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ABSTRACT

Objectives: This study evaluates the efficacy and safety of biological therapies in treating knee
osteoarthritis (OA), focusing on platelet-rich plasma (PRP), hyaluronic acid (HA), and stem
cell therapies.

Methods: A comprehensive review of studies from the past decade was conducted, utilizing
databases, such as PubMed, CENTRAL, Web of Science, and Embase. Keywords included
“knee OA,” “PRP,” “hyaluronic acid,” and “stem cell therapies.” A total of 67 relevant studies,
including reviews, original research, and meta-analyses, were analyzed.

Results: Biological therapies offer significant advancements in OA management. PRP
demonstrates anti-inflammatory properties and appears to enhance cartilage repair, particularly
effective in early to intermediate stages. HA improves joint lubrication and mobility, suitable
for mild to moderate OA. Stem cell therapies show promising results in cartilage regeneration
and inflammatory modulation, particularly in advanced cases. However, challenges such as
standardization, cost, and accessibility limit widespread adoption.

Discussion: PRP, HA, and stem cell therapies provide innovative approaches to knee OA
treatment, addressing pain, inflammation, and cartilage regeneration. Further research is
essential to optimize protocols and improve accessibility, ensuring personalized and effective
treatments for diverse patient populations.
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Highlights

* Biological therapies, such as PRP, HA, and stem cells provide novel therapy alternatives for knee OA by targeting
symptom alleviation and chondral regeneration.

* PRP is most efficacious in the initial stages, mitigating inflammation, and improving joint functionality.
* HA enhances joint lubrication and mobility, rendering it appropriate for mild to moderate conditions.
« Stem cell therapies demonstrate potential in cartilage regeneration, especially in advanced stages of OA.

* These medicines necessitate additional study to standardize methods and enhance accessibility for a wider patient
population.

Plain Language Summary

Knee osteoarthritis (OA) is a prevalent illness that induces pain, stiffness, and diminished mobility, substantially
impacting the quality of life (QoL) for millions globally. Conventional treatments, such as analgesics and surgical
interventions have constraints, leading to a growing interest in biological therapies designed to alleviate symptoms
and restore joint integrity. This research investigated three novel therapies: platelet-rich plasma (PRP), hyaluronic acid
(HA), and stem cells. PRP utilizes the patient’s own blood to concentrate growth factors that diminish inflammation
and facilitate cartilage healing. It is most efficacious in early stages of OA, providing analgesia and enhanced knee
functionality. HA injections enhance joint lubrication, alleviate pain and are beneficial in mild to moderate phases
of the condition. Stem cell therapies, sourced from bone marrow or adipose tissue, exhibit potential for rebuilding
damaged cartilage, rendering them attractive for advanced instances. These therapies offer renewed optimism for
patients by addressing both symptom alleviation and joint restoration. However, each has its challenges, including cost,
accessibility, and the need for more research to standardize treatment methods. As these therapies progress, they may

provide improved, more individualized alternatives for the management of knee OA.

Introduction

steoarthritis (OA) of the knee is among

the most commonly diagnosed condi-

tions of the musculoskeletal system in

adults and the elderly [1]. In 2020, 595
million individuals worldwide were afflicted with OA,
representing 7.6% of the global population, and mark-
ing a 132.2% increase in total cases since 1990. In com-
parison to 2020, the incidence of OA is anticipated to
rise by 74.9% for the knee, 48.6% for the hand, 78.6%
for the hip, and 95.1% for other forms of OA by 2050.
In 2020, the global age-standardised rate of years lived
with disability (YLDs) for total OA was 255.0 YLDs per
100000, reflecting a 9.5% increase since 1990. In adults
aged 70 years and above, OA ranked seventh among the
causes of YLDs [2]. The chronic nature of the condition,
characterized by pain, stiffness, and restricted mobility,
markedly diminishes patients’ quality of life (QoL) [3].
The rise in life expectancy and the prevalent presence
of risk factors, such as obesity and mechanical injuries,

