-kappaB down-regulation in lipopolysaccharide-stimulated U937 
macrophages. J. Pharmacol. Sci. 2011, 115, 509–515. [Google Scholar] [CrossRef] 

68. Meikle, P.J.; Whittle, A.M.; Hopwood, J.J. Human acetyl-coenzyme A: α-glucosaminide N-acetyltransferase: Kinetic characterization 
and mechanistic interpretation. Biochem. J. 1995, 308, 327–333. [Google Scholar] [CrossRef] 

69. Han, F.; Ishiguro, N.; Ito, T.; Sakai, T.; Iwata, H. Effects of sodium hyaluronate on experimental osteoarthritis in rabbit knee 
joints. Nagoya Med. Sci. 1999, 62, 115–126. [Google Scholar] 

70. Forsey, R.; Fisher, J.; Thompson, J.; Stone, M.; Bell, C.; Ingham, E. The effect of hyaluronic acid and phospholipid based lubricants on 
friction within a human cartilage damage model. Biomaterials 2006, 27, 4581–4590. [Google Scholar] [CrossRef] [PubMed] 

71. Gomis, A.; Miralles, A.; Schmidt, R.F.; Belmonte, C. Intra-articular injections of hyaluronan solutions of different elastoviscosity reduce 
nociceptive nerve activity in a model of osteoarthritic knee joint of the guinea pig. Osteoarthr. Cartil. 2009, 17, 798–804. [Google 
Scholar] [CrossRef] [PubMed] 

72. Balogh, L.; Polyak, A.; Mathe, D.; Kiraly, R.; Thuroczy, J.; Terez, M.; Janoki, G.; Ting, Y.; Bucci, L.R.; Schauss, A.G. Absorption, 
uptake and tissue affinity of high-molecular-weight hyaluronan after oral administration in rats and dogs. J. Agric. Food. 
Chem. 2008, 56, 10582–10593. [Google Scholar] [CrossRef] [PubMed] 

73. Sato, T.; Iwaso, H. An effectiveness study of hyaluronic acid (Hyabest J) in the treatment of osteoarthritis of the knee. J. New Rem. 
Clin. 2008, 57, 260–269. [Google Scholar] 

74. Nagaoka, I.; Nabeshima, K.; Murakami, S.; Yamamoto, T.; Watanabe, K.; Tomonaga, A.; Yamaguchi, H. Evaluation of the effects of a 
supplementary diet containing chicken comb extract on symptoms and cartilage metabolism in patients with knee osteoarthritis. Exp. 
Ther. Med. 2010, 1, 817–827. [Google Scholar] [CrossRef] 

75. Sato, T.; Iwaso, H. An effectiveness study of hyaluronic acid (Hyabest J) in the treatment of osteoarthritis of the knee on the patint in 
the United States. J. New Rem. Clin. 2009, 58, 551–558. [Google Scholar] 

76. Iwaso, H.; Sato, T. Examination of the efficacy and safety of oral administration of Hyabest J, highly pure hyaluronic acid, for knee joint 
pain. J. Jap. Soc. Clin. Sports Med. 2009, 17, 566–572. [Google Scholar] 

77. Tashiro, T.; Seino, S.; Sato, T.; Matsuoka, R.; Masuda, Y.; Fukui, N. Oral administration of polymer hyaluronic acid alleviates symptoms 
of knee osteoarthritis: A double-blind, placebo-controlled study over a 12-month period. Sci. World J. 2012, 2012, 167928. [Google 
Scholar] [CrossRef] [PubMed] 

78. Oe, M.; Sakai, S.; Yoshida, H.; Okado, N.; Kaneda, H.; Masuda, Y.; Urushibata, O. Oral hyaluronan relieves wrinkles: A double-blinded, 
placebo-controlled study over a 12-week period. Clin. Cosmet. Investig. Dermatol. 2017, 10, 267–273. [Google Scholar] [CrossRef] 

79. Padayatty, S.J.; Katz, A.; Wang, Y.; Eck, P.; Kwon, O.; Lee, J.H.; Chen, S.; Corpe, C.; Dutta, A.; Dutta, S.K.; et al. Vitamin C as an 
antioxidant: Evaluation of its role in disease prevention. J. Am. Coll. Nutr. 2003, 22, 18–35. [Google Scholar] [CrossRef] [PubMed] 

80. Li, H.; Zeng, C.; Wei, J.; Yang, T.; Gao, S.G.; Li, Y.S.; Lei, G.H. Associations between dietary antioxidants intake and radiographic knee 
osteoarthritis. Clin. Rheumatol. 2016, 35, 1585–1592. [Google Scholar] [CrossRef] 

81. Chang, Z.; Huo, L.; Li, P.; Wu, Y.; Zhang, P. Ascorbic acid provides protection for human chondrocytes against oxidative stress. Mol. 
Med. Rep. 2015, 12, 7086–7092. [Google Scholar] [CrossRef] [PubMed] 

82. Pinto, S.; Rao, A.V.; Rao, A. Lipid peroxidation, erythrocyte antioxidants and plasma antioxidants in osteoarthritis before and after 
homeopathic treatment. Homeopathy 2008, 97, 185–189. [Google Scholar] [CrossRef] [PubMed] 

83. Kurz, B.; Jost, B.; Schünke, M. Dietary vitamins and selenium diminish the development of mechanically induced osteoarthritis and 
increase the expression of antioxidative enzymes in the knee joint of STR/1N mice. Osteoarth. Cartil. 2002, 10, 119–126. [Google 
Scholar] [CrossRef] 

84. Sowers, M.; Lachance, L. Vitamins and arthritis—the roles of vitamins A, C, D, and E. Rheum. Dis. Clin. N. Am. 1999, 25, 315–332. 
[Google Scholar] [CrossRef] 

85. Chiu, P.R.; Hu, Y.C.; Huang, T.C.; Hsieh, B.-S.; Yeh, J.-P.; Cheng, H.-L.; Huang, L.-W.; Chang, K.-L. Vitamin C Protects Chondrocytes 
against Monosodium Iodoacetate-Induced Osteoarthritis by Multiple Pathways. Int. J. Mol. Sci. 2016, 18, 38. [Google Scholar] 
[CrossRef] [PubMed] 

86. Chaganti, R.K.; Tolstykh, I.; Javaid, M.K.; Neogi, T.; Torner, J.; Curtis, J.; Jacques, P.; Felson, D.; Lane, N.E.; Nevitt, M.C. Multicenter 
Osteoarthritis Study Group (MOST). High plasma levels of vitamin C and E are associated with incident radiographic knee 
osteoarthritis. Osteoarthr. Cartil. OARS Osteoarthr. Res. Soc. 2014, 22, 190–196. [Google Scholar] [CrossRef] [PubMed] 

87. Peregoy, J.; Wilder, F.V. The effects of vitamin C supplementation on incident and progressive knee osteoarthritis: A longitudinal 
study. Public Health Nutr. 2011, 14, 709–715. [Google Scholar] [CrossRef] 

