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Abstract

Purpose of Review Hip osteoarthritis constitutes a prevalent condition among individuals aged 55 and above, serving as one
of the primary triggers for joint discomfort and impairment, and marking a substantial origin of chronic pain particularly
affecting the elderly population. Our article provides an exhaustive summary of the mechanisms of action, therapeutic effi-
cacy, and potential adverse consequences associated with novel therapeutic modalities including glucocorticoids, hyaluronic
acid, platelet-rich plasma, mesenchymal stem cells, and stromal vascular fraction. Concurrently, we conducted a compre-
hensive evaluation of the clinical efficacy and potential applications of various medications.

Recent Findings In comparison to physical therapy, oral analgesics, and other nonsurgical modalities, intra-articular injec-
tion therapy is characterized by enhanced safety and greater efficacy. Moreover, when contrasted with surgical intervention,
intra-articular injection demonstrates a lower degree of invasiveness and incurs fewer adverse reactions.

Summary Intra-articular treatments have shown excellent local efficacy while significantly minimizing adverse reactions
in patients. These methods hold significant potential for development but require comprehensive research and thorough
discussion within the academic community.

Keywords Hip osteoarthritis - Intra-articular injection - Treatment - Prospect

Introduction

Osteoarthritis (OA) is a common degenerative joint disorder
that affects millions of individuals globally, with a higher
incidence among women. Approximately 300 million peo-
ple are living with OA, and 242 million individuals experi-
ence pain due to hip/knee OA [1]. The incidence of OA is
increasing with the number of elderly and obese individuals.
OA destroys chondrocytes through inflammatory cytokines,
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metalloproteinases, and mechanical stress, narrowing joint
space and forming osteophytes and subchondral cysts. OA
is characterized by progressive degeneration of the articular
cartilage, joint inflammation, and changes in the surround-
ing structure, resulting in joint pain, stiffness of joints, and
functional limitations. Finally, it reduces the quality of life of
patients, negatively affecting their psychological and social
well-being [2-5].

Genetics, gender, mechanical stress, and past trauma
are the primary factors that lead to OA development, and
the weight-bearing joints of the body are often the first to
be affected. Hip OA (HOA) is highly common among the
elderly, and it is the most common form of OA after knee
OA (KOA). Pain and dysfunction of the hip joint are the
primary clinical manifestations and the common presenting
complaints of patients during hospital visits [6, 7]. HOA
progresses through the gradual loss of femoral acetabular
cartilage, resulting in inflammation, a narrowing of the hip
space, relaxation of the ligaments surrounding the joint, and
muscle weakness [8, 9]. The loss of structural integrity of
the extracellular matrix of articular cartilage is primarily due
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to aggrecan and collagen degradation, the two main proteins
in the extracellular matrix of articular cartilage. Disintegrin
and metalloproteinase with thrombospondin motifs are spe-
cific enzymes that contain aggrecanase activity and degrade
aggrecan molecules. Matrix metallo- proteinases (MMPs)
degrade collagen. The increased degradation and decreased
synthesis of the matrix of articular chondrocytes precisely
result in the irreversible destruction of articular cartilage,
leading to OA.