lead to a higher incidence of individuals afflicted by this
disease [4, 5]. Obesity is a significant modifiable risk
factor as it elevates pressure on the knee joints. Mechani-
cal injuries, including ligament ruptures or intra-articular
fractures, may accelerate joint degeneration, particularly
in younger, active individuals. Aging results in dimin-
ished regenerative capacity of cartilage and alterations
in synovial fluid composition, thereby facilitating the
onset of OA symptoms. Moreover, genetic predisposi-
tions may affect the quality and functionality of articular
cartilage, necessitating further research for more precise
determination of the mechanisms by which non-coding
single nucleotide polymorphisms regulate gene expres-
sion and affect cartilage homeostasis throughout the
lifespan, including during joint development and aging
[6]. The intricate pathogenesis of OA, stemming from
cartilage degeneration and inflammatory processes in
the synovium, renders the treatment of this condition
challenging [7]. OA is a condition that causes extensive
damage to joint structures, impairing their mechanical
functions and disrupting patients’ daily activities. Char-
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acteristic alterations are degenerative processes in the ar-
ticular cartilage, which softens, becomes fibrillated, and
exhibits substantial defects [8]. This condition results in
a decrease in cartilage thickness and a deterioration of its
shock-absorbing capacity, leading to restricted mobility
and discomfort [9]. Moreover, the development of osteo-
phytes, or bone growths, as a response to alterations in
joint biomechanics, exacerbates mobility restrictions and
amplifies pain symptoms [10]. Articular cartilage under-
goes progressive degeneration. The reduction in cartilage
thickness markedly diminishes its load-bearing capacity,
resulting in heightened pressure on the subchondral bone
tissue. Sclerotization of subchondral bone tissue, caused
by excessive stress on articular cartilage, is a significant
factor in the pathogenesis of OA. It enhances the den-
sity of bone tissue, thereby diminishing its elasticity and
resulting in pain [11]. These processes are intricate and
gradual, necessitating a therapeutic strategy that consid-
ers both the prevention of progressive alterations and the
potential regeneration of injured tissues. Due to the con-
straints of conventional treatment approaches, including
pharmacotherapy and surgical procedures, biological
therapies that can both mitigate symptoms and promote
the regeneration of damaged joint structures are garner-
ing heightened interest. Nonsteroidal anti-inflammatory
drugs and glucocorticosteroids exhibit limited efficacy
and may induce adverse effects, while surgical interven-
tions like arthroplasty entail a risk of complications [12,
13]. The mechanisms of action are essential for effective
intervention and treatment optimization in patients with
this disease, facilitating improved adaptation of thera-
peutic methods to individual requirements.

Biological therapies, including the application of hy-
aluronic acid (HA) or platelet-rich plasma (PRP), seek
to mitigate the degenerative process and facilitate the
regeneration of compromised tissues. Furthermore, the
advancement of stem cell therapies presents novel treat-
ment alternatives; provide a more focused strategy for
cartilage regeneration and the modulation of inflamma-
tory processes, rendering them promising therapeutic
alternatives for OA treatment, highlighting the necessity
for additional investigation into their efficacy and safety.

This study aims to assess the efficacy and safety of
specific biological therapies for knee OA treatment. The
emphasis was on 3 therapeutic modalities: PRP, HA, and
stem cells. Their efficacy is evaluated regarding pain alle-
viation, enhancement of joint function, and regenerative
capacity. Addressing this issue is of considerable practi-
cal significance as it facilitates the selection of more ef-
fective and patient-specific therapeutic strategies.

March 2026, Volume 24, Number 1

Materials and Methods

The relevant articles published in the last 10 years
were reviewed to obtain data about the efficacy of the
biologic treatments utilized in knee OA, including PRP,
Hyaluronate acid (HA) or stem cell therapies. Articles
were collected at the beginning of December 2024
using PubMed, Cochrane Controlled Trials Register
(CENTRAL), Web of Science, and Embase databases
without limiting the type of article publication. The
following search strategy was used to optimise both
search specificity and sensitivity, with the following
key words and phrases: ‘“knee” AND “OA” OR
“osteoarthritides” OR “osteoarthr*” OR “arthrosis” OR
“degenerative arthr*” OR “knee OA” AND “Platelet
Rich Plasma” OR ‘“Plasma, Platelet-Rich” OR “PRP”
OR “Hyaluronic Acid” OR “HA” OR “Hyaluronate,
Sodium” OR “Sodium Hyalorunate* OR “Mesenchymal
stem cells” OR “MSCs” OR “Bone marrow aspirate
concentrate” OR “BAMC.” Articles unavailable in full-
text and English language were excluded.

Results

Sixty-seven articles pertained to the subject, comprising
20 review articles, 37 original research articles, and
10 meta-analyses [14-80]. Among these, 18 studies
investigated the role of inflammatory mediators and
cytokinesin OA, 25 concentrated onregenerative therapies,
including mesenchymal stem cells and PRP, and 24
assessed the efficacy and safety of viscosupplementation
using HA and other advanced biological interventions.
These research offer an in-depth comprehension of
inflammatory mechanisms, regeneration capabilities, and
the therapeutic utilization of biological therapies in the
treatment of knee OA.

Discussion
Inflammatory and regenerative mechanisms

Inflammatory processes are pivotal in the onset and ad-
vancement of knee OA, facilitating the deterioration of
articular cartilage and altering the intra-articular micro-
environment. A critical factor in the pathogenesis of OA
is an altered cytokine equilibrium favouring proinflam-
matory cytokines, which instigate a detrimental cycle
resulting in damage to cartilage and other intra-articular
structures through the activation of catabolic enzymes,
specifically matrix metalloproteinases (MMPs) and a
disintegrin and metalloproteinase with thrombospondin
motif [14].
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The most important inflammatory cytokines involve
interleukin (IL)-1, tumor necrosis factor alpha (TNFa),
IL-6, IL-15, IL-17, and IL-18 and anti-inflammatory
cytokines include IL-4, IL-10, and IL-13, interferon
(IFN)-y with regulatory cytokines IL-6 (negative regu-
lator of chondrocyte proliferation), IL-8 (regulator of
chondrocyte hypertrophy). Standard biomarkers of in-
flammation also include chemokines, adipokines, and
collagen derivatives of nitrous oxide [15]. These cyto-
kines facilitate the recruitment of inflammatory cells in
the synovium, leading to additional damage to both car-
tilage and subchondral bone tissue. Under the influence
of inflammatory cytokines, the immune system cells that
traverse to the locus of inflammation produce inflamma-
tory prostaglandin E2 (PGE2), cyclooxygenase-2, phos-
pholipase A2, nitric oxide (NO), and free radicals [16]. A
significant element of this process is the elevation in the
production of reactive oxygen species, which induces
oxidative stress and further exacerbates the deterioration
of the extracellular matrix [17]. Research findings indi-
cate that elevated levels of pro-inflammatory cytokines
in synovial fluid correlate directly with the severity of
symptoms, including pain and restricted joint mobility
[18]. Anti-inflammatory cytokines suppress the produc-
tion of inflammatory cytokines, particularly IL-18 and
TNFa, while promoting proteoglycan synthesis, prevent-
ing chondrocyte apoptosis, reducing the synthesis and
secretion of MMPs, and diminishing the degradation of
PGE?2 levels [19]. Anti-inflammatory cytokines primar-
ily influence cells activated by inflammatory cytokines,
exhibiting no substantial difference in the metabolism of
unstimulated cells. Consequently, biological therapies
that inhibit IL-1B and TNF-a signaling pathways may
serve as a crucial instrument in mitigating cartilage tis-
sue degradation in OA.

