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ABSTRACT 

Osteoarthritis (OA) is a complex, multifactorial disease characterized by an imbalance in chondrocyte metabolism, which 
ultimately leads to the progressive breakdown of articular cartilage. This process results in chronic pain, joint stiffness, and 
a decline in overall joint function, severely affecting the patient’s quality of life. OA is one of the most common causes of 
disability worldwide and frequently affects weight-bearing joints like the knees, hips, and spine. While there is currently no 
effective cure for OA, treatment strategies are primarily focused on managing pain, alleviating inflammation, and improving 
joint mobility. The risk factors for developing OA are diverse and include obesity, advancing age, genetic predisposition, 
and lifestyle factors, such as physical activity levels and previous joint injuries. Diagnosis of OA is typically made through 
a combination of clinical assessment and imaging studies, with radiographic features such as joint space narrowing, 
osteophyte formation, and subchondral sclerosis serving as key indicators. Although a variety of treatments, from non-
pharmacological interventions to pharmacological therapies and surgical procedures, are utilized, a definitive, long-term cure 
for OA remains out of reach. As a result, current research is increasingly focused on potential therapies, such as mesenchymal 
stem cells, hyaluronic acid, corticosteroids, and platelet-rich plasma, which aim to promote cartilage regeneration and repair 
without significant side effects. This review examines these treatments, evaluating their mechanisms of action, efficacy, 
safety, and limitations, and highlights current clinical guidelines, as well as the risks associated with their long-term use. 
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Introduction. 

Osteoarthritis (OA) is a multifactorial disease, the main pathophysiological mechanism is indicated by 

an imbalance between chondrocyte anabolism and catabolism, manifesting in patients as chronic pain, stiffness 

and significant limitation of joint mobility, resulting in motor disability and impairment of quality of life. So 

far no effective treatment for this disease has been invented, primarily due to the limited ability of spontaneous 

cartilage regeneration  [1,2]. Factors that increase the risk of OA include obesity (the strongest factor), 

metabolic diseases, age, sex, ethnicity, genetics, nutrition, smoking, bone density, and muscle function [3,4]. 

This disease affects 30.8 million adults in the United States [5]. Diagnosis is usually based on symptoms and 

clinical examination, but X-ray imaging may help make the final diagnosis. In radiographic images of patients 

with OA, the most common features include joint space narrowing, osteophyte formation, subchondral 

sclerosis, and cysts. No causal treatment has been found so far. Current treatment is mainly based on reducing 

pain and restoring joint function. The available methods include non-pharmacological methods (exercises, 

knee sleeves, bracing, acupuncture), pharmacological methods (NSAIDs, acetaminophen, duloxetine, opioids, 

narcotic analgesics), intra-articular injections (steroids, hyaluronic acid, platelet-rich plasma, mesenchymal 

stem cells), and surgical treatment. Currently, joint arthroplasty is considered the gold standard treatment for 

OA in patients who have not responded satisfactorily to non-surgical treatment or whose worsening pain 

reduces their quality of life [4]. This review provides an overview of the mode of action, classification, 

efficacy, and safety of mesenchymal stem cells, hyaluronic acid, corticosteroids, and platelet-rich plasma in 

OA. It also examines current clinical guidance and research on their short-term benefits, limitations, and the 

risks associated with long-term use. 

 

Methods and materials 

The review of the literature in the PubMed database, with use of keywords: osteoarthritis, mesenchymal 

stem cells, hyaluronic acid, corticosteroids, platelet-rich plasma, intra-articular injections. The inclusion 

criterion was that the articles were published between 1992 and 2024 to ensure the most up-to-date knowledge. 

 

Discussion  

Mesenchymal stem cells 

Despite significant progress in both surgical and pharmacological treatment, osteoarthritis continues to 

pose a major challenge, and attaining complete and long-term remission is highly difficult. For this reason, 

mesenchymal stem cells (MSC) have become the subject of many studies and discussions in the perspective 

of becoming a promising form of therapy [1]. Is there a chance that MSCs will prove to be the most beneficial 

and safest alternative among current treatment methods? 

MSCs are pluripotent cells capable of self-renewal and differentiation into a variety of specialized cell 

types, such as neural cells, osteocytes, and chondrocytes. They have been demonstrated to help not only in 

reducing inflammation, enhancing the production of anti-inflammatory factors, and inhibiting the expression 

of inflammatory markers but also in supporting the regeneration of chondrocytes and synoviocytes. 

Additionally, they aid in biological processes like vascularization, cell proliferation, differentiation, and 

modulation of the inflammatory response [1,7]. These cells can be extracted from various tissues throughout 

the body, with distinct characteristics and properties based on their tissue origin [6]. At present, three main 

categories of cells are the subject of extensive investigation: bone marrow mesenchymal stem cells (BMSC), 

adipose-derived mesenchymal stem cells (ADMSC), and umbilical cord mesenchymal stem cells (UCMSC) 

[1]. Recent studies indicate that one of the most promising sources of MSCs is the infrapatellar fat pad, which 

exhibits significantly greater chondrogenic potential compared to cells obtained from subcutaneous fat or bone 

marrow. However, in clinical practice, the most commonly used source remains bone marrow-derived stromal 

cells [7]. Hitherto studies present somewhat conflicting results regarding the best source of stem cells. Those 

derived from adipose tissue demonstrate faster and easier expansion in culture, greater longevity, safety and 
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efficacy in improving pain compared to those from bone marrow, at the expense of a lower ability to 

differentiate into osteocartilaginous tissue [2]. Furthermore, in ADMSC therapy, the donor's age has a lesser 

effect on cell proliferation, which is a significant clinical consideration for elderly patients with osteoporosis. 