HOA has been treated with different strategies. Con-
servative and surgical ap proachesare the mainstay treat-
ment methods. Total hip arthroplasty is a prevalent surgical
approach for HOA treatment. However, numerous postopera-
tive complications often lead to suboptimal outcomes among
patients. Furthermore, surgical interventions are frequently
regarded as a last resort in the advanced stages of the dis-
ease. Conservative therapy is the preferred treatment option
for HOA, according to the guidelines of the Osteoarthritis
Society International and the National Institute for Health
and Care Excellence. Non-surgical treatment is essential
during the initial and intermediate phases of HOA [10]. The
non-surgical treatments include fundamental physical ther-
apy, oral non-steroidal anti-inflammatory drugs (NSAIDs),
platelet-rich plasma (PRP), hyaluronic acid (HA), and corti-
costeroids (CS) [11]. Physical therapy aims to enhance bio-
mechanics by diminishing the mechanical pressure imposed
on the articular cartilage. This will slow the progression of
hip OA, increase the range of motion of the hip, and alleviate
pain while improving functionality [12—14]. Oral drug ther-
apy includes NSAIDs and selective COX-2 inhibitors, which
are medications known for their potent analgesic properties
[15]. However, these systemically acting drugs are restricted
among the elderly with OA due to the associated increased
risk of cardiovascular, renal, and gastrointestinal adverse
effects. Despite the reduced systemic side effects of topi-
cal NSAIDs and COX-2 inhibitors, their bioavailability is
an unavoidable issue in clinical practice [16]. Therefore,
intra-articular injection with an appropriate therapeutic dose
may be a more effective mode of drug administration. It is a
promising therapy that is essential in OA treatment because
it is reliable and safe, can effectively improve the effect of
local treatment, and can ameliorate systemic adverse reac-
tions. Intra-articular injection has progressively emerged as
the primary focus of clinicians. As a new treatment modal-
ity capable of delivering therapeutic agents directly and
promptly to the target joint, it provides additional treatment
options for healthcare professionals. Intra-articular injec-
tion of the corticosteroid is the sole intra-articular injec-
tion method recommended by the National Cancer Institute.
Some studies have associated rapidly progressing OA with
potentially severe complications, thus serving as an auxiliary
to the primary treatment [17, 18]. Intra-articular injection
is a promising intervention crucial in HOA management
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when administered at the appropriate therapeutic dosage.
This method demonstrates high safety and reduces systemic
adverse reactions by effectively enhancing local treatment
efficacy [19, 20].

This review examines various treatment approaches for
HOA, including CS, HA, PRP, mesenchymal stem cells
(MSCs), stromal vascular fraction (SVF) and so on. Herein,
we reviewed the most recent advancements, modes of action,
and adverse effects of these therapies. After evaluating our
findings, we summarized the assessment of the potential and
value of intra-articular injections in HOA management.

Corticosteroids (CS)

Although osteoarthritis is a degenerative joint disease, a
spectrum of inflammatory factors is produced during cer-
tain stages of it’s progression. This furnishes an empirical
and dependable theoretical foundation for the therapeutic
management of hip osteoarthritis by intra-articular injec-
tions of the corticosteroids. It is widely recognized that
corticosteroids serve as prevalent local anti-inflammatory
agents in clinical settings, effectively combating the inflam-
matory progression of HOA by modulating the immune
function of T cells and B cells [21]. Moreover, according
to the most recent international standards, it is advised that
patients afflicted with moderate to severe HOA be admin-
istered with intra-articular corticosteroid injections by
medical professionals [22]. Specifically, in scenarios where
oral non-steroidal anti-inflammatory drugs (NSAIDs) are
contraindicated or ineffective, intra-articular injections of
corticosteroids have been demonstrated to be efficacious in
alleviating pain, with therapeutic effects often persisting for
several weeks [23].

In contrast to natural CS, synthetic CS exhibits more sig-
nificant anti-inflammatory action. They are predominantly
categorized into crystalline and amorphous CS, and they
typically require concurrent local anesthetic administration
during the injection process. Crystalline triamcinolone (TA)
and non-crystalline methylprednisolone acetate (MPA) are
predominantly administered in clinical settings [19].