Regenerative processes are equally crucial in OA
therapy, fostering anabolic activities and mitigating cata-
bolic structural damage [20]. Mesenchymal stem cells
(MSC) possess the capacity to differentiate into chon-
drocytes, thereby facilitating the regeneration of articular
cartilage through enhanced synthesis of type II collagen
and aggrecan. MSC secrete various bioactive molecules,
including transforming growth factor (TGF)-B and vas-
cular endothelial growth factor (VEGF), which promote
anabolic processes while concurrently inhibiting the ac-
tivity of catabolic MMPs. Furthermore, their secretome,
which includes extracellular vesicles (EVs), influences
the local inflammatory milieu in the joint, diminishing
the levels of pro-inflammatory cytokines and preventing
cartilage degradation [21, 22]. Clinical studies demon-
strate that MSC administration alleviates pain and en-
hances joint function by repairing damaged cartilage and

Iranian [Zehabilitation Bournal

modulating inflammatory processes [23]. The Wnt-8
catenin pathway is crucial in regulating regenerative pro-
cesses in OA, and its modulation through biological ther-
apies presents novel therapeutic opportunities [24]. This
pathway modulates the equilibrium between anabolic
and catabolic processes in articular cartilage. Hyperac-
tivity of the pathway may result in unregulated cartilage
degeneration, highlighting the necessity for its meticu-
lous regulation. MSC can modulate the Wnt-$ catenin
pathway by enhancing the production of type II collagen
and aggrecan, thereby facilitating cartilage regeneration
[25]. Growth factors like TGF-f influence this pathway
to enhance repair mechanisms in articular cartilage. The
capacity of MSC to inhibit catabolic processes renders
them especially efficacious in the initial phases of OA,
indicating the necessity for additional research and the
standardization of their application protocols.

PRP facilitates the regeneration of joint tissues due to
the presence of growth factors like TGF- and platelet-
derived growth factor (PDGF), which expedite carti-
lage reconstruction. PRP elevates the concentration of
these growth factors at the administration site, thereby
effectively promoting chondrocyte proliferation and
proteoglycan synthesis. Growth factors in PRP, includ-
ing TGF-B, regulate anabolic processes and diminish
inflammation by inhibiting pro-inflammatory cytokine
activity [26]. The mechanism of PRP also involves aid-
ing fibroblasts and progenitor cells in the restoration of
injured joint tissues, thereby enhancing the biomechani-
cal characteristics of the joint [27]. Research indicates
that leukocyte poor PRP reduces the likelihood of ex-
cessive inflammation and is more appropriate for the
management of OA [28, 29]. Randomized controlled
trials validate the efficacy of PRP in alleviating pain and
enhancing joint function, particularly in the initial and
intermediate phases of the disease [30].

HA is a significant biological therapeutic approach
that regulates inflammatory processes and enhances
the synovial fluid milieu. HA enhances the viscosity of
synovial fluid owing to its viscoelastic characteristics,
thereby diminishing friction and augmenting joint cush-
ioning [31]. The capacity of HA to diminish the activity
of pro-inflammatory cytokines like IL-1p while concur-
rently promoting chondrocyte production of extracellu-
lar matrix underscores its significance in cartilage regen-
eration. HA viscosupplementation therapy diminishes
synovial inflammation, leading to decreased pain and
enhanced joint mobility [32].