Overall, ADMSCs have a low risk of rejection. The cells are harvested through liposuction, followed by 

collagenase digestion, centrifugation, and dilution. This process yields a variety of cells, including ASCs, 

pericytes, fibroblasts, preadipocytes, vascular cells, macrophages, monocytes, and erythrocytes [7]. One of the 

newer sources of MSCs has become the human umbilical cord (UCMSC), specifically Wharton’s jelly 

mesenchymal stem cells (WJ-MSC). They offer several benefits, including cellular vitality, high efficacy, the 

ability to prevent cartilage degradation, and the suppression of proinflammatory cytokines (such as TNF-α, 

IL-1β, TNF-α-stimulated protein-6, IL-1 receptor) [6,8]. These cells have low expression of MHC class I 

molecules and do not express MHC class II molecules or the stimulatory molecules required for T lymphocyte 

activation, leading to favorable immune system tolerance. Moreover, it has been shown that a primary culture 

after only 4 weeks of expansion can already produce a satisfying amount of cells for clinical use. Another key 

factor is the method of cell collection. At present, most hospitals worldwide consider the umbilical cord as 

medical waste, and the process of collecting the cells is non-invasive. This allows for easy retrieval of high-

quality WJ-MSCs without causing harm to the donors, thus raising no ethical concerns [6]. Another advantage 

is the fact that intra-articular injections of MSCs are undoubtedly a much less invasive method compared to 

surgical procedures such as endoprosthetics, which are usually used already in the final stage of the disease, 

offering pain relief and improvement of joint function. Pharmacological treatment provides effective pain relief 

and anti-inflammatory effects, but it cannot reverse the damage or promote cell regeneration. Furthermore, it 

may cause side effects in the gastrointestinal tract, kidneys, and heart, some of which could be life-threatening 

or result in disability [7]. In recent years, biological drugs have also been gradually introduced, such as 

interleukin-1 (IL-1) receptor antagonists and adalimumab (TNF antibodies); however, the results have not been 

satisfactory. Evidence for the effectiveness of physical therapy remains ambiguous [8]. That is why MSC 

therapy seems so promising. Stem cell transplantation can be applied in both treating early-stage degenerative 

diseases and in halting disease progression [9]. Their paracrine effects, along with their anti-apoptotic and anti-

inflammatory properties, play a crucial role in the regeneration process, even in the early stages of the disease 

[7]. Another important aspect of stem cell therapy is the choice between autologous and allogenic MSCs. 

Previous studies have recognized the advantage of the former due to their high regenerative potential. 

However, it should be noted that the potential of these cells is influenced by many factors, including 

cardiovascular diseases, which very often occur as comorbidities in elderly patients exposed to degenerative 

joint disease [9]. The right dose should also be a key element of the therapy. Unfortunately, the results of 

studies conducted around the world differ. It has not yet been determined whether larger or smaller doses of 

intra-articular injections would provide better therapeutic effects. Further long-term studies are needed to prove 

and assess the effectiveness of specific doses [6,7,9]. It seems that stem cells have a promising potential to 

become a new therapy in the treatment of osteoarthritis [2]. They have many advantages, including: the 

possibility of use in all joints at the early stages of the disease, they are a minimally invasive method in the 

form of repeated injections. Nevertheless, it is crucial to develop standardized treatment protocols for this 

biological therapy, along with an individualized assessment of each patient and their specific condition, taking 

into account factors such as disease progression, the extent of joint cartilage degeneration, the affected joint, 

and patient expectations. Today, the gold standard in the treatment of osteoarthritis is still total joint 

replacement, but perhaps in the near future MSC therapy will become the safest and most effective treatment 

method for patients [1,7]. 

 

Hyaluronic acid 

Hyaluronic acid (HA) is a natural key component of the extracellular matrix, which is a polysaccharide 

from the glycosaminoglycan group [10]. The chemical structure of the components that build HA, i.e. D-

glucuronic acid and N-acetyl-D-glucosamine, includes the presence of carboxyl groups making HA 

hydrophilic and promoting the hydration of the extracellular matrix. HA is negatively charged and has viscous 

properties, thanks to which it creates a network that provides resistance to compressive forces [10,11]. Pure 