TA exhibits lower water solubility than methylpredni-
solone, constituting one of the least soluble injectable CS.
Therefore, it is a more appropriate choice for patients with
diabetes who are concerned about potential post-injection
increases in blood sugar levels [24]. Previous studies have
reported that TA requires approximately three weeks for
absorption into the joints and up to six weeks for plasma
detection. This indicates that TA has a relatively extended
retention period and absorption rate that is relatively rapid
within the body [25]. The mean retention time (MRT) of TA
ranges from 2.5 to 4.3 days. The MRT of the medication var-
ies based on the modification of the dosage. TA extended-
release (TA-ER), a formulation based on microsphere
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technology, has been approved by the US Food and Drug
Administration (FDA) for managing OA-related painful
symptoms through intra-articular injection. TA acetonide
extended-release (FX006) can effectively maintain a sta-
ble drug concentration within the joint, with an MRT of
approximately 19 days [26]. In a randomized, controlled,
open-label, single-dose clinical trial, Alan reported that
intra-articular injections of TA-ER formulations are effica-
cious in alleviating pain and are safe among patients with
HOA [27]. When betamethasone disodium phosphate com-
bined with betamethasone acetate is administered, beta-
methasone diminishes the MRT to approximately 2.8 days.
MPA induces a substantial alleviation of pain symptoms in
the initial phase of treatment. Peer-reviewed studies reported
that the therapeutic efficacy of intra-articular- administered
MPA injection reaches its peak approximately two weeks
post-injection, with the palliative effects enduring up to
24 weeks [28]. The latest study reported that MPA can be
retained within the human system for up to three months,
potentially extending to an even longer period [29].
Previous studies have confirmed that intra-articular CS
injections are efficacious in alleviating clinical symptoms
for patients in the early stages of OA (Table 1). In 2007,
Gibson demonstrated that hip injections possess therapeutic
benefits and contribute to diagnosing the associated condi-
tion [30]. In a randomized, controlled, double-anony- mized
clinical trial, Dorleijn reported that CS was efficacious in
alleviating the pain associated with HOA and enhanced the
hip mobility of patients [31]. The effects of CS extended for
up to 12 weeks. A recent 2023 study proposed that intra-
articular injection is an essential intervention in the conserv-
ative management regimen for symptomatic HOA [32]. This
relie son the ability of intra-articular injections to alleviate
pain effectively, increase range of motion, support patient
ambulation, and reduce reliance on analgesic medications.
However, symptom alleviation in cases of HOA was not
long-lasting, without substantial benefits observed beyond
six months. Additionally, a subset of patients exhibited mild
adverse reactions following injection therapy [33]. Previous
studies support the notion that the gene expression profile of
chondrocytes can be altered due to the prolonged administra-
tion of glucocorticoids, which can increase oxidative stress.
These modifications can accelerate HOA progression by
precipitating chondrotoxicity and generating additional det-
rimental effects [34]. Wernecke demonstrated a causal rela-
tionship between the administration of high-dose, long-term
CS and the onset of chondrotoxicity to a certain extent [35].
Therefore, up to four intra-articular corticosteroid injections
should be administered annually to symptomatic joints [36].
Previous studies have demonstrated that injections of intra-
articular CS provide modest and transient pain alleviation.
Consequently, it is imperative for medical professionals, par-
ticularly surgeons, to exercise judicious skepticism regarding

the long-term viability of this treatment modality within the
context of future pharmaceutical interventions and its scope
for advancement.

Hyaluronic Acid(HA)

HA is an efficacious alternative that clinicians frequently
choose for HOA management in addition to CS administra-
tion into the joint cavity. f-Glucuronide and fB-acetylglu-
cosamine are the primary components of HA, a glycosami-
noglycan and high molecular weight polysaccharide. This
substance is abundant in all vertebrate tissues, particularly
epithelial, neural, and connective tissues. HA is an essential
component of synovial fluid within normal and osteoarthritic
joints. Chondrocytes and synovial cells synthesize HA,
enhancing lubrication and shock absorption functions in the
articulating joints. As a major component of synovial fluid
in the articular cavity, HA is distributed in the surface layer
of articular cartilage at a depth of approximately 1-2 um
[45-48]. HA possesses a multifaceted array of biological
attributes that explain its use in analgesia. Specifically, HA
functions as an anti-inflammatory agent by inhibiting the
synthesis and dispersion of inflammatory mediators while
simultaneously exerting local immunoregulatory effects
[49, 50]. Among patients with HOA, the concentration of
HA typically decreased by 50% to 67% within case-specific
observations. This reduction included a decrease in molecu-
lar size. Further research has confirmed that the pathologi-
cal progression of OA results in substantial attenuation of
molecular interactions. This results in a reduction of the
elasticity and viscosity of the synovial fluid [51].