http://irj.uswr.ac.ir/

Iranian [Ziehabilitation Bournal

Biological mechanisms in the repair of cartilage
tissue

The regeneration of cartilage tissue in the knee repre-
sents a significant challenge in the management of knee
OA. This condition results from the restricted regenera-
tive ability of cartilage, attributable to its unique struc-
ture and diminished metabolic activity. The absence of
blood vessels in cartilage tissue results in inadequate
nutrient supply and waste removal, thereby complicat-
ing the repair process following injury or degenerative
disease [33]. Furthermore, chondrocytes, the cells tasked
with synthesizing the extracellular matrix, operate in an
environment that restricts access to growth factors essen-
tial for regeneration, thereby diminishing their reparative
capabilities [34]. Growth factors, including TGF-f and
VEGEF, are essential for cartilage regeneration. TGF-3
facilitates the repair process by promoting chondrocyte
proliferation, synthesizing type II collagen and aggrecan,
and inhibiting extracellular matrix degradation. None-
theless, VEGF exhibits a more ambiguous influence.
It promotes angiogenesis in periarticular injury, yet its
overexpression can trigger catabolic processes in chon-
drocytes, rendering its precise regulation a crucial aspect
of therapy. Research utilizing VEGF inhibitors, includ-
ing vandetanib, demonstrates that the inhibition of this
factor can effectively impede degenerative processes in
the knee joint, as corroborated by animal models [35]. In
cartilage regeneration, therapies aimed at local progeni-
tor cells within the superficial layer of cartilage may yield
substantial effects. These cells, due to their capacity to
proliferate and differentiate into chondrocytes, are crucial
in the early phases of regeneration. Growth factors like
TGF-p facilitate the recruitment and activation of these
cells for tissue repair. The microstructural environment
of the joint, including synovial fluid composition, may
influence the regenerative capacity of these cells.

The use of PRP for the management of knee OA

PRP represents a novel method for addressing OA of
the knee, utilizing the inherent properties of the growth
factors present in the formulation.

PRP is a contemporary therapeutic approach for treating
degenerative knee diseases, utilizing autologous platelets
to promote tissue regeneration. PRP enhances the rheo-
logical properties of synovial fluid, augmenting its vis-
cosity and lubricating capabilities, thereby diminishing
friction between joint surfaces and mitigating further car-
tilage deterioration [36]. Growth factors present in PRP,
including PDGF and TGF-f, are essential in the regen-
eration of joint cartilage [37]. Their mechanism of action
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involves the stimulation of chondrocyte proliferation, the
production of extracellular matrix, and the regeneration of
damaged joint structures (Figure 1). An essential aspect of
PRP’s function is its influence on the equilibrium between
anabolic and catabolic processes in the knee joint. Growth
factors present in PRP, including TGF-, activate macro-
phages to inhibit catabolic activities, thereby promoting
the long-term stabilization of articular cartilage. Studies
demonstrate that PRP is especially efficacious in the ini-
tial phases of knee OA, where cartilage deterioration is
minimal, resulting in improved clinical outcomes [38].

The variability in PRP preparation protocols, encom-
passing centrifugation techniques, leukocyte composi-
tion, and activation methods, intrapersonal and inter-
personal differences in PRP composition, significantly
influences the therapeutic efficacy. PRP preparation pro-
tocols influence the concentration of growth factors and,
therefore, the efficacy of treatment [39]. Procedures for
PRP activation, such as thrombin or calcium ion applica-
tion, enhance the release of growth factors, potentially ex-
pediting cartilage tissue regeneration [40]. Furthermore,
leukocytes in PRP may induce transient inflammation,
necessitating additional investigation into the ideal for-
mulation of the preparation. Research findings also indi-
cate that leukocyte-poor PRP exhibits superior efficacy
relative to leukocyte-rich PRP, attributed to a diminished
risk of leukocyte-induced inflammation [41]. Further-
more, the assessment of the efficacy of distinct PRP types
reveals that the leukocyte-poor variant exhibits a dimin-
ished risk of adverse effects and enhanced effectiveness
in mitigating inflammation relative to leukocytogenic
PRP. The administration protocols for PRP, encompass-
ing single or multiple injections, are a crucial component
of the therapy. Multiple PRP injections may yield more
enduring therapeutic advantages than a solitary adminis-
tration, indicating the necessity for enhanced standardiza-
tion of treatment protocols [42]. It is essential to note that
the efficacy of PRP therapy is contingent upon the dis-
ease stage, necessitating the implementation of suitable
patient selection criteria. The repeated application of PRP
at designated intervals, such as weekly or monthly, yields
superior outcomes in alleviating pain and enhancing joint
functionality relative to a singular treatment. The custom-
ization of injection protocols based on the patient’s age,
disease stage, and comorbidities may substantially influ-
ence therapeutic efficacy. Repeated PRP administration
has been demonstrated to facilitate the reconstruction of
the extracellular matrix, resulting in sustained enhance-
ment of knee joint condition. The variety of protocols un-
derscores the necessity for standardization to attain con-
sistent therapeutic outcomes.
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Figure 1. Platelet Rich Plasma (PRP) Action Mechanisms