HA (HMWHA) with a molecule above 1000 kDa occurs naturally in the vitreous body and Wharton's jelly 

and has anti-inflammatory and immunosuppressive effects [12]. In synovial fluid, it acts as a lubricant, and its 

interactions with proteoglycans, such as aggrecan, stabilize the structure of the extracellular matrix [11]. It has 

also been shown that HA has been invited by the CD44 receptor mediating proliferation and proprietary 

chondrocyte function [13]. The lubrication in the joint and the augmentation of pressure in the synovial cavity 
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are also feasible due to HA attaching to PRG4 glycoprotein pertaining to synovial fluid, therefore, in OA, 

when the morphological disorganization of the cartilage occurs, PRG4 levels decrease, which appears as losing 

durability of the cartilage [14]. Administration of hyaluronic acid injected intra-articularly is called 

viscosupplementation [15]. Studies conducted on rabbits on lacerated superficial digital flexor tendon and 

chondral dysfunction show that intra-articular HA injection helps rebuild the mechanical properties of this area 

and reduces lymphocytic infiltration that diminishes inflammation, which, in the long term, causes a lower 

chance of tissue fibrosis. It will result in reduced swelling and pressure on the area and in the end reduced 

patient pain. The research had a control attempt with intra-articular administration of saliva, which did not 

provide such results [16]. The effectiveness of sodium hyaluronate, which is a representative of HA with a low 

molecular weight between 500 kDa and 1100 kDa (Hyalgan, Supparts), has shown ambiguous results - only 

half of the analyzed studies confirmed its advantage over placebo, and the effectiveness was noted after a series 

of 3 to 5 injections after 23 weeks of use. A randomized study on 369 patients with a cross-linked HA 

preparation with a mass of up to 2900 kDa (Monovisc) showed that 25% of patients achieved an analgesic 

effect after a single administration [17]. High molecular weight (6000 kDa) Hylan GF 20 (Synvisc) is a cross-

linked substance derived from rooster combs.  In a study conducted on a cohort of 1863 patients with stage IV 

osteoarthritis, intra-articular administration of Hylan GF20 delayed knee replacement surgery by 7 years in 

75% of patients. The best effects are seen at 3 and 6 months after the injection. In a study comparing Hyalgan 

(approximately 600 kDa) to Hylan GF 20 (Synvisc) (6000 kDa) after 6 months, it was shown that Hylan GF 

20 significantly reduces long-term pain, while the Hyalgan viscosupplement did not bring such improvement 

[17]. A single injection of Hylan g-f20 provides a slightly weaker symptomatic effect compared to a single 

injection of corticosteroids, although corticosteroid injection carries the risk of more serious adverse effects 

[15]. It has also been noted that cross-linked HA, therefore hydrophobic, provides similar effects to a 3-fold 

dose of a non-cross-linked preparation, assuming that both preparations have the same mass in kilodaltons. In 

a placebo-controlled study, cross-linked HA was shown to have a maximum analgesic component for up to 26 

weeks after administration [17]. 

While analyzing the effects of different types of viscosupplements, it is easily visible that the higher the 

molecular weight and degree of cross-linking of hyaluronic acid, the better its rheological properties [11]. High 

molecular weight preparations, such as Synvisc, offer fewer 

injections, a longer duration of action, and a better analgesic effect compared to lower molecular weight 

preparations [17]. In one of the meta-analyses, the efficacy of OA treatment was assessed using the VNS 

(Visual Analog Scale) and WOMAC (Western Ontario and McMaster Universities Arthritis Index) scales, 

taking into account the potency after 1, 3, 6, and 12 months. The substance with a preferable analgesic effect 

was PRP (platelet-rich plasma) compared to HA in the 6-month and 12-month follow-up periods. It was 

assessed that patients had a quicker recovery, a better analgesic effect, and the injection did not increase the 

risk of side effects [18]. 

 

Intra-articular injections of corticosteroids 

Corticosteroids act as local anti-inflammatory medications, and their effectiveness in treating 

osteoarthritis lies in modulating the functions of T and B lymphocytes by interacting with nuclear receptors, 

which interrupts the inflammatory cascade at various stages [19]. They reduce the activity and production of 

IL-1, leukotrienes, prostaglandins, and metalloproteinases, which are considered one of the mechanisms for 

alleviating pain and improving joint mobility in this condition [20]. The most commonly used preparations are 

methylprednisolone acetate and triamcinolone [21]. Corticosteroids reduce inflammation of the synovial 

membrane by lowering the levels of aggrecans, collagenases, and pro-inflammatory mononuclear factors and 

cells. Their action is complex and results in decreased blood flow in the synovial fluid and a reduction in the 

number of leukocytes, as well as the release of inflammatory mediators. Joint inflammation in knee 

osteoarthritis is associated with the progression of cartilage damage, which is why corticosteroid injections 

may slow the progression of the disease. There are two main groups of corticosteroid preparations approved 

by the FDA for intra-articular injection. They can be divided into one of two groups based on their solubility 

in water. The first group consists of water-insoluble preparations. These are ester-based preparations 

(acetonic/acetate). Their characteristic feature is slower release, the formation of microcrystalline particles, 

and longer retention at the injection site. Such substances include methylprednisolone acetate, betamethasone 

acetate, triamcinolone acetonide, triamcinolone hexacetonide, and hydrocortisone acetate. The second group 