In 1997, the Food and Drug Administration (FDA)
approved HA for OA treatment. Consequently, it has gained
widespread acceptance in the medical community [52].
The findings indicate that the molecular weight and con-
centration of HA within the synovial fluid decrease with
OA deterioration. This decrease results in the degradation of
synovial fluid viscoelastic properties [53]. Joint symptoms
can be alleviated using HA, which possesses exceptional
viscoelastic properties [54]. Some researchers have empha-
sized that the efficacy of intra-articular HA injections for OA
management is likely attributed to two primary mechanisms
of action. First, HA increases the mechanical viscosity in a
joint, facilitating lubrication, cushioning against impacts,
and reducing friction, thereby providing protective benefits
for the joint. Second, it assists in the restoration of internal
stability of the joint by regulating HA secretion within the
body. Previous studies have confirmed that an increase in
HA concentration can lead to substantial pain alleviation
and significant improvement in the OA symptoms by effi-
ciently enhancing lubrication and reducing frictional resist-
ance [55-57].
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Additionally, researchers have discovered that HA
serves as a signaling molecule in addition to its role in tis-
sue anatomical preservation. Specifically, HA is essential
in regulating cell proliferation, differentiation, and migra-
tion by interacting with surface receptors on various cell
types, including B-type synovial cells and chondrocytes.
These treatments affect the extracellular matrix by reducing
markers indicative of cartilage degradation and stimulating
endogenous HA synthesis. HA simultaneously possesses
substantial anti-inflammatory properties, effectively decreas-
ing the secretion of in- flammatory mediators, including
prostaglandins, leukotrienes, interleukin-1 (IL-1), and IL-6,
while facilitating fibroblast metabolism, potentially engen-
dering multiple physio- logical benefits, including analgesia,

anti-inflammatory responses, and cartilage protection [58,
59]. Besides, HA, a viscoelastic natural glycosaminoglycan,
is essential in the extracellular matrix of articular cartilage
and actively contributes to maintaining the biomechanical
integrity of healthy cartilage [60]. Consequently, intra-artic-
ular injections of HA are essential interventions capable of
delaying the necessity for total hip arthroplasty, which is
particularly important for the younger patient population.
The indications, contraindications and complications of the
HA were summarized in Table 2. Table 3 shows the different
brand name approved by FDA that contains HA.

Numerous polymer HA products are available in the mar-
ket, each with unique origins, structure, molecular weights,
concentration, injection dosage, and number of injections

Table 2 Indications, Contraindications and Complications of the Intra-Articular Injection of HA

Indication for Intra-articular Hyalu-  Description of Indication

ronic Acid Injection

Contraindications Post-injection Complications

Osteoarthritis
mobility

Post-traumatic Arthritis Arthritis developed after joint
injury, often affecting the knee,
hip or ankle

Chondromalacia Patella

pain and inflammation

Rheumatoid Arthritis (as adjunct
therapy)

Autoimmune disorder causing
chronic joint inflammation and
pain

Degenerative joint disease affecting
the joint, causing pain and reduced

Softening and damage of the carti-
lage under the kneecap, leading to

Pain at injection sit;
Swelling; Joint stiffness;

Active joint infection; Allergy to
hyaluronic acid;Bone deformity;

Active skin infection or eczema; Synovitis
Bleeding disorders;
Allergy to avian proteins (in some Effusion

HA products);
Compromised joint integrity

Active skin disease near the injec- Skin redness and warmth

Synovial Fluid Replacement in
Hemophilia Patients

Pain Relief in Patients Intolerant to
NSAIDs

Temporomandibular Joint (TMJ)
Disorders

Joint lubrication for patients prone
to hemarthrosis (bleeding into
joints)

Alternative pain management for
patients unable to take nonsteroi-
dal anti-inflammatory drugs

Degeneration or dysfunction of
the TMJ, leading to jaw pain and
dysfunction

tion area

Active systemic infection, Immune- Infection
compromised status

Coagulation disorders, Ongoing Hemarthrosis

anticoagulant therapy

History of severe allergy or anaphy- Allergic reactions

laxis to hyaluronic acid
Pregnancy; Breastfeeding; Bruising
Severe systemic conditions

Table 3 Information About Drugs Which Contain Hyaluronic Acid

Country of Origin Molecular Weight

Administration Route

Injection Dose

Brand Name Manufacturer

Synvisc-One  Sanofi USA
Euflexxa Ferring Pharmaceuticals USA
Hyalgan Fidia Pharma Italy
Orthovisc Anika Therapeutics USA
Durolane Bioventus USA