88. Iolascon, G.; Gimigliano, R.; Bianco, M.; De Sire, A.; Moretti, A.; Giusti, A.; Malavolta, N.; Migliaccio, S.; Migliore, A.; Napoli, N.; et 
al. Are Dietary Supplements and Nutraceuticals Effective for Musculoskeletal Health and Cognitive Function? A Scoping Review. J. 
Nutr. Health Aging. 2017, 21, 527–538. [Google Scholar] [CrossRef] [PubMed] 

89. Carr, A.C.; Vissers, M.C.; Cook, J.S. The effect of intravenous vitamin C on cancer- and chemotherapy-related fatigue and quality of 
life. Front Oncol. 2014, 4, 283. [Google Scholar] [CrossRef] 

90. IOM. Dietary Refence Intakes for Calcium and Vitamin D; The National Academies Press: Washington, DC, USA, 2011. [Google 
Scholar] 

91. Lips, P.; Cashman, K.D.; Lamberg-Allardt, C.; Bischoff-Ferrari, H.A.; Obermayer-Pietsch, B.; Bianchi, M.L.; Stepan, J.; El-Hajj 
Fuleihan, G.; Bouillon, R. Current vitamin D status in European and Middle East countries and strategies to prevent vitamin D 
deficiency: A position statement of the European Calcified Tissue Society. Eur. J. Endocrinol. 2019, 180, P23–P54. [Google Scholar] 
[CrossRef] 

92. Tetlow, L.C.; Woolley, D.E. Expression of vitamin D receptors and matrix metalloproteinases in osteoarthritic cartilage and human 
articular chondrocytes in vitro. Osteoarthr. Cartil. 2001, 9, 423–431. [Google Scholar] [CrossRef] 