– water-soluble preparations – consists of non-ester substances. They differ from the previous group in that 

they act quickly, do not form aggregates at the injection site, and have a shorter duration of action. Examples 
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include sodium betamethasone phosphate and sodium dexamethasone phosphate [22,23]. Currently, the most 

commonly used are triamcinolone acetonide (Kenalog) and non-crystalline methylprednisolone acetate (Depo-

Medrol) [21,24]. The recommended dose of these medications is 40 mg, and the interval between subsequent 

injections should be at least three months. The advantage in terms of frequency of use lies with triamcinolone 

acetonide due to its retention time in plasma and consequently its therapeutic effect [21]. The total absorption 

of triamcinolone acetonide (TA) from the joint lasts about three weeks, and its presence in the plasma can be 

detected after six weeks. In contrast, the extended-release triamcinolone acetonide (FX006) can maintain the 

concentration of the drug in the joint within a specific range for an extended period, with a mean residence 

time (MRT) of up to 19 days. Another advantage of this medication is its effect on glucose metabolism. It may 

be a good choice for diabetics. Due to its lower solubility in water, it can alleviate pain associated with 

degenerative disease with minimal impact on glucose levels in the body. Methylprednisolone acetate can 

significantly relieve pain in patients in the early stages of the disease. Studies show that the effectiveness of 

the injectable MPA reaches its peak after two weeks, and its effects can last up to 24 weeks [24]. Compared to 

the preparations mentioned above, the MRT of water-soluble formulations is relatively shorter. They are 

preferred for superficial injections because they are less likely to lead to the atrophy of subcutaneous fat tissue 

or skin depigmentation [21]. 

Based on the review of the guidelines "Recommendations for the Treatment of Osteoarthritis of the Hip 

and Knee," all guidelines recommend the use of corticosteroids in intra-articular injections for the knee joint. 

However, the use of corticosteroids for hip joint injections was inconsistent, with three out of four guidelines 

recommending them, one of which strongly advocated for their use [25]. Nevertheless, the scientific evidence 

regarding the effectiveness of intra-articular steroid injections is ambiguous and controversial. A recent 

Cochrane review analyzed 27 low-quality RCTs with high heterogeneity, involving a total of 1,767 patients. 

The results showed that one month after the administration of intra-articular corticosteroids (I-CS), the 

improvement in pain compared to placebo was only 1 on the VAS scale. After 13 weeks, the therapeutic 

benefits were even smaller, and the effect completely disappeared after 26 weeks. The review also utilized the 

WOMAC scale to assess functional improvement following I-CS injections. Moderate improvement was 

observed within 1-2 weeks. However, this effect diminished after 4-6 weeks and disappeared after 13 weeks 

[19]. Corticosteroid injections have no greater effect on pain than placebo after three months and may be less 

effective than physical therapy after one year [20]. According to researchers, corticosteroid injections are most 

effective for short-term treatment of joint pain and should not be administered to symptomatic joints more than 

four times a year due to the increased risk of joint cartilage destruction [21,22,24,26]. According to 

retrospective literature studies, most patients with osteoarthritis experienced mild to moderate functional 

improvement within 6 weeks after corticosteroid injection; however, after this period, patients' symptoms did 

not show significant improvement [24]. Available literature indicates that delivery injections of corticosteroids 

appear to be generally safe, with an incidence of adverse effects comparable to placebo, primarily involving 

mild and self-limiting side effects [27]. However, it is important to remember the possible complications 

associated with prolonged use. The most commonly reported adverse effects were pain at the injection site and 

exacerbation after injection [22,27]. Although pain at the injection site is often mentioned as an adverse effect, 

few studies provide its exact frequency, which appears to range from 1.3% to 6.8% of procedures. Exacerbation 

after injection refers to a local increase in inflammation and pain that develops within a few hours after the 

injection and can last from two to three days. These were reported in 2% to 25% of cases of intra-articular 

glucocorticoid injections [27]. Among other adverse effects, subcutaneous atrophy, skin depigmentation, and 

soft tissue calcifications were noted. Among the systemic adverse effects of intra-articular corticosteroid 

injections, facial flushing (related to a histamine-mediated reaction), hyperglycemia in diabetic patients, 

adrenal suppression, and menstrual disorders were mentioned [22]. One of the more serious side effects is the 

impact of injections on articular cartilage, where they alter the metabolism of the cartilage matrix, and the 

mechanical properties of articular cartilage, and lead to chondrotoxicity, which may accelerate the progression 

of osteoarthritis [22,24]. Recent studies have shown a causal relationship between high doses and prolonged 

use of corticosteroids and the development of chondrotoxicity. Therefore, for short-term symptom relief, intra-

articular corticosteroids should not be injected into symptomatic joints more than four times a year [24]. 