Hylan G-F 20 Genzyme USA
Ostenil TRB Chemedica Switzerland

High molecular weight
High molecular weight
Low molecular weight
High molecular weight

Non-crosslinked, high molecu-

lar weight

Crosslinked, high molecular

weight

Medium molecular weight

Intra-articular injection
Intra-articular injection
Intra-articular injection
Intra-articular injection
Intra-articular injection

Intra-articular injection

Intra-articular injection

6 mL (single injection)
2 mL (single injection)
2 mL (single injection)
2 mL (single injection)
3 mL (single injection)

2 mL (single injection)

2.5 mL (single injection)
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administered during the treatment regimen. Based on molec-
ular weight, the different products available are divided into
low molecular weight (MW: 0.5—1.5 million Da), medium
molecular weight (MW: 1.5-6 million Da), and high molec-
ular weight (MW: 67 million Da). Previous studies reported
that HMW intra-articular HA (HMW-HA) exerts more pro-
found effects on cartilage preservation, anti-inflammatory
response modulation, proteoglycan interaction facilitation,
rheological properties enhancement, pain alleviation, and
mechanical properties improvement [61, 62].

Recently, clinical trials investigating HA therapy for HOA
treatment have progressively garnered significant attention
from numerous scholars (Table 4). In a 2021 clinical trial,
Mihaela reported that 15 patients with HOA who received
ultrasound-guided HA injections experienced a significant
decrease in their visual analog scale (VAS) (Fig. 1) and
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) scores after treatment, with a progressive down-
ward trend [63]. Consequently, authorities maintain that the
ultrasound- guided intra-articular injections (USGIAI) may
serve as a treatment modality that is highly efficacious and
safe for patients with moderate HOA, demonstrating consist-
ent efficacy over short-term and medium-term periods. In
addition, many scholars have focused on different molecular
weights of HA and their clinical applications. In a clini-
cal trial involving 80 overweight/obese patients with HOA,
Professor Dalila demonstrated that a combined HA formu-
lation exhibited superior anti-inflammatory, analgesic, and
chondrogenic properties than high-molecular-weight HA
[64]. Furthermore, experts from Japan reported advanced
comparable research findings, indicating that administering
Hylan G-F 20 via hip injection significantly alleviates pain
experienced during ambulation, enhances the motor function
of the hip, and elevates the quality of life of patients with
HOA. The therapeutic benefits of this intervention have been
observed to persist for up to 12 weeks [65]. HA was adminis-
tered exclusively to patients with mild to moderate HOA in a
one-year follow-up that was recently conducted. Individuals
who have declined surgical intervention for advanced arthri-
tis and are contemplating this treatment modality should be
advised of the associated potential adverse effects [66].

Professor Wu comprehensively reviewed the safety of
intra-articular HA injections in relation to articular injec-
tions. He maintains that higher molecular weight HAs
administered for HOA management have exhibited superior
efficacy than the various molecular weight HAs used to man-
age HOA six months post-treatment without a concomitant
increase in the incidence of adverse reactions [78]. However,
it is imperative to accumulate comprehensive datasets and
acquire higher-quality evidence to validate these findings
for future clinical medical research. However, research into
the contraindications of intra-articular HA has not yielded
distinct specificity. The contraindications of intra-articular

HA are similar to those of intra-articular CS. However, a
2019 study conducted by Gualdi suggests that patients with
scleroderma should be considered contraindicated for intra-
articular HA injections due to the pro-inflammatory effects
and the potential to exacerbate migrating keratinocytes and
skin ulcers [79]. A previous low-risk clinical trial reported
that the frequency of intra-articular injections of HA may
increase from one in a single cycle to five after four cycles
[80]. As a result, intra-articular HA injections may elicit
a higher incidence of local adverse reactions, including
self-limiting synovitis, joint hemorrhage, and myalgia, than
intra-articular corticosteroid injections. This phenomenon is
likely to be closely associated with the frequency of intra-
articular injections [81]. Consequently, healthcare practi-
tioners should prioritize the assurance of treatment safety
and cost-effectiveness when administering intra-articular
HA injections to individuals with mild to moderate HOA,
and they should exercise increased vigilance towards pos-
sible complications.