https://scholar.google.com/scholar_lookup?title=Hyaluronan+inhibits+Akt,+leading+to+nuclear+factor-kappaB+down-regulation+in+lipopolysaccharide-stimulated+U937+macrophages&author=Yasuda,+T.&publication_year=2011&journal=J.+Pharmacol.+Sci.&volume=115&pages=509%E2%80%93515&doi=10.1254/jphs.10244FP
https://doi.org/10.1254/jphs.10244FP
https://scholar.google.com/scholar_lookup?title=Human+acetyl-coenzyme+A:+%CE%B1-glucosaminide+N-acetyltransferase:+Kinetic+characterization+and+mechanistic+interpretation&author=Meikle,+P.J.&author=Whittle,+A.M.&author=Hopwood,+J.J.&publication_year=1995&journal=Biochem.+J.&volume=308&pages=327%E2%80%93333&doi=10.1042/bj3080327
https://doi.org/10.1042/bj3080327
https://scholar.google.com/scholar_lookup?title=Effects+of+sodium+hyaluronate+on+experimental+osteoarthritis+in+rabbit+knee+joints&author=Han,+F.&author=Ishiguro,+N.&author=Ito,+T.&author=Sakai,+T.&author=Iwata,+H.&publication_year=1999&journal=Nagoya+Med.+Sci.&volume=62&pages=115%E2%80%93126
https://scholar.google.com/scholar_lookup?title=The+effect+of+hyaluronic+acid+and+phospholipid+based+lubricants+on+friction+within+a+human+cartilage+damage+model&author=Forsey,+R.&author=Fisher,+J.&author=Thompson,+J.&author=Stone,+M.&author=Bell,+C.&author=Ingham,+E.&publication_year=2006&journal=Biomaterials&volume=27&pages=4581%E2%80%934590&doi=10.1016/j.biomaterials.2006.04.018&pmid=16701868
https://doi.org/10.1016/j.biomaterials.2006.04.018
https://www.ncbi.nlm.nih.gov/pubmed/16701868
https://scholar.google.com/scholar_lookup?title=Intra-articular+injections+of+hyaluronan+solutions+of+different+elastoviscosity+reduce+nociceptive+nerve+activity+in+a+model+of+osteoarthritic+knee+joint+of+the+guinea+pig&author=Gomis,+A.&author=Miralles,+A.&author=Schmidt,+R.F.&author=Belmonte,+C.&publication_year=2009&journal=Osteoarthr.+Cartil.&volume=17&pages=798%E2%80%93804&doi=10.1016/j.joca.2008.11.013&pmid=19103502
https://scholar.google.com/scholar_lookup?title=Intra-articular+injections+of+hyaluronan+solutions+of+different+elastoviscosity+reduce+nociceptive+nerve+activity+in+a+model+of+osteoarthritic+knee+joint+of+the+guinea+pig&author=Gomis,+A.&author=Miralles,+A.&author=Schmidt,+R.F.&author=Belmonte,+C.&publication_year=2009&journal=Osteoarthr.+Cartil.&volume=17&pages=798%E2%80%93804&doi=10.1016/j.joca.2008.11.013&pmid=19103502
https://doi.org/10.1016/j.joca.2008.11.013
https://www.ncbi.nlm.nih.gov/pubmed/19103502
https://scholar.google.com/scholar_lookup?title=Absorption,+uptake+and+tissue+affinity+of+high-molecular-weight+hyaluronan+after+oral+administration+in+rats+and+dogs&author=Balogh,+L.&author=Polyak,+A.&author=Mathe,+D.&author=Kiraly,+R.&author=Thuroczy,+J.&author=Terez,+M.&author=Janoki,+G.&author=Ting,+Y.&author=Bucci,+L.R.&author=Schauss,+A.G.&publication_year=2008&journal=J.+Agric.+Food.+Chem.&volume=56&pages=10582%E2%80%9310593&doi=10.1021/jf8017029&pmid=18959406
https://doi.org/10.1021/jf8017029
https://www.ncbi.nlm.nih.gov/pubmed/18959406
https://scholar.google.com/scholar_lookup?title=An+effectiveness+study+of+hyaluronic+acid+(Hyabest+J)+in+the+treatment+of+osteoarthritis+of+the+knee&author=Sato,+T.&author=Iwaso,+H.&publication_year=2008&journal=J.+New+Rem.+Clin.&volume=57&pages=260%E2%80%93269
https://scholar.google.com/scholar_lookup?title=Evaluation+of+the+effects+of+a+supplementary+diet+containing+chicken+comb+extract+on+symptoms+and+cartilage+metabolism+in+patients+with+knee+osteoarthritis&author=Nagaoka,+I.&author=Nabeshima,+K.&author=Murakami,+S.&author=Yamamoto,+T.&author=Watanabe,+K.&author=Tomonaga,+A.&author=Yamaguchi,+H.&publication_year=2010&journal=Exp.+Ther.+Med.&volume=1&pages=817%E2%80%93827&doi=10.3892/etm.2010.114
https://doi.org/10.3892/etm.2010.114
https://scholar.google.com/scholar_lookup?title=An+effectiveness+study+of+hyaluronic+acid+(Hyabest+J)+in+the+treatment+of+osteoarthritis+of+the+knee+on+the+patint+in+the+United+States&author=Sato,+T.&author=Iwaso,+H.&publication_year=2009&journal=J.+New+Rem.+Clin.&volume=58&pages=551%E2%80%93558
https://scholar.google.com/scholar_lookup?title=Examination+of+the+efficacy+and+safety+of+oral+administration+of+Hyabest+J,+highly+pure+hyaluronic+acid,+for+knee+joint+pain&author=Iwaso,+H.&author=Sato,+T.&publication_year=2009&journal=J.+Jap.+Soc.+Clin.+Sports+Med.&volume=17&pages=566%E2%80%93572
https://scholar.google.com/scholar_lookup?title=Oral+administration+of+polymer+hyaluronic+acid+alleviates+symptoms+of+knee+osteoarthritis:+A+double-blind,+placebo-controlled+study+over+a+12-month+period&author=Tashiro,+T.&author=Seino,+S.&author=Sato,+T.&author=Matsuoka,+R.&author=Masuda,+Y.&author=Fukui,+N.&publication_year=2012&journal=Sci.+World+J.&volume=2012&pages=167928&doi=10.1100/2012/167928&pmid=23226979
https://scholar.google.com/scholar_lookup?title=Oral+administration+of+polymer+hyaluronic+acid+alleviates+symptoms+of+knee+osteoarthritis:+A+double-blind,+placebo-controlled+study+over+a+12-month+period&author=Tashiro,+T.&author=Seino,+S.&author=Sato,+T.&author=Matsuoka,+R.&author=Masuda,+Y.&author=Fukui,+N.&publication_year=2012&journal=Sci.+World+J.&volume=2012&pages=167928&doi=10.1100/2012/167928&pmid=23226979
https://doi.org/10.1100/2012/167928
https://www.ncbi.nlm.nih.gov/pubmed/23226979
https://scholar.google.com/scholar_lookup?title=Oral+hyaluronan+relieves+wrinkles:+A+double-blinded,+placebo-controlled+study+over+a+12-week+period&author=Oe,+M.&author=Sakai,+S.&author=Yoshida,+H.&author=Okado,+N.&author=Kaneda,+H.&author=Masuda,+Y.&author=Urushibata,+O.&publication_year=2017&journal=Clin.+Cosmet.+Investig.+Dermatol.&volume=10&pages=267%E2%80%93273&doi=10.2147/CCID.S141845
https://doi.org/10.2147/CCID.S141845
https://scholar.google.com/scholar_lookup?title=Vitamin+C+as+an+antioxidant:+Evaluation+of+its+role+in+disease+prevention&author=Padayatty,+S.J.&author=Katz,+A.&author=Wang,+Y.&author=Eck,+P.&author=Kwon,+O.&author=Lee,+J.H.&author=Chen,+S.&author=Corpe,+C.&author=Dutta,+A.&author=Dutta,+S.K.&author=et+al.&publication_year=2003&journal=J.+Am.+Coll.+Nutr.&volume=22&pages=18%E2%80%9335&doi=10.1080/07315724.2003.10719272&pmid=12569111