Furthermore, prolonged use of corticosteroids leads to osteoporosis due to bone catabolism and limited bone 

formation resulting from osteoblast dysfunction and apoptosis [22]. 
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Platelet-rich plasma ( PRP) 

Platelet-rich plasma (PRP) is the processed autologous peripheral blood with a platelet concentration 

above the baseline. In addition, PRP contains the complete complement of clotting factors and is enriched with 

growth factors (GFs), chemokines, cytokines, and other plasma proteins. The process of obtaining PRP 

involves differential centrifugation of the small volume of the patient’s blood, which separates blood 

components according to their density. Although no preferred method of PRP preparation has been established, 

two preparation techniques can be distinguished: open, in which the product is in contact with the environment, 

and closed, which is preferred due to the lack of contact between the product and the environment [28]. The 

platelet concentration in PRP is 1 407,640+/-320,100/l and 5 times higher than peripheral blood [29]. The use 

of PRP in the treatment of tissue damage leads to the achievement of supraphysiological concentrations of 

GFs. They are responsible for angiogenesis, proliferation, and maturation of chondrocytes, recruitment of stem 

cells, and inhibition of macrophages and lymphocytes. In addition, PRP creates fibrin gel, which is a scaffold 

for GFs, allowing for the controlled release of GFs in the intended area. This leads to stimulation of the healing 

cascade and accelerates the repair of damaged cartilage [30]. A summary of meta-analyses performed by Pu 

Chen and others demonstrated that, in short-term follow-up, platelet-rich plasma (PRP) intra-articular injection 

in knee osteoarthritis is more effective in decreasing pain and improving joint function than hyaluronic acid 

and placebo. The risk of additional effects was similar in PRP injection, HA injection, and placebo. Moreover, 

Pu Chen noted that in the meta-analyses published over 3 years, only one indicated similar efficacy of HA and 

PRP, while the others emphasized PRP's superiority in knee osteoarthritis [31]. The most recent systematic 

review and network meta-analysis, including 3104 participants, concluded that PRP and PRP + HA effectively 

relieved pain and improved function at 3, 6, and 12 months of follow-up. Moreover, PRP did not increase the 

risk of adverse events compared to placebo [26]. The specific amount and frequency of PRP doses in treating 

knee osteoarthritis are not specified in the literature. In clinical trials, 3 PRP injections at 1 week intervals are 

commonly used in knee osteoarthritis (KOA), whereas in ankle osteoarthritis, it is 2 injections [32,33,34].  The 

study by Bansal et.al. determined PRP with absolute counts of 10 billion platelets in a volume of 8 ml as an 

effective treatment of knee osteoarthritis, which leads to significant chondroprotection and relief of symptoms 

[35]. The biggest complication with using PRP is the lack of clear regulations regarding the formulation and 

composition of PRP intended for injection [36]. Among the available PRP preparations, we can distinguish 

leukocyte-rich PRP (LR-PRP) and leukocyte-poor PRP (LP-PRP). Romandini et al. in a double-blind 

randomized controlled trial revealed that there is no difference in safety and efficacy of the leukocyte 

concentration in PRP [37]. A similar solution was reached by Johal et al., who found in a systematic review 

and meta-analysis that leukocyte concentration, platelet concentration, or the use of an exogenous activator 

did not significantly influence the treatment effect [38]. The efficacy of PRP in hip osteoarthritis has also been 

proven in Randomized Clinical Trials. Intra-articular application of PRP in hip osteoarthritis resulted in pain 

reduction and functional improvement. Furthermore, the addition of HA to PRP was not associated with a 

better therapeutic effect [39]. In the case of ankle osteoarthritis, the effectiveness of PRP has not been proven 

in a randomized controlled trial [36]. 

 

Conclusions 

Various preparations compete for the title of the best specimen administered intra-articularly in the 

treatment of OA; however, at the same time, it is not possible to clearly determine which one will be the most 

effective. MCSs appear to be a promising approach for treating osteoarthritis, as they have the ability to 

regenerate cartilage, reduce inflammation, and promote biological processes within the joint. MSCs can be 

sourced from various tissues, with umbilical cord-derived cells being particularly noteworthy for their strong 

regenerative capabilities and immune tolerance. MSC therapy offers a less invasive option compared to 

surgical procedures and is considered safer than pharmacological treatments, which have limited tissue 

regeneration potential. Although MSCs may prove effective in clinical practice, additional studies are required 

to determine the best therapeutic protocols, dosages, and to confirm their long-term efficacy or any possible 

side effects. Currently, joint replacement remains the standard treatment, but MSC therapy may become a more 

effective alternative in the future. Studies indicate that HA supports cartilage protection by limiting 

chondrocyte apoptosis, which may translate into pain relief and restoration of basic morphological parameters 

of the joint, and thus improvement of the patient's quality of life. In turn, other analyses suggest that PRP 

brings better results in short-term improvement of joint function and also provides long-term pain relief 

compared to HA. The rheological properties of HA are greater the higher the molecular weight and degree of 

cross-linking of the acid formulation. Stabilized hyaluronic acid, i.e., one that additionally has cross-links in 
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its structure, causes the formation of a 3D matrix, which in effect slows down its degradation, prolonging its 

effect. It can therefore be concluded that intra-articular HA viscosupplementation is effective, but the analgesic 

effect is comparable to the administration of NSAIDs. Corticosteroids play a significant role in the 

management of osteoarthritis by reducing inflammation and providing short-term pain relief. Their 

mechanisms of action, including modulation of inflammatory mediators and suppression of synovial 

membrane activity, make them a widely used option for intra-articular injections. However, while 

corticosteroids offer notable benefits in alleviating symptoms, their long-term effectiveness remains 

controversial. Evidence suggests that their therapeutic effects diminish over time, and repeated use may 

contribute to cartilage damage and other systemic adverse effects. Given these concerns, corticosteroid 

injections should be administered cautiously, adhering to recommended dosing intervals to minimize risks. 