PRP is an innovative approach employed in the manage-
ment of knee OA, with its efficacy substantiated by nu-
merous scientific studies. Patients receiving intra-articular
PRP injections demonstrate a marked decrease in pain and
enhancement in joint function relative to alternative thera-
peutic approaches, including HA or placebo [43, 44]. Re-
search indicates that PRP is most advantageous in the early
and mid-stages of knee OA, rendering it more appropriate
for younger patients with less severe injuries. The benefits
of PRP are further enhanced by its excellent safety pro-
file, attributable to its autologous source. PRP possesses a
favourable safety profile owing to its autologous nature,
thereby mitigating the risk of immune responses or disease
transmission [45]. Clinical studies validate the negligible
risk of complications, including transient swelling or pain
at the injection site, thereby enhancing patient acceptance
of this therapy. This condition reduces the likelihood of
immune responses and disease transmission. This fact en-
hances the acceptance of the therapy among patients and
physicians, establishing PRP as a significant alternative in
the management of knee OA. The significant efficacy of
PRP in alleviating pain and inflammation renders it a nota-
bly advantageous alternative for patients who are intolerant
to conventional anti-inflammatory medications [46]. Al-
though there is substantial evidence supporting the efficacy
of PRP, certain studies challenge its effectiveness, suggest-
ing the potential influence of a placebo effect or inadequate
standardization in its preparation. In certain instances, no
statistically significant differences were observed between
PRP and placebo in alleviating pain and enhancing joint
function, particularly in advanced disease stages where
cartilage regeneration is constrained [47].
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Numerous clinical studies have examined the long-
term effects of PRP therapy on knee OA, concentrating
on symptom alleviation, cartilage preservation, and the
diminution of surgical intervention necessity. Studies
demonstrate that PRP therapy can offer prolonged pain
alleviation and functional enhancement for as long as 12
months following treatment. The studies indicate that
PRP injections resulted in substantial decreases in pain
and enhancements in physical function among patients
with knee OA over a 12-month duration [48]. Research
lacks consensus regarding the duration of effects from
PRP injections for knee OA. Certain studies indicate that
PRP therapy may confer advantages for up to 12 months
post-injection, yet reveal no additional benefits beyond
24 months [38].

Imaging studies have indicated that PRP treatment may
aid in the preservation of cartilage. The studies indicated
that PRP exhibited a chondroprotective effect, implying
its potential to safeguard cartilage from degeneration in
knee OA [39]. PRP has been linked to a reduced neces-
sity for total knee replacement in patients with moder-
ate OA by mitigating symptoms and maintaining joint
integrity. The studies indicated that PRP is a viable
management option for alleviating symptoms in knee
OA, potentially postponing the necessity for surgical in-
tervention [49]. The findings indicate that PRP therapy
may provide enduring advantages in the management
of knee OA, encompassing prolonged symptom allevia-
tion, cartilage preservation, and a diminished probability
of necessitating surgical procedures.
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Stem cell therapies

Amid escalating challenges associated with knee OA
treatment, stem cell therapies are emerging as a prom-
ising alternative, providing distinctive regenerative and
immunomodulatory mechanisms. It is essential to exam-
ine the origins of these cells and their mechanisms of
action intended for cartilage reconstruction, as well as to
evaluate the clinical efficacy of these approaches within
the realm of biological therapies.

Stem cells are gaining prominence as a novel approach
in the biological treatment of knee OA, primarily owing
to their regenerative capabilities and capacity to modu-
late inflammatory responses. The origin of stem cells is a
crucial factor that influences their therapeutic properties
and the accessibility of this treatment. Stem cells can be
extracted from multiple sources, including bone marrow,
adipose tissue, umbilical cord blood, or synovial mem-
brane [50]. Each source possesses distinct properties that
may influence their therapeutic efficacy. In the realm of
prospective regenerative therapies, stem cells are piv-
otal, particularly those derived from adipose tissue or
bone marrow (BM-MSC). Umbilical cord blood cells
(UC-MSC) serve as an alternative source due to their
significant regenerative capabilities and low immunoge-
nicity, enabling their application in allogeneic therapies
with minimal risk of immune rejection [51]. Clinical tri-
als have confirmed that the administration of UC-MSCs
for knee OA treatment leads to substantial enhancements

Figure 2. Mesenchymal Stem Cells (MSC) Action Mechanisms
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in joint function and alleviation of pain. Repeated ad-
ministrations of UC-MSCs resulted in superior pain al-
leviation and enhanced knee joint functionality relative
to HA therapy, thereby affirming their therapeutic effi-
cacy [52, 53]. The mechanisms of action of UC-MSCs
encompass their capacity for chondrogenic differentia-
tion and the secretion of growth factors that facilitate the
regeneration of articular cartilage by mitigating inflam-
matory processes and reconstructing the extracellular
matrix (Figure 2). The synovial membrane and synovial
fluid MSCs (sMSCs) confer significant chondrogenic
potential to cells, as evidenced by research conducted on
large animal models, which demonstrates their capac-
ity for cartilage regeneration [54]. All sources of stem
cells can differentiate into chondrocytes, facilitating the
repair of damaged tissue by enhancing the production
of type II collagen and aggrecan, essential components
of the extracellular matrix [55]. The utilization of MSC
is notably appealing owing to their facile acquisition
and substantial proliferative capacity, rendering them a
promising asset in regenerative therapy. BM-MSC, al-
though exhibiting high regenerative efficacy, are con-
strained by more invasive harvesting techniques and a
reduced quantity of accessible cells [56]. Additionally,
stem cells demonstrate a paracrine effect by releasing
bioactive factors, including cytokines and growth fac-
tors that regulate inflammatory processes and promote
the proliferation of local chondrocytes, thereby enhanc-
ing tissue regeneration. Furthermore, the existence of
bioactive elements like miRNAs and repair proteins in
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EVs facilitates cartilage tissue regeneration and miti-
gates its degradation, as evidenced by preclinical stud-
ies. The modulation of the local niche by MSCs includes
the attenuation of pro-inflammatory cytokines like IL-1p
and TNF-o, thereby mitigating symptoms of knee OA.
These mechanisms facilitate chondrocyte proliferation
and proteoglycan synthesis, resulting in enhanced integ-
rity and function of articular cartilage. Clinical trial find-
ings demonstrate that intra-articular injections of MSC
result in diminished pain and enhanced biomechanical
function of the knee joint, confirming their efficacy in
OA treatment [57].