https://doi.org/10.1080/07315724.2003.10719272
https://www.ncbi.nlm.nih.gov/pubmed/12569111
https://scholar.google.com/scholar_lookup?title=Associations+between+dietary+antioxidants+intake+and+radiographic+knee+osteoarthritis&author=Li,+H.&author=Zeng,+C.&author=Wei,+J.&author=Yang,+T.&author=Gao,+S.G.&author=Li,+Y.S.&author=Lei,+G.H.&publication_year=2016&journal=Clin.+Rheumatol.&volume=35&pages=1585%E2%80%931592&doi=10.1007/s10067-016-3177-1
https://doi.org/10.1007/s10067-016-3177-1
https://scholar.google.com/scholar_lookup?title=Ascorbic+acid+provides+protection+for+human+chondrocytes+against+oxidative+stress&author=Chang,+Z.&author=Huo,+L.&author=Li,+P.&author=Wu,+Y.&author=Zhang,+P.&publication_year=2015&journal=Mol.+Med.+Rep.&volume=12&pages=7086%E2%80%937092&doi=10.3892/mmr.2015.4231&pmid=26300283
https://doi.org/10.3892/mmr.2015.4231
https://www.ncbi.nlm.nih.gov/pubmed/26300283
https://scholar.google.com/scholar_lookup?title=Lipid+peroxidation,+erythrocyte+antioxidants+and+plasma+antioxidants+in+osteoarthritis+before+and+after+homeopathic+treatment&author=Pinto,+S.&author=Rao,+A.V.&author=Rao,+A.&publication_year=2008&journal=Homeopathy&volume=97&pages=185%E2%80%93189&doi=10.1016/j.homp.2008.08.004&pmid=19371566
https://doi.org/10.1016/j.homp.2008.08.004
https://www.ncbi.nlm.nih.gov/pubmed/19371566
https://scholar.google.com/scholar_lookup?title=Dietary+vitamins+and+selenium+diminish+the+development+of+mechanically+induced+osteoarthritis+and+increase+the+expression+of+antioxidative+enzymes+in+the+knee+joint+of+STR/1N+mice&author=Kurz,+B.&author=Jost,+B.&author=Sch%C3%BCnke,+M.&publication_year=2002&journal=Osteoarth.+Cartil.&volume=10&pages=119%E2%80%93126&doi=10.1053/joca.2001.0489
https://scholar.google.com/scholar_lookup?title=Dietary+vitamins+and+selenium+diminish+the+development+of+mechanically+induced+osteoarthritis+and+increase+the+expression+of+antioxidative+enzymes+in+the+knee+joint+of+STR/1N+mice&author=Kurz,+B.&author=Jost,+B.&author=Sch%C3%BCnke,+M.&publication_year=2002&journal=Osteoarth.+Cartil.&volume=10&pages=119%E2%80%93126&doi=10.1053/joca.2001.0489
https://doi.org/10.1053/joca.2001.0489
https://scholar.google.com/scholar_lookup?title=Vitamins+and+arthritis%E2%80%94the+roles+of+vitamins+A,+C,+D,+and+E&author=Sowers,+M.&author=Lachance,+L.&publication_year=1999&journal=Rheum.+Dis.+Clin.+N.+Am.&volume=25&pages=315%E2%80%93332&doi=10.1016/S0889-857X(05)70070-3
https://doi.org/10.1016/S0889-857X(05)70070-3
https://scholar.google.com/scholar_lookup?title=Vitamin+C+Protects+Chondrocytes+against+Monosodium+Iodoacetate-Induced+Osteoarthritis+by+Multiple+Pathways&author=Chiu,+P.R.&author=Hu,+Y.C.&author=Huang,+T.C.&author=Hsieh,+B.-S.&author=Yeh,+J.-P.&author=Cheng,+H.-L.&author=Huang,+L.-W.&author=Chang,+K.-L.&publication_year=2016&journal=Int.+J.+Mol.+Sci.&volume=18&pages=38&doi=10.3390/ijms18010038&pmid=28035982
https://doi.org/10.3390/ijms18010038
https://www.ncbi.nlm.nih.gov/pubmed/28035982
https://scholar.google.com/scholar_lookup?title=Multicenter+Osteoarthritis+Study+Group+(MOST).+High+plasma+levels+of+vitamin+C+and+E+are+associated+with+incident+radiographic+knee+osteoarthritis&author=Chaganti,+R.K.&author=Tolstykh,+I.&author=Javaid,+M.K.&author=Neogi,+T.&author=Torner,+J.&author=Curtis,+J.&author=Jacques,+P.&author=Felson,+D.&author=Lane,+N.E.&author=Nevitt,+M.C.&publication_year=2014&journal=Osteoarthr.+Cartil.+OARS+Osteoarthr.+Res.+Soc.&volume=22&pages=190%E2%80%93196&doi=10.1016/j.joca.2013.11.008&pmid=24291351
https://doi.org/10.1016/j.joca.2013.11.008
https://www.ncbi.nlm.nih.gov/pubmed/24291351
https://scholar.google.com/scholar_lookup?title=The+effects+of+vitamin+C+supplementation+on+incident+and+progressive+knee+osteoarthritis:+A+longitudinal+study&author=Peregoy,+J.&author=Wilder,+F.V.&publication_year=2011&journal=Public+Health+Nutr.&volume=14&pages=709%E2%80%93715&doi=10.1017/S1368980010001783
https://doi.org/10.1017/S1368980010001783
https://scholar.google.com/scholar_lookup?title=Are+Dietary+Supplements+and+Nutraceuticals+Effective+for+Musculoskeletal+Health+and+Cognitive+Function?+A+Scoping+Review&author=Iolascon,+G.&author=Gimigliano,+R.&author=Bianco,+M.&author=De+Sire,+A.&author=Moretti,+A.&author=Giusti,+A.&author=Malavolta,+N.&author=Migliaccio,+S.&author=Migliore,+A.&author=Napoli,+N.&author=et+al.&publication_year=2017&journal=J.+Nutr.+Health+Aging.&volume=21&pages=527%E2%80%93538&doi=10.1007/s12603-016-0823-x&pmid=28448083
https://doi.org/10.1007/s12603-016-0823-x
https://www.ncbi.nlm.nih.gov/pubmed/28448083
https://scholar.google.com/scholar_lookup?title=The+effect+of+intravenous+vitamin+C+on+cancer-+and+chemotherapy-related+fatigue+and+quality+of+life&author=Carr,+A.C.&author=Vissers,+M.C.&author=Cook,+J.S.&publication_year=2014&journal=Front+Oncol.&volume=4&pages=283&doi=10.3389/fonc.2014.00283
https://doi.org/10.3389/fonc.2014.00283
https://scholar.google.com/scholar_lookup?title=Dietary+Refence+Intakes+for+Calcium+and+Vitamin+D&author=IOM&publication_year=2011
https://scholar.google.com/scholar_lookup?title=Dietary+Refence+Intakes+for+Calcium+and+Vitamin+D&author=IOM&publication_year=2011
https://scholar.google.com/scholar_lookup?title=Current+vitamin+D+status+in+European+and+Middle+East+countries+and+strategies+to+prevent+vitamin+D+deficiency:+A+position+statement+of+the+European+Calcified+Tissue+Society&author=Lips,+P.&author=Cashman,+K.D.&author=Lamberg-Allardt,+C.&author=Bischoff-Ferrari,+H.A.&author=Obermayer-Pietsch,+B.&author=Bianchi,+M.L.&author=Stepan,+J.&author=El-Hajj+Fuleihan,+G.&author=Bouillon,+R.&publication_year=2019&journal=Eur.+J.+Endocrinol.&volume=180&pages=P23%E2%80%93P54&doi=10.1530/EJE-18-0736
https://doi.org/10.1530/EJE-18-0736
https://scholar.google.com/scholar_lookup?title=Expression+of+vitamin+D+receptors+and+matrix+metalloproteinases+in+osteoarthritic+cartilage+and+human+articular+chondrocytes+in+vitro&author=Tetlow,+L.C.&author=Woolley,+D.E.&publication_year=2001&journal=Osteoarthr.+Cartil.&volume=9&pages=423%E2%80%93431&doi=10.1053/joca.2000.0408
https://doi.org/10.1053/joca.2000.0408