Ultimately, while they remain a valuable tool for managing osteoarthritis, their use should be balanced with 

other treatment modalities, including physical therapy and lifestyle modifications, to ensure optimal patient 

outcomes. PRP seemed to be an ideal preparation for the treatment of OA due to its autologous origin and its 

influence on the healing cascade, resulting in the repair of damaged cartilage. Despite numerous studies 

confirming the efficacy and superiority over HA of PRP in relieving pain and improving function in KOA, no 

clear guidelines can be created for using PRP in osteoarthritis. This is due to methodological errors in the 

studies conducted and the low level of evidence. Therefore, further large randomized trials are required to 

confirm the efficacy of PRP and to determine the frequency of administration, formulation, and composition 

of PRP intended for injection. The choice of the most accurate method should therefore depend on the patient's 

individual symptoms and realistic therapeutic expectations, as well as the patient's comorbidities, financial 

resources, and the availability of a specific treatment method. 

 

All authors have read and agreed with the published version of the manuscript. 

 

Funding Statement: The study did not receive special funding. 

Conflict of Interest Statement: The authors report no conflict of interests 

Funding sources: There are no sources of funding to declare. 

 

REFERENCES 

 
1. Tian, R., Su, S., Yu, Y., Liang, S., Ma, C., Jiao, Y., Xing, W., Tian, Z., Jiang, T., & Wang, J. (2024). Revolutionizing 

osteoarthritis treatment: How mesenchymal stem cells hold the key. Biomedicine & pharmacotherapy = 

Biomedecine & pharmacotherapie, 173, 116458. https://doi.org/10.1016/j.biopha.2024.116458 

2. Giorgino, R., Albano, D., Fusco, S., Peretti, G. M., Mangiavini, L., & Messina, C. (2023). Knee Osteoarthritis: 

Epidemiology, Pathogenesis, and Mesenchymal Stem Cells: What Else Is New? An Update. International journal 

of molecular sciences, 24(7), 6405. https://doi.org/10.3390/ijms24076405 

3. Litwic, A., Edwards, M. H., Dennison, E. M., & Cooper, C. (2013). Epidemiology and burden of 

osteoarthritis. British medical bulletin, 105, 185–199. https://doi.org/10.1093/bmb/lds038 

4. Abramoff, B., & Caldera, F. E. (2020). Osteoarthritis: Pathology, Diagnosis, and Treatment Options. The Medical 

clinics of North America, 104(2), 293–311. https://doi.org/10.1016/j.mcna.2019.10.007 

5. Cisternas, M. G., Murphy, L., Sacks, J. J., Solomon, D. H., Pasta, D. J., & Helmick, C. G. (2016). Alternative 

Methods for Defining Osteoarthritis and the Impact on Estimating Prevalence in a US Population-Based 

Survey. Arthritis care & research, 68(5), 574–580. https://doi.org/10.1002/acr.22721 

6. Liang, H., Suo, H., Wang, Z., & Feng, W. (2020). Progress in the treatment of osteoarthritis with umbilical cord 

stem cells. Human cell, 33(3), 470–475. https://doi.org/10.1007/s13577-020-00377-z 

7. Damia, E., Chicharro, D., Lopez, S., Cuervo, B., Rubio, M., Sopena, J. J., Vilar, J. M., & Carrillo, J. M. (2018). 

Adipose-Derived Mesenchymal Stem Cells: Are They a Good Therapeutic Strategy for 

Osteoarthritis?. International journal of molecular sciences, 19(7), 1926. https://doi.org/10.3390/ijms19071926 

8. Chen, Y., Cheng, R. J., Wu, Y., Huang, D., Li, Y., & Liu, Y. (2023). Advances in Stem Cell-Based Therapies in the 

Treatment of Osteoarthritis. International journal of molecular sciences, 25(1), 394. 

https://doi.org/10.3390/ijms25010394 

9. Bagge, J., Freude, K., Lindegaard, C., Holst, B., & Hölmich, P. (2024). Pros and cons of using autologous versus 

allogenic stem cells for the treatment of osteoarthritis. Ugeskrift for laeger, 186(1), V06230423. 

https://doi.org/10.61409/V06230423 

10. Marinho, A., Nunes, C., & Reis, S. (2021). Hyaluronic Acid: A Key Ingredient in the Therapy of 

Inflammation. Biomolecules, 11(10), 1518. https://doi.org/10.3390/biom11101518 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

11. Abatangelo, G., Vindigni, V., Avruscio, G., Pandis, L., & Brun, P. (2020). Hyaluronic Acid: Redefining Its 

Role. Cells, 9(7), 1743. https://doi.org/10.3390/cells9071743 

12. Laurent, T. C., & Fraser, J. R. (1992). Hyaluronan. FASEB journal : official publication of the Federation of 

American Societies for Experimental Biology, 6(7), 2397–2404. 