The application of MSCs via intra-articular injections
demonstrates a distinct superiority over HA in alleviat-
ing pain and enhancing joint function, as corroborated
by clinical trials [58]. Comparative analyses indicate
that MSC provide a more enduring therapeutic effect
than HA, particularly in advanced disease stages where
conventional treatments are less efficacious. Repeated
administration of MSCs results in prolonged enhance-
ment of joint functionality, underscoring their potential
in managing chronic degenerative diseases [59]. Clini-
cal trial results concerning stem cells, specifically those
derived from adipose tissue, BM-MSC, and UC-MSC,
demonstrate their regenerative capacity and therapeu-
tic efficacy in treating knee OA. Furthermore, the ap-
plication of MSC has demonstrated enhancement in the
histological outcomes of cartilage, suggesting reversible
pathological alterations within the degenerative joint.
The capacity of these cells to proliferate and differentiate
into chondrocytes directly accounts for the therapeutic
efficacy of aMSCs, as corroborated by numerous clinical
observations [60, 61].

Viscosupplementation with HA

Viscosupplementation with HA is essential for treating
knee OA, particularly for enhancing joint function and
alleviating pain. HA is a crucial constituent of the extra-
cellular matrix in synovial fluid, essential for the optimal
functioning of the knee joint. Its presence guarantees
enhanced viscoelastic characteristics of synovial fluid,
resulting in diminished friction between cartilage sur-
faces and safeguarding the joint from mechanical stress.
HA functions as a lubricant and shock-absorbing agent
owing to its capacity to retain water and its distinctive
molecular configuration that diminishes frictional forces
[62]. Mechanical protection is especially crucial for pa-
tients with knee OA, as the gradual deterioration of carti-
lage results in pain and restricted mobility. HA facilitates
natural regenerative mechanisms in the joint by prompt-
ing chondrocytes to synthesize proteoglycans and colla-
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gen, essential for reconstructing the extracellular matrix
of cartilage (Figure 3). Research indicates that HA can
regulate the activity of degradation enzymes, including
MMPs, and pro-inflammatory cytokines, such as IL-1p
and TNF-o, thereby mitigating the destructive processes
in cartilage tissue. Simultaneously, diminishing the ac-
tivity of these cytokines mitigates additional cartilage
deterioration, facilitating enhanced equilibrium in the
joint milieu [63]. Studies have confirmed the efficacy of
HA in articular cartilage regeneration, demonstrating an
increase in proteoglycan and type II collagen synthesis,
which resulted in enhanced biomechanics of the knee
joint. HA can attach to specific receptors present in vari-
ous cells, including cluster determinant 44, intracellular
adhesion molecule-1, and the receptor for hyaluronate-
mediated motility. This binding initiates multiple intra-
cellular signalling events, including cytokine release
and activation of cell cycle proteins. The ramifications
of these interactions are to enhance cellular functional
activities, including migration and proliferation. In os-
teoarthritic joints, synovial fluid exhibits a diminished
concentration of HA compared to healthy joints; thus,
intra-articular administration of exogenous HA can re-
instate its viscoelastic characteristics [64]. In vivo and
in vitro studies have demonstrated diverse physiological
effects of exogenous HA that may oppose the mecha-
nisms implicated in OA pathogenesis [63]. Exogenous
HA can augment chondrocyte production of endogenous
HA and proteoglycans, inhibit cartilage degradation, and
facilitate its regeneration. Furthermore, it can diminish
the synthesis of proinflammatory mediators and MMPs,
as well as alleviate nerve impulses and sensitivity related
to OA pain.

The efficacy of intra-articular therapies utilizing HA,
referred to as viscosupplementation, is contingent upon
the specific preparation employed and its administration
protocols. Clinical trials on viscosupplementation in-
dicate that HA effectively alleviates pain and enhances
knee joint function in the short to medium term; how-
ever, its efficacy is inferior to other biological methods,
such as PRP [65]. The restricted efficacy of HA in ad-
vanced disease stages indicates that it should primar-
ily be utilized in the early phases of joint degeneration,
where its anti-inflammatory and lubricating attributes
may be most effective. Tailoring HA therapy to the pa-
tient’s requirements, including age, disease stage, or
physical activity level, may enhance the clinical efficacy
of this approach. Although the therapeutic effects are not
long-lasting and necessitate repeated injections at desig-
nated intervals, HA viscosupplementation demonstrates
a positive safety profile [66]. Adverse effects, including
localized swelling or discomfort at the injection site, are
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Figure 3. Hyaluronic Acid (HA) Action Mechamisms