                   
SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016   ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 11 | November 2025                         - Peer Reviewed Journal 

 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |63 |  

93. Fairney, A.; Straffen, A.M.; May, C.; Seifert, M.H. Vitamin D metabolites in synovial fluid. Ann. Rheum. Dis. 1987, 46, 370–374. 
[Google Scholar] [CrossRef] [PubMed] 

94. Guillot, X.; Semerano, L.; Saidenberg-Kermanac’h, N.; Falgarone, G.; Boissier, M. Vitamin D and inflammation. Jt. Bone 
Spine 2010, 77, 552–557. [Google Scholar] [CrossRef] 

95. Orfanidou, T.; Malizos, K.N.; Varitimidis, S.; Tsezou, A. 1,25-Dihydroxyvitamin D(3) and extracellular inorganic phosphate activate 
mitogen-activated protein kinase pathway through fibroblast growth factor 23 contributing to hypertrophy and mineralization in 
osteoarthritic chondrocytes. Exp. Biol. Med. 2012, 237, 241–253. [Google Scholar] [CrossRef] 

96. Mabey, T.; Honsawek, S. Role of vitamin D in osteoarthritis: Molecular, cellular, and clinical perspectives. Int. J. 
Endocrinol. 2015, 2015, 383918. [Google Scholar] [CrossRef] [PubMed] 

97. Corrado, A.; Neve, A.; Macchiarola, A.; Gaudio, A.; Marucci, A.; Cantatore, F.P. RANKL/OPG ratio and DKK-1 expression in primary 
osteoblastic cultures from osteoarthritic and osteoporotic subjects. J. Rheumatol. 2013, 40, 684–694. [Google Scholar] [CrossRef] 
[PubMed] 

98. Giner, M.; Rios, M.J.; Montoya, M.J.; Vázquez, M.A.; Naji, L.; Pérez-Cano, R. RANKL/OPG in primary cultures of osteoblasts from 
post-menopausal women. Differences between osteoporotic hip fractures and osteoarthritis. J. Steroid Biochem. Molec. Biol. 2009, 113, 
46–51. [Google Scholar] [CrossRef] 

99. Neve, A.; Cantatore, F.P.; Corrado, A.; Gaudio, A.; Ruggieri, S.; Ribatti, D. In vitro and in vivo angiogenic activity of osteoarthritic 
and osteoporotic osteoblasts is modulated by VEGF and vitamin D3 treatment. Regul. Pep. 2013, 184, 81–84. [Google Scholar] 
[CrossRef] [PubMed] 

100. Rossini, M.; Adami, S.; Viapiana, O.; Fracassi, E.; Idolazzi, L.; Povino, M.R.; Gatti, D. Dose-dependent short-term effects of single high 
doses of oral vitamin D3 on bone turnover markers. Calcif. Tissue Intern. 2012, 91, 365–369. [Google Scholar] [CrossRef] [PubMed] 