13. Moreland L. W. (2003). Intra-articular hyaluronan (hyaluronic acid) and hylans for the treatment of osteoarthritis: 

mechanisms of action. Arthritis research & therapy, 5(2), 54–67. https://doi.org/10.1186/ar623 

14. DeMoya, C. D., Joenathan, A., Lawson, T. B., Felson, D. T., Schaer, T. P., Bais, M., Albro, M. B., Mäkelä, J., 

Snyder, B. D., & Grinstaff, M. W. (2024). Advances in viscosupplementation and tribosupplementation for early-

stage osteoarthritis therapy. Nature reviews. Rheumatology, 20(7), 432–451. https://doi.org/10.1038/s41584-024-

01125-5 

15. Peck, J., Slovek, A., Miro, P., Vij, N., Traube, B., Lee, C., Berger, A. A., Kassem, H., Kaye, A. D., Sherman, W. F., 

& Abd-Elsayed, A. (2021). A Comprehensive Review of Viscosupplementation in Osteoarthritis of the 

Knee. Orthopedic reviews, 13(2), 25549. https://doi.org/10.52965/001c.25549 

16. Neuman, M. G., Nanau, R. M., Oruña-Sanchez, L., & Coto, G. (2015). Hyaluronic acid and wound healing. Journal 

of pharmacy & pharmaceutical sciences : a publication of the Canadian Society for Pharmaceutical Sciences, 

Societe canadienne des sciences pharmaceutiques, 18(1), 53–60. https://doi.org/10.18433/j3k89d 

17. Webner, D., Huang, Y., & Hummer, C. D., 3rd (2021). Intraarticular Hyaluronic Acid Preparations for Knee 

Osteoarthritis: Are Some Better Than Others?. Cartilage, 13(1_suppl), 1619S–1636S. 

https://doi.org/10.1177/19476035211017320 

18. Tang, J. Z., Nie, M. J., Zhao, J. Z., Zhang, G. C., Zhang, Q., & Wang, B. (2020). Platelet-rich plasma versus 

hyaluronic acid in the treatment of knee osteoarthritis: a meta-analysis. Journal of orthopaedic surgery and 

research, 15(1), 403. https://doi.org/10.1186/s13018-020-01919-9 

19. Billesberger, L. M., Fisher, K. M., Qadri, Y. J., & Boortz-Marx, R. L. (2020). Procedural Treatments for Knee 

Osteoarthritis: A Review of Current Injectable Therapies. Pain research & management, 2020, 3873098. 

https://doi.org/10.1155/2020/3873098 

20. Katz, J. N., Arant, K. R., & Loeser, R. F. (2021). Diagnosis and Treatment of Hip and Knee Osteoarthritis: A 

Review. JAMA, 325(6), 568–578. https://doi.org/10.1001/jama.2020.22171 

21. Testa, G., Giardina, S. M. C., Culmone, A., Vescio, A., Turchetta, M., Cannavò, S., & Pavone, V. (2021). Intra-

Articular Injections in Knee Osteoarthritis: A Review of Literature. Journal of functional morphology and 

kinesiology, 6(1), 15. https://doi.org/10.3390/jfmk6010015 

22. Derwich, M., Mitus-Kenig, M., & Pawlowska, E. (2021). Mechanisms of Action and Efficacy of Hyaluronic Acid, 

Corticosteroids and Platelet-Rich Plasma in the Treatment of Temporomandibular Joint Osteoarthritis-A Systematic 

Review. International journal of molecular sciences, 22(14), 7405. https://doi.org/10.3390/ijms22147405 

23. Mora, J. C., Przkora, R., & Cruz-Almeida, Y. (2018). Knee osteoarthritis: pathophysiology and current treatment 

modalities. Journal of pain research, 11, 2189–2196. https://doi.org/10.2147/JPR.S154002 

24. Zhang, Y., Chen, X., Tong, Y., Luo, J., & Bi, Q. (2020). Development and Prospect of Intra-Articular Injection in 

the Treatment of Osteoarthritis: A Review. Journal of pain research, 13, 1941–1955. 

https://doi.org/10.2147/JPR.S260878 

25. Gibbs, A. J., Gray, B., Wallis, J. A., Taylor, N. F., Kemp, J. L., Hunter, D. J., & Barton, C. J. (2023). 

Recommendations for the management of hip and knee osteoarthritis: A systematic review of clinical practice 

guidelines. Osteoarthritis and cartilage, 31(10), 1280–1292. https://doi.org/10.1016/j.joca.2023.05.015 

26. Qiao, X., Yan, L., Feng, Y., Li, X., Zhang, K., Lv, Z., Xu, C., Zhao, S., Liu, F., Yang, X., & Tian, Z. (2023). Efficacy 

and safety of corticosteroids, hyaluronic acid, and PRP and combination therapy for knee osteoarthritis: a systematic 

review and network meta-analysis. BMC musculoskeletal disorders, 24(1), 926. https://doi.org/10.1186/s12891-

023-06925-6 

27. Duarte-Monteiro, A. M., Dourado, E., Fonseca, J. E., & Saraiva, F. (2023). Safety of intra-articular glucocorticoid 

injections - state of the art. Safety of intra-articular glucocorticoid injections – state of the art. ARP 

rheumatology, 2(1), 64–73. 