infrequent and typically temporary, rendering this ther-
apy a secure alternative for patient’s ineligible for more
invasive interventions. HA, as a natural constituent of
synovial fluid, elicits no immune response, which con-
stitutes its primary advantage over alternative methods.
Research indicates that multiple HA injections typically
yield greater pain alleviation and enhanced joint func-
tionality than single doses [67]. The absence of standard-
ized therapeutic protocols results in variations in clinical
outcomes, underscoring the necessity to establish opti-
mal dosages and administration frequency. Moreover,
studies indicate that the integration of HA with other
biological treatments, such as PRP, may enhance its effi-
cacy, necessitating further examination within the frame-
work of combined therapies [68]. HA administration
protocols are typically based on treatment regimens of
one to three injections at weekly intervals, which allows
for maximizing therapeutic effects [69]. Differences be-
tween preparations, such as molecular weight or degree
of cross-linking, affect the duration of action and effec-
tiveness of therapy, which requires individualization of
treatment depending on the patient’s needs.

Safety and future of biological therapies

The safety of biological therapies for knee OA treat-
ment is a crucial factor in determining suitable therapeu-
tic options.

The safety profile of specific biological therapies for
knee OA is crucial as it influences the potential risk of
adverse effects and patients’ tolerance to particular treat-
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ment modalities. A meta-analysis by Meng et al. (2022)
reveals that biological therapies, while demonstrating
considerable therapeutic advantages in alleviating pain
and enhancing joint function, carry an increased risk of
side effects relative to placebo [70]. The studies indicat-
ed that the relative risk (RR) of experiencing any side ef-
fects is 1.09, while the RR for treatment discontinuation
due to these effects is 1.39. The elevated risks linked to
biologic therapies highlight the necessity for meticulous
patient selection and ongoing enhancement of proto-
cols. Nerve growth factor (NGF) inhibitors, while effec-
tive in alleviating pain, exhibit a notably elevated risk
of adverse effects, including nerve dysfunction, thereby
constraining their broad application. In contrast to NGF
inhibitors, IL-1 and TNF-o inhibitors exhibit a com-
paratively superior safety profile, potentially rendering
them more appropriate for patients necessitating treat-
ment with a diminished risk of adverse effects [71]. The
safety of PRP therapy presents certain limitations. Ac-
cording to the research conducted by Nagao et al., the
local administration of PRP may induce transient inflam-
mation due to the activation of growth factors, including
VEGF [72]. Elevated VEGEF, linked to a transient rise
in catabolic activities within chondrocytes, may result in
detrimental consequences manifesting as cartilage tissue
damage [73]. Excessively elevated levels of phosphory-
lated VEGFR2 in chondrocytes and synovial joint cells
may result in degenerative alterations of cartilage, im-
peding regeneration. Consequently, it is essential to stan-
dardize PRP preparation protocols, including the regu-
lation of growth factor concentrations such as VEGF,
to mitigate the risk of catabolic reactions in the joint.
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Furthermore, leukocyte-poor PRP may be preferable for
patients in the early stages of knee joint degeneration,
as the diminished concentration of pro-inflammatory
cytokines mitigates the risk of inflammatory responses.
Stem cell therapies possess distinct safety constraints.
In numerous cell therapies, the introduced cells swiftly
experience apoptosis, constraining their efficacy to a
transient therapeutic impact [74]. The elevated expenses
of therapy due to sophisticated cell production and stor-
age technologies pose a significant challenge. A notable
risk is the potential for aberrant differentiation of cells
into tissue types other than cartilage, which could result
in the development of fibrous tissue instead of damaged
cartilage. To mitigate these risks, innovative techniques
are being devised to enhance cell viability, including the
application of biological carriers or hydrogels that pro-
long the therapeutic efficacy of stem cells [75]. Utilizing
allogeneic stem cells, notwithstanding elevated expens-
es, may diminish the likelihood of immune rejection and
enhance therapeutic efficacy. HA is characterized by its
advantageous safety profile relative to other biological
therapies. Intra-articular injections of HA infrequently
result in adverse effects, typically confined to transient
swelling or discomfort at the injection site. Furthermore,
HA, as a natural constituent of synovial fluid, does not
elicit an immune response, rendering it a notably safe
option for patients with contraindications to more ad-
vanced therapies. The sole limitation of this therapy is its
brief duration, necessitating frequent injections, which
may be uncomfortable for certain patients. HA therapy
is especially efficacious in the early and intermediate
phases of OA, thereby enhancing its utility for mild to
moderate pain symptoms [76].

The choice of suitable biological therapy for knee OA
treatment necessitates consideration of the disease’s
progression stage. In the early phases of the disease,
PRP demonstrates significant efficacy, as substantiated
by clinical trials and MRI imaging [77]. PRP functions
mainly by regulating inflammation, thereby reducing
cartilage deterioration and facilitating its regeneration.
Consequently, in later stages of the disease, therapies uti-
lizing stem cells, such as MSC, may demonstrate greater
efficacy. Their mechanisms of action encompass regen-
erative capabilities and immunomodulatory character-
istics, facilitating the reconstruction of cartilage tissue
structures and the alleviation of inflammation [78]. HA,
as a constituent of synovial fluid, does not elicit immune
responses, rendering it suitable for individuals with au-
toimmune disorders. PRP, while effective, poses a risk of
short-term inflammation due to the activation of growth
factors like VEGF. Stem cell therapies, while promising,
may induce side effects such as aberrant cell differentia-
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tion, potentially leading to the development of fibrous
tissue instead of damaged cartilage [79]. Consequently,
when the risk of adverse effects linked to more advanced
techniques is excessively elevated, HA is advised. While
PRP and MSC therapies may provide more enduring
therapeutic outcomes, the safety of HA renders this ap-
proach especially appealing for patients with contrain-
dications to more invasive treatments. These findings
underscore the necessity of tailoring therapy selection
according to the extent of joint damage, thereby optimiz-
ing therapeutic outcomes. However, the ineffectiveness
of PRP in advanced disease stages, characterized by sig-
nificant cartilage damage, highlights the limitations of
this treatment in more severe cases.