101. Uitterlinden, A.G.; Fang, Y.; Bergink, A.P.; Van Meurs, J.B.J.; Van Leeuwen, H.P.T.M.; Pols, H.A.P. The role of vitamin D receptor 
gene polymorphisms in bone biology. Mol. Cell Endocr. 2002, 197, 15–21. [Google Scholar] [CrossRef] 

102. Keen, R.W.; Hart, D.J.; Lanchbury, J.S.; Spector, T.D. Association of early, osteoarthritis of the knee with a Taq I polymorphism of the 
vitamin D receptor gene. Arth. Rheum. 1997, 40, 1444–1449. [Google Scholar] [CrossRef] 

103. Kerkhof, H.J.M.; Lories, R.J.; Meulenbelt, I.; Jonsdottir, I.; Valdes, A.M.; Arp, P.; Ingvarsson, T.; Jhamai, M.; Jonsson, H.; Stolk, L.; et 
al. A genome-wide association study identifies an osteoarthritis susceptibility locus on chromosome 7q22. Arthritis Rheum. 2010, 62, 
499–510. [Google Scholar] [CrossRef] 

104. Manoy, P.; Yuktanandana, P.; Tanavalee, A.; Anomasiri, W.; Ngarmukos, S.; Tanpowpong, T.; Honsawek, S. Vitamin D 
Supplementation Improves Quality of Life and Physical Performance in Osteoarthritis Patients. Nutrients 2017, 9, 799. [Google 
Scholar] [CrossRef] 

105. Hunter, D.J.; Hart, D.; Snieder, H.; Bettica, P.; Swaminathan, R.; Spector, T.D. Evidence of altered bone turnover, vitamin D and 
calcium regulation with knee osteoarthritis in female twins. Rheumatology 2003, 42, 1311–1316. [Google Scholar] [CrossRef] 

106. Ding, C. Serum levels of vitamin D, sunlight exposure, and knee cartilage loss in older adults: The Tasmanian older adult cohort 
study. Arthritis Rheum. 2009, 60, 1381–1389. [Google Scholar] [CrossRef] [PubMed] 

107. Bergink, A.P.; Uitterlinden, A.G.; Van Leeuwen, J.P.; Buurman, C.J.; Hofman, A.; Verhaar, J.A.; Pols, H.A. Vitamin D status, bone 
mineral density, and the development of radiographic osteoarthritis of the knee: The Rotterdam Study. J. Clin. Rheumatol. 2009, 15, 
230–237. [Google Scholar] [CrossRef] 

108. Felson, D.T.; Niu, J.; Clancy, M.; Aliabadi, P.; Sack, B.; Guermazi, A.; Hunter, D.J.; Amin, S.; Rogers, G.; Booth, S.L. Low levels of 
vitamin D and worsening of knee osteoarthritis: Results of two longitudinal studies. Arthritis Rheum. 2007, 56, 129–136. [Google 
Scholar] [CrossRef] 

109. Haroon, M.; Bond, U.; Quillinan, N.; Phelan, M.J.; Regan, M.J. The prevalence of vitamin D deficiency in consecutive new patients 
seen over a 6-month period in general rheumatology clinics. Clin. Rheum. 2011, 30, 789–794. [Google Scholar] [CrossRef] [PubMed] 

110. Lane, N.E.; Gore, L.R.; Cummings, S.R.; Hochberg, M.C.; Scott, J.C.; Williams, E.N.; Nevitt, M.C. Serum vitamin D levels and incident 
changes of radiographic hip osteoarthritis: A longitudinal study. Study of osteoporotic fractures research group. Arthritis 
Rheum. 1999, 42, 854–860. [Google Scholar] [CrossRef] 

111. Chaganti, R.K.; Parimi, N.; Cawthon, P.; Dam, T.L.; Nevitt, M.C.; Lane, N.E. Association of 25-hydroxyvitamin D with prevalent 
osteoarthritis of the hip in elderly men: The osteoporotic fractures in men study. Arthritis Rheum. 2010, 62, 511–514. [Google Scholar] 
[CrossRef] 

112. Abu El Maaty, M.A.; Hanafi, R.S.; Badawy, S.E.; Gad, M.Z. Association of suboptimal 25-hydroxyvitamin D levels with knee 
osteoarthritis incidence in post-menopausal Egyptian women. Rheum Intern. 2013, 33, 2903–2907. [Google Scholar] [CrossRef] 

113. Heidari, B.; Heidari, P.; Hajian-Tilaki, K. Association between serum vitamin D deficiency and knee osteoarthritis. Intern. 
Orthop. 2011, 35, 1627–1631. [Google Scholar] [CrossRef] 

114. Cao, Y.; Winzenberg, T.; Nguo, K.; Lin, J.; Jones, G.; Ding, C. Association between serum levels of 25-hydroxyvitamin D and 
osteoarthritis: A systematic review. Rheumatology 2013, 52, 1323–1334. [Google Scholar] [CrossRef] 

115. Konstari, S.; Paananen, M.; Heliövaara, M.; Knekt, P.; Marniemi, P.; Impivaara, O.; Arokoski, J.; Karppinen, J. Association of 25-
hydroxyvitamin D with the incidence of knee and hip osteoarthritis: A 22-year follow-up study. Scand. J. Rheumatol. 2012, 41, 124–
131. [Google Scholar] [CrossRef] [PubMed] 

116. Konstari, S.; Kaila-Kangas, L.; Jaaskelainen, T.; Heliövaara, M.; Rissanen, H.; Marniemi, J.; Knekt, P.; Arokoski, K.; Karppinen, J. 
Serum 25-hydroxyvitamin D and the risk of knee and hip osteoarthritis leading to hospitalization: A cohort study of 5274 
Finns. Rheumatology 2014, 53, 1778–1782. [Google Scholar] [CrossRef] 

117. Laslett, L.L.; Quinn, S.; Burgess, J.R.; Parameswaran, V.; Winzenberg, T.M.; Jones, G.; Ding, C. Moderate vitamin D deficiency is 
associated with changes in knee and hip pain in older adults: A 5-year longitudinal study. Ann. Rheum. Dis. 2014, 73, 697–703. 
[Google Scholar] [CrossRef] 