28. Alves, R., & Grimalt, R. (2018). A Review of Platelet-Rich Plasma: History, Biology, Mechanism of Action, and 

Classification. Skin appendage disorders, 4(1), 18–24. https://doi.org/10.1159/000477353 

29. Weibrich, G., Kleis, W. K., Hafner, G., & Hitzler, W. E. (2002). Growth factor levels in platelet-rich plasma and 

correlations with donor age, sex, and platelet count. Journal of cranio-maxillo-facial surgery : official publication 

of the European Association for Cranio-Maxillo-Facial Surgery, 30(2), 97–102. 

https://doi.org/10.1054/jcms.2002.0285 

30. Collins, T., Alexander, D., & Barkatali, B. (2021). Platelet-rich plasma: a narrative review. EFORT open 

reviews, 6(4), 225–235. https://doi.org/10.1302/2058-5241.6.200017 

31. Chen, P., Huang, L., Ma, Y., Zhang, D., Zhang, X., Zhou, J., Ruan, A., & Wang, Q. (2019). Intra-articular platelet-

rich plasma injection for knee osteoarthritis: a summary of meta-analyses. Journal of orthopaedic surgery and 

research, 14(1), 385. https://doi.org/10.1186/s13018-019-1363-y 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 9 

 

32. Paget, L. D. A., Reurink, G., de Vos, R. J., Weir, A., Moen, M. H., Bierma-Zeinstra, S. M. A., Stufkens, S. A. S., 

Kerkhoffs, G. M. M. J., Tol, J. L., & PRIMA Study Group (2021). Effect of Platelet-Rich Plasma Injections vs 

Placebo on Ankle Symptoms and Function in Patients With Ankle Osteoarthritis: A Randomized Clinical 

Trial. JAMA, 326(16), 1595–1605. https://doi.org/10.1001/jama.2021.16602 

33. Zhuang, W., Li, T., Li, Y., Zhang, Y., Gao, J., Wang, X., Ding, Q., & Li, W. (2024). The varying clinical 

effectiveness of single, three and five intraarticular injections of platelet-rich plasma in knee osteoarthritis. Journal 

of orthopaedic surgery and research, 19(1), 284. https://doi.org/10.1186/s13018-024-04736-6 

34. Bennell, K. L., Paterson, K. L., Metcalf, B. R., Duong, V., Eyles, J., Kasza, J., Wang, Y., Cicuttini, F., Buchbinder, 

R., Forbes, A., Harris, A., Yu, S. P., Connell, D., Linklater, J., Wang, B. H., Oo, W. M., & Hunter, D. J. (2021). 

Effect of Intra-articular Platelet-Rich Plasma vs Placebo Injection on Pain and Medial Tibial Cartilage Volume in 

Patients With Knee Osteoarthritis: The RESTORE Randomized Clinical Trial. JAMA, 326(20), 2021–2030. 

https://doi.org/10.1001/jama.2021.19415 

35. Bansal, H., Leon, J., Pont, J. L., Wilson, D. A., Bansal, A., Agarwal, D., & Preoteasa, I. (2021). Platelet-rich plasma 

(PRP) in osteoarthritis (OA) knee: Correct dose critical for long term clinical efficacy. Scientific reports, 11(1), 

3971. https://doi.org/10.1038/s41598-021-83025-2 

36. Everts, P., Onishi, K., Jayaram, P., Lana, J. F., & Mautner, K. (2020). Platelet-Rich Plasma: New Performance 

Understandings and Therapeutic Considerations in 2020. International journal of molecular sciences, 21(20), 7794. 

https://doi.org/10.3390/ijms21207794 

37. Romandini, I., Boffa, A., Di Martino, A., Andriolo, L., Cenacchi, A., Sangiorgi, E., Orazi, S., Pizzuti, V., Zaffagnini, 

S., & Filardo, G. (2024). Leukocytes Do Not Influence the Safety and Efficacy of Platelet-Rich Plasma Injections 

for the Treatment of Knee Osteoarthritis: A Double-Blind Randomized Controlled Trial. The American journal of 

sports medicine, 52(13), 3212–3222. https://doi.org/10.1177/03635465241283500 

38. Johal, H., Khan, M., Yung, S. P., Dhillon, M. S., Fu, F. H., Bedi, A., & Bhandari, M. (2019). Impact of Platelet-

Rich Plasma Use on Pain in Orthopaedic Surgery: A Systematic Review and Meta-analysis. Sports health, 11(4), 

355–366. https://doi.org/10.1177/1941738119834972 

39. Nouri, F., Babaee, M., Peydayesh, P., Esmaily, H., & Raeissadat, S. A. (2022). Comparison between the effects of 

ultrasound guided intra-articular injections of platelet-rich plasma (PRP), high molecular weight hyaluronic acid, 

and their combination in hip osteoarthritis: a randomized clinical trial. BMC musculoskeletal disorders, 23(1), 856. 

https://doi.org/10.1186/s12891-022-05787-8 