Economic factors significantly influence therapeutic
decisions. HA is considerably less expensive than PRP
and stem cell therapies, rendering it more accessible to
patients with constrained finances or residing in coun-
tries with underfunded healthcare systems [80]. PRP,
notwithstanding elevated expenses, may yield long-term
profitability by potentially postponing the necessity for
invasive procedures like arthroplasty. Nonetheless, stem
cells, owing to the intricate procurement process and
absence of standardization, continue to be the costli-
est alternative, thereby constraining their extensive ap-
plication. Consequently, the choice to employ costlier
therapies, such as MSC, must consider their prospective
regenerative advantages and the longevity of therapeu-
tic outcomes. Nonetheless, infrastructural limitations in
underdeveloped healthcare systems may exacerbate dis-
parities in access to advanced biological therapies.

Customizing treatment according to patient attributes,
including age, physical activity level, and comorbidities,
is a crucial component of effective therapy. Patients who
are younger and more physically active exhibit superior
responses to PRP, attributable to the enhanced regenera-
tive capacity of growth factors in plasma. Women, al-
though they report pain more frequently, demonstrate
superior therapeutic outcomes following PRP treatment,
potentially attributable to hormonal disparities and their
influence on cartilage regeneration. MSC therapies may
be more appropriate for patients with advanced degener-
ative changes, particularly when conventional treatments
fail to yield anticipated outcomes. Comorbid conditions,
such as obesity or rheumatoid arthritis, may further di-
minish the efficacy of biological therapies, necessitating
a personalized patient evaluation prior to determining
the most suitable treatment approach. Dynamic modi-
fication of treatment protocols according to the body’s
response enhances therapeutic efficacy and reduces the
likelihood of adverse effects.
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Conclusion

This study underscores the significance of tailoring
therapy to accommodate the unique needs of patients,
their health status, and the progression of the disease.
This approach enables the optimal utilization of available
biological methods to enhance the QoL for patients with
knee OA. The optimism conveyed in the work regarding
the advancement of contemporary treatment method-
ologies signifies the promise of regenerative medicine,
which could transform the management of degenerative
diseases in the near future. The analysis of various bio-
logical therapies for knee OA provides a clear assessment
of the efficacy and limitations of each approach, thereby
addressing the research question concerning the extent of
clinical and functional improvement in patients undergo-
ing these treatments.

The study found that PRP treatment reduces pain and
improves knee function, especially in early degenerative
disease. PRP, rich in growth factors including TGF-f§ and
PDGF, promotes cartilage repair and reduces joint inflam-
mation. Clinical investigations have shown that PRP of-
fers long-term benefits, especially for younger patients
with mild cartilage degradation. The need to standardize
techniques, including leukocyte composition and activity,
limits the use of this treatment. PRP’s effectiveness in late
illness stages is limited, underscoring the need for a per-
sonalized treatment strategy and more advanced regen-
eration procedures. Due to their immunomodulatory and
chondrocyte-differentiating qualities, stem cell treatments
are highly regenerative. Stem cells promote cartilage re-
generation by increasing type II collagen and aggrecan
synthesis while reducing pro-inflammatory cytokines like
IL-1PB and TNF-a. The continuous improvement of carti-
lage architecture and pain relief make this therapy a prom-
ising choice for severe joint degeneration when traditional
therapies fail. Due to high prices, complicated cell separa-
tion, and aberrant cell differentiation, this treatment is dif-
ficult. Additionally, the lack of defined therapy regimens
and limited access to long-term data require more study to
improve therapeutic safety and predictability. HA is infe-
rior to PRP and stem cells in cartilage repair; nevertheless,
it is a useful treatment in early to moderate degenerative
joint disease. HA increases synovial fluid viscosity and
reduces cartilage surface friction, relieving joint discom-
fort and improving biomechanical performance. This ap-
proach has been shown to work in clinical studies, and its
natural origin and safety make it a good choice for indi-
viduals who cannot tolerate more sophisticated biological
medicines. The short duration of therapeutic benefits and
repeated injections restrict this approach, especially in
late degenerative alterations.
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Upon analyzing all three methods, it is evident that
none serves as a universal solution for all patients with
knee OA. Therapies like PRP and stem cells possess
greater regenerative potential; however, their application
necessitates additional research due to technological and
economic constraints, as well as a lack of standardiza-
tion. Consequently, HA, although less effective in re-
generation, continues to be a significant component of
the treatment strategy, particularly for patients who are
ineligible for more advanced therapies.
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