https://scholar.google.com/scholar_lookup?title=Vitamin+D+metabolites+in+synovial+fluid&author=Fairney,+A.&author=Straffen,+A.M.&author=May,+C.&author=Seifert,+M.H.&publication_year=1987&journal=Ann.+Rheum.+Dis.&volume=46&pages=370%E2%80%93374&doi=10.1136/ard.46.5.370&pmid=3496056
https://doi.org/10.1136/ard.46.5.370
https://www.ncbi.nlm.nih.gov/pubmed/3496056
https://scholar.google.com/scholar_lookup?title=Vitamin+D+and+inflammation&author=Guillot,+X.&author=Semerano,+L.&author=Saidenberg-Kermanac%E2%80%99h,+N.&author=Falgarone,+G.&author=Boissier,+M.&publication_year=2010&journal=Jt.+Bone+Spine&volume=77&pages=552%E2%80%93557&doi=10.1016/j.jbspin.2010.09.018
https://doi.org/10.1016/j.jbspin.2010.09.018
https://scholar.google.com/scholar_lookup?title=1,25-Dihydroxyvitamin+D(3)+and+extracellular+inorganic+phosphate+activate+mitogen-activated+protein+kinase+pathway+through+fibroblast+growth+factor+23+contributing+to+hypertrophy+and+mineralization+in+osteoarthritic+chondrocytes&author=Orfanidou,+T.&author=Malizos,+K.N.&author=Varitimidis,+S.&author=Tsezou,+A.&publication_year=2012&journal=Exp.+Biol.+Med.&volume=237&pages=241%E2%80%93253&doi=10.1258/ebm.2011.011301
https://doi.org/10.1258/ebm.2011.011301
https://scholar.google.com/scholar_lookup?title=Role+of+vitamin+D+in+osteoarthritis:+Molecular,+cellular,+and+clinical+perspectives&author=Mabey,+T.&author=Honsawek,+S.&publication_year=2015&journal=Int.+J.+Endocrinol.&volume=2015&pages=383918&doi=10.1155/2015/383918&pmid=26229532
https://doi.org/10.1155/2015/383918
https://www.ncbi.nlm.nih.gov/pubmed/26229532
https://scholar.google.com/scholar_lookup?title=RANKL/OPG+ratio+and+DKK-1+expression+in+primary+osteoblastic+cultures+from+osteoarthritic+and+osteoporotic+subjects&author=Corrado,+A.&author=Neve,+A.&author=Macchiarola,+A.&author=Gaudio,+A.&author=Marucci,+A.&author=Cantatore,+F.P.&publication_year=2013&journal=J.+Rheumatol.&volume=40&pages=684%E2%80%93694&doi=10.3899/jrheum.120845&pmid=23457386
https://doi.org/10.3899/jrheum.120845
https://www.ncbi.nlm.nih.gov/pubmed/23457386
https://scholar.google.com/scholar_lookup?title=RANKL/OPG+in+primary+cultures+of+osteoblasts+from+post-menopausal+women.+Differences+between+osteoporotic+hip+fractures+and+osteoarthritis&author=Giner,+M.&author=Rios,+M.J.&author=Montoya,+M.J.&author=V%C3%A1zquez,+M.A.&author=Naji,+L.&author=P%C3%A9rez-Cano,+R.&publication_year=2009&journal=J.+Steroid+Biochem.+Molec.+Biol.&volume=113&pages=46%E2%80%9351&doi=10.1016/j.jsbmb.2008.11.005
https://doi.org/10.1016/j.jsbmb.2008.11.005
https://scholar.google.com/scholar_lookup?title=In+vitro+and+in+vivo+angiogenic+activity+of+osteoarthritic+and+osteoporotic+osteoblasts+is+modulated+by+VEGF+and+vitamin+D3+treatment&author=Neve,+A.&author=Cantatore,+F.P.&author=Corrado,+A.&author=Gaudio,+A.&author=Ruggieri,+S.&author=Ribatti,+D.&publication_year=2013&journal=Regul.+Pep.&volume=184&pages=81%E2%80%9384&doi=10.1016/j.regpep.2013.03.014&pmid=23500833
https://doi.org/10.1016/j.regpep.2013.03.014
https://www.ncbi.nlm.nih.gov/pubmed/23500833
https://scholar.google.com/scholar_lookup?title=Dose-dependent+short-term+effects+of+single+high+doses+of+oral+vitamin+D3+on+bone+turnover+markers&author=Rossini,+M.&author=Adami,+S.&author=Viapiana,+O.&author=Fracassi,+E.&author=Idolazzi,+L.&author=Povino,+M.R.&author=Gatti,+D.&publication_year=2012&journal=Calcif.+Tissue+Intern.&volume=91&pages=365%E2%80%93369&doi=10.1007/s00223-012-9637-y&pmid=23052222
https://doi.org/10.1007/s00223-012-9637-y
https://www.ncbi.nlm.nih.gov/pubmed/23052222
https://scholar.google.com/scholar_lookup?title=The+role+of+vitamin+D+receptor+gene+polymorphisms+in+bone+biology&author=Uitterlinden,+A.G.&author=Fang,+Y.&author=Bergink,+A.P.&author=Van+Meurs,+J.B.J.&author=Van+Leeuwen,+H.P.T.M.&author=Pols,+H.A.P.&publication_year=2002&journal=Mol.+Cell+Endocr.&volume=197&pages=15%E2%80%9321&doi=10.1016/S0303-7207(02)00274-5
https://doi.org/10.1016/S0303-7207(02)00274-5
https://scholar.google.com/scholar_lookup?title=Association+of+early,+osteoarthritis+of+the+knee+with+a+Taq+I+polymorphism+of+the+vitamin+D+receptor+gene&author=Keen,+R.W.&author=Hart,+D.J.&author=Lanchbury,+J.S.&author=Spector,+T.D.&publication_year=1997&journal=Arth.+Rheum.&volume=40&pages=1444%E2%80%931449&doi=10.1002/art.1780400812
https://doi.org/10.1002/art.1780400812
https://scholar.google.com/scholar_lookup?title=A+genome-wide+association+study+identifies+an+osteoarthritis+susceptibility+locus+on+chromosome+7q22&author=Kerkhof,+H.J.M.&author=Lories,+R.J.&author=Meulenbelt,+I.&author=Jonsdottir,+I.&author=Valdes,+A.M.&author=Arp,+P.&author=Ingvarsson,+T.&author=Jhamai,+M.&author=Jonsson,+H.&author=Stolk,+L.&author=et+al.&publication_year=2010&journal=Arthritis+Rheum.&volume=62&pages=499%E2%80%93510&doi=10.1002/art.27184
https://doi.org/10.1002/art.27184
https://scholar.google.com/scholar_lookup?title=Vitamin+D+Supplementation+Improves+Quality+of+Life+and+Physical+Performance+in+Osteoarthritis+Patients&author=Manoy,+P.&author=Yuktanandana,+P.&author=Tanavalee,+A.&author=Anomasiri,+W.&author=Ngarmukos,+S.&author=Tanpowpong,+T.&author=Honsawek,+S.&publication_year=2017&journal=Nutrients&volume=9&pages=799&doi=10.3390/nu9080799
https://scholar.google.com/scholar_lookup?title=Vitamin+D+Supplementation+Improves+Quality+of+Life+and+Physical+Performance+in+Osteoarthritis+Patients&author=Manoy,+P.&author=Yuktanandana,+P.&author=Tanavalee,+A.&author=Anomasiri,+W.&author=Ngarmukos,+S.&author=Tanpowpong,+T.&author=Honsawek,+S.&publication_year=2017&journal=Nutrients&volume=9&pages=799&doi=10.3390/nu9080799
https://doi.org/10.3390/nu9080799
https://scholar.google.com/scholar_lookup?title=Evidence+of+altered+bone+turnover,+vitamin+D+and+calcium+regulation+with+knee+osteoarthritis+in+female+twins&author=Hunter,+D.J.&author=Hart,+D.&author=Snieder,+H.&author=Bettica,+P.&author=Swaminathan,+R.&author=Spector,+T.D.&publication_year=2003&journal=Rheumatology&volume=42&pages=1311%E2%80%931316&doi=10.1093/rheumatology/keg373
https://doi.org/10.1093/rheumatology/keg373
https://scholar.google.com/scholar_lookup?title=Serum+levels+of+vitamin+D,+sunlight+exposure,+and+knee+cartilage+loss+in+older+adults:+The+Tasmanian+older+adult+cohort+study&author=Ding,+C.&publication_year=2009&journal=Arthritis+Rheum.&volume=60&pages=1381%E2%80%931389&doi=10.1002/art.24486&pmid=19404958
https://doi.org/10.1002/art.24486
https://www.ncbi.nlm.nih.gov/pubmed/19404958
https://scholar.google.com/scholar_lookup?title=Vitamin+D+status,+bone+mineral+density,+and+the+development+of+radiographic+osteoarthritis+of+the+knee:+The+Rotterdam+Study&author=Bergink,+A.P.&author=Uitterlinden,+A.G.&author=Van+Leeuwen,+J.P.&author=Buurman,+C.J.&author=Hofman,+A.&author=Verhaar,+J.A.&author=Pols,+H.A.&publication_year=2009&journal=J.+Clin.+Rheumatol.&volume=15&pages=230%E2%80%93237&doi=10.1097/RHU.0b013e3181b08f20
https://doi.org/10.1097/RHU.0b013e3181b08f20
https://scholar.google.com/scholar_lookup?title=Low+levels+of+vitamin+D+and+worsening+of+knee+osteoarthritis:+Results+of+two+longitudinal+studies&author=Felson,+D.T.&author=Niu,+J.&author=Clancy,+M.&author=Aliabadi,+P.&author=Sack,+B.&author=Guermazi,+A.&author=Hunter,+D.J.&author=Amin,+S.&author=Rogers,+G.&author=Booth,+S.L.&publication_year=2007&journal=Arthritis+Rheum.&volume=56&pages=129%E2%80%93136&doi=10.1002/art.22292
https://scholar.google.com/scholar_lookup?title=Low+levels+of+vitamin+D+and+worsening+of+knee+osteoarthritis:+Results+of+two+longitudinal+studies&author=Felson,+D.T.&author=Niu,+J.&author=Clancy,+M.&author=Aliabadi,+P.&author=Sack,+B.&author=Guermazi,+A.&author=Hunter,+D.J.&author=Amin,+S.&author=Rogers,+G.&author=Booth,+S.L.&publication_year=2007&journal=Arthritis+Rheum.&volume=56&pages=129%E2%80%93136&doi=10.1002/art.22292
https://doi.org/10.1002/art.22292
https://scholar.google.com/scholar_lookup?title=The+prevalence+of+vitamin+D+deficiency+in+consecutive+new+patients+seen+over+a+6-month+period+in+general+rheumatology+clinics&author=Haroon,+M.&author=Bond,+U.&author=Quillinan,+N.&author=Phelan,+M.J.&author=Regan,+M.J.&publication_year=2011&journal=Clin.+Rheum.&volume=30&pages=789%E2%80%93794&doi=10.1007/s10067-010-1659-0&pmid=21184246
https://doi.org/10.1007/s10067-010-1659-0
https://www.ncbi.nlm.nih.gov/pubmed/21184246
https://scholar.google.com/scholar_lookup?title=Serum+vitamin+D+levels+and+incident+changes+of+radiographic+hip+osteoarthritis:+A+longitudinal+study.+Study+of+osteoporotic+fractures+research+group&author=Lane,+N.E.&author=Gore,+L.R.&author=Cummings,+S.R.&author=Hochberg,+M.C.&author=Scott,+J.C.&author=Williams,+E.N.&author=Nevitt,+M.C.&publication_year=1999&journal=Arthritis+Rheum.&volume=42&pages=854%E2%80%93860&doi=10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
https://doi.org/10.1002/1529-0131(199905)42:5%3C854::AID-ANR3%3E3.0.CO;2-I
https://scholar.google.com/scholar_lookup?title=Association+of+25-hydroxyvitamin+D+with+prevalent+osteoarthritis+of+the+hip+in+elderly+men:+The+osteoporotic+fractures+in+men+study&author=Chaganti,+R.K.&author=Parimi,+N.&author=Cawthon,+P.&author=Dam,+T.L.&author=Nevitt,+M.C.&author=Lane,+N.E.&publication_year=2010&journal=Arthritis+Rheum.&volume=62&pages=511%E2%80%93514&doi=10.1002/art.27241
https://doi.org/10.1002/art.27241
https://scholar.google.com/scholar_lookup?title=Association+of+suboptimal+25-hydroxyvitamin+D+levels+with+knee+osteoarthritis+incidence+in+post-menopausal+Egyptian+women&author=Abu+El+Maaty,+M.A.&author=Hanafi,+R.S.&author=Badawy,+S.E.&author=Gad,+M.Z.&publication_year=2013&journal=Rheum+Intern.&volume=33&pages=2903%E2%80%932907&doi=10.1007/s00296-012-2551-9
https://doi.org/10.1007/s00296-012-2551-9
https://scholar.google.com/scholar_lookup?title=Association+between+serum+vitamin+D+deficiency+and+knee+osteoarthritis&author=Heidari,+B.&author=Heidari,+P.&author=Hajian-Tilaki,+K.&publication_year=2011&journal=Intern.+Orthop.&volume=35&pages=1627%E2%80%931631&doi=10.1007/s00264-010-1186-2
https://doi.org/10.1007/s00264-010-1186-2
https://scholar.google.com/scholar_lookup?title=Association+between+serum+levels+of+25-hydroxyvitamin+D+and+osteoarthritis:+A+systematic+review&author=Cao,+Y.&author=Winzenberg,+T.&author=Nguo,+K.&author=Lin,+J.&author=Jones,+G.&author=Ding,+C.&publication_year=2013&journal=Rheumatology&volume=52&pages=1323%E2%80%931334&doi=10.1093/rheumatology/ket132
https://doi.org/10.1093/rheumatology/ket132
https://scholar.google.com/scholar_lookup?title=Association+of+25-hydroxyvitamin+D+with+the+incidence+of+knee+and+hip+osteoarthritis:+A+22-year+follow-up+study&author=Konstari,+S.&author=Paananen,+M.&author=Heli%C3%B6vaara,+M.&author=Knekt,+P.&author=Marniemi,+P.&author=Impivaara,+O.&author=Arokoski,+J.&author=Karppinen,+J.&publication_year=2012&journal=Scand.+J.+Rheumatol.&volume=41&pages=124%E2%80%93131&doi=10.3109/03009742.2011.617314&pmid=22043944
https://doi.org/10.3109/03009742.2011.617314
https://www.ncbi.nlm.nih.gov/pubmed/22043944
https://scholar.google.com/scholar_lookup?title=Serum+25-hydroxyvitamin+D+and+the+risk+of+knee+and+hip+osteoarthritis+leading+to+hospitalization:+A+cohort+study+of+5274+Finns&author=Konstari,+S.&author=Kaila-Kangas,+L.&author=Jaaskelainen,+T.&author=Heli%C3%B6vaara,+M.&author=Rissanen,+H.&author=Marniemi,+J.&author=Knekt,+P.&author=Arokoski,+K.&author=Karppinen,+J.&publication_year=2014&journal=Rheumatology&volume=53&pages=1778%E2%80%931782&doi=10.1093/rheumatology/keu178
https://doi.org/10.1093/rheumatology/keu178
https://scholar.google.com/scholar_lookup?title=Moderate+vitamin+D+deficiency+is+associated+with+changes+in+knee+and+hip+pain+in+older+adults:+A+5-year+longitudinal+study&author=Laslett,+L.L.&author=Quinn,+S.&author=Burgess,+J.R.&author=Parameswaran,+V.&author=Winzenberg,+T.M.&author=Jones,+G.&author=Ding,+C.&publication_year=2014&journal=Ann.+Rheum.+Dis.&volume=73&pages=697%E2%80%93703&doi=10.1136/annrheumdis-2012-202831
https://doi.org/10.1136/annrheumdis-2012-202831


                   
SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016   ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 11 | November 2025                         - Peer Reviewed Journal 

 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |64 |  

118. Wang, X.; Cicuttini, F.; Jin, X.; Wluka, A.E.; Han, W.; Zhu, Z.; Blizzard, L.; Antony, B.; Winzenberg, T.; Jones, G.; et al. Knee effusion-
synovitis volume measurement and effects of vitamin D supplementation in patients with knee osteoarthritis. Osteoarthr. 
Cartil. 2017, 25, 1304–1312. [Google Scholar] [CrossRef] [PubMed] 

119. McAlindon, T.; LaValley, M.; Schneider, E.; Nuite, M.; Lee, J.Y.; Price, L.L.; Lo, G.; Dawson-Hughes, B. Effect of vitamin D 
supplementation on progression of knee pain and cartilage volume loss in patients with symptomatic osteoarthritis: A randomized 
controlled trial. J. Am. Med. Ass. 2013, 309, 155–162. [Google Scholar] [CrossRef] 

120. Muraki, S.; Dennison, E.; Jameson, K.; Boucher, B.J.; Akune, T.; Yoshimura, N.; Judge, A.; Arden, N.K.; Javaid, K.; Cooper, C. 
Association of vitamin D status with knee pain and radiographic knee osteoarthritis. Osteoarthr. Cartil. 2011, 19, 1301–1306. [Google 
Scholar] [CrossRef] 

121. Nawabi, D.H.; Chin, K.F.; Keen, R.W.; Haddad, F.S. Vitamin D deficiency in patients with osteoarthritis undergoing total hip 
replacement: A cause for concern? J. Bone Jt. Surg. Br. 2010, 92, 496–499. [Google Scholar] [CrossRef] 

122. Rizzoli, R. Vitamin D supplementation: Upper limit for safety revisited? Aging Clin. Exp. Res. 2021, 33, 19–24. [Google Scholar] 
[CrossRef] [PubMed] 

 
 

 
 

https://scholar.google.com/scholar_lookup?title=Knee+effusion-synovitis+volume+measurement+and+effects+of+vitamin+D+supplementation+in+patients+with+knee+osteoarthritis&author=Wang,+X.&author=Cicuttini,+F.&author=Jin,+X.&author=Wluka,+A.E.&author=Han,+W.&author=Zhu,+Z.&author=Blizzard,+L.&author=Antony,+B.&author=Winzenberg,+T.&author=Jones,+G.&author=et+al.&publication_year=2017&journal=Osteoarthr.+Cartil.&volume=25&pages=1304%E2%80%931312&doi=10.1016/j.joca.2017.02.804&pmid=28274889
https://doi.org/10.1016/j.joca.2017.02.804
https://www.ncbi.nlm.nih.gov/pubmed/28274889
https://scholar.google.com/scholar_lookup?title=Effect+of+vitamin+D+supplementation+on+progression+of+knee+pain+and+cartilage+volume+loss+in+patients+with+symptomatic+osteoarthritis:+A+randomized+controlled+trial&author=McAlindon,+T.&author=LaValley,+M.&author=Schneider,+E.&author=Nuite,+M.&author=Lee,+J.Y.&author=Price,+L.L.&author=Lo,+G.&author=Dawson-Hughes,+B.&publication_year=2013&journal=J.+Am.+Med.+Ass.&volume=309&pages=155%E2%80%93162&doi=10.1001/jama.2012.164487
https://doi.org/10.1001/jama.2012.164487
https://scholar.google.com/scholar_lookup?title=Association+of+vitamin+D+status+with+knee+pain+and+radiographic+knee+osteoarthritis&author=Muraki,+S.&author=Dennison,+E.&author=Jameson,+K.&author=Boucher,+B.J.&author=Akune,+T.&author=Yoshimura,+N.&author=Judge,+A.&author=Arden,+N.K.&author=Javaid,+K.&author=Cooper,+C.&publication_year=2011&journal=Osteoarthr.+Cartil.&volume=19&pages=1301%E2%80%931306&doi=10.1016/j.joca.2011.07.017
https://scholar.google.com/scholar_lookup?title=Association+of+vitamin+D+status+with+knee+pain+and+radiographic+knee+osteoarthritis&author=Muraki,+S.&author=Dennison,+E.&author=Jameson,+K.&author=Boucher,+B.J.&author=Akune,+T.&author=Yoshimura,+N.&author=Judge,+A.&author=Arden,+N.K.&author=Javaid,+K.&author=Cooper,+C.&publication_year=2011&journal=Osteoarthr.+Cartil.&volume=19&pages=1301%E2%80%931306&doi=10.1016/j.joca.2011.07.017
https://doi.org/10.1016/j.joca.2011.07.017
https://scholar.google.com/scholar_lookup?title=Vitamin+D+deficiency+in+patients+with+osteoarthritis+undergoing+total+hip+replacement:+A+cause+for+concern?&author=Nawabi,+D.H.&author=Chin,+K.F.&author=Keen,+R.W.&author=Haddad,+F.S.&publication_year=2010&journal=J.+Bone+Jt.+Surg.+Br.&volume=92&pages=496%E2%80%93499&doi=10.1302/0301-620X.92B3.23535
https://doi.org/10.1302/0301-620X.92B3.23535
https://scholar.google.com/scholar_lookup?title=Vitamin+D+supplementation:+Upper+limit+for+safety+revisited?&author=Rizzoli,+R.&publication_year=2021&journal=Aging+Clin.+Exp.+Res.&volume=33&pages=19%E2%80%9324&doi=10.1007/s40520-020-01678-x&pmid=32857334
https://doi.org/10.1007/s40520-020-01678-x
https://www.ncbi.nlm.nih.gov/pubmed/32857334