Platelet-Rich Plasma (PRP)

Platelet-rich plasma (PRP) has emerged as a favored option
within the realm of innovative biological therapies for the
management of a diverse spectrum of orthopedic disseases.
Clinical trials have yielded substantial results in the treat-
ment of external humeral epicondylitis and osteoarthritis;
however, outcomes for other conditions, such as rotator
cuff injury and Achilles tendon injury, exhibit variability
[82—86]. This treatment regimen is appealing due to its sim-
plicity in production, relative affordability, customization for
individual patients, ease of administration, and low occur-
rence of adverse reactions.

PRP is a biological substance derived from an individual's
blood. The platelet count in PRP is between 150,000 and
300,000 platelets per mL, significantly higher than those in
routine plasma (Fig. 2) [87]. The primary benefits of PRP
derive from anabolic factors, which are particularly abun-
dant in alpha and dense granules [88]. Insulin-like growth
factor 1 (IGF-1), transforming GF-B (TGF-p), platelet-
derived GF (PDGF), vascular endothelial GF (VEGF), and
fibroblast GF-p (FGF-f) are the primary growth factors
that platelet alpha granules release [89]. These factors can
significantly facilitate MScs and autologous chondrocyte
proliferation and augmentation. Collectively, these factors
facilitate cellular chemotaxis, migration, mitosis, extracel-
lular matrix synthesis, and angiogenesis, thereby alleviating
symptoms and potentially initiating tissue healing processes.
Moreover, they increase extracellular matrix constituents,
including proteoglycans and types I and II collagen [90, 91].
The expression levels of cytokines, including FGF-p, VEGF,
PDGEF, and IGF-1, exhibit a progressive increase at differ-
ent time intervals following the PRP administration via an
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Fig. 1 Diagram of Visual Analogue Scale (VAS) pain score
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Fig.2 Preparation Process Flowchart of Platelet-Rich Plasma (PRP)

intra-articular route. This pattern indicates that PRP does
not merely increase the concentration of these cytokines;
instead, it facilitates their biosynthesis and secretion by
activating the endogenous regulatory pathways governing
cytokine function [92]. In addition, in actual applications,
PRP can reduce the inflammatory response throughout the
course of OA by inhibiting the activation of nuclear factor
kappa-light-chain enhancer by IL-1, thereby decreasing the
levels of pro-inflammatory cytokines [93]. This study dem-
onstrated that TGF-p enhances osteoblast mitotic activity
[94].

Similar to HA, PRP lacks sufficient high-level clinical
evidence to substantiate its efficacy. The indications for PRP
are not covered by most insurance providers despite its wide-
spread use in clinical settings as a standard treatment modal-
ity in knee and HOA [95]. PRP intra-articular injection
therapy is gaining attention as a new biological treatment.
PRP has several variations arising from the heterogeneity
in platelet isolation and activation techniques, differential
centrifugation speeds, diverse collection apparatuses, and
disparate classification methodologies [96]. One significant
categorization of PRP is its difference in leukocyte content,
divided into high-leukocyte PRP and low-leukocyte PRP.
While low-leukocyte PRP concentration is below baseline,
high-leukocyte PRP exceeds it [97]. Purified PRP maintains

JL

physiological concen- trations of platelets and growth factors
across various preparation methodologies. Its comprehen-
sive anti-inflammatory response and promotional impact on
chondrogenesis indicate its potential as a viable therapeutic
modality for OA management [98].

Clinical investigations into the therapeutic applications
of PRP for HOA management have recently been uninter-
rupted. Dr. Nouri headed a clinical trial that compared the
long-term efficacy of intra-articular injections of PRP, HA,
and their combined administration in managing patients with
HOA [77]. The findings of the trial indicated that the PRP
injection and the combined treatment group exhibited supe-
rior long-term outcomes than HA treatment alone based on
functionality enhancement, disability reduction, and activi-
ties of daily living. Additionally, HA integration with PRP
did not exhibit any significant therapeutic enhancement. In
a 2022 study, Mazzotta compared the clinical efficacy of
autologous PRP derived from peripheral blood with cord-
derived platelet-rich PRP for HOA treatment [99]. The find-
ings indicate that cord-derived platelet-rich PRP is more
effective than autologous PRP for patients with early and
middle stages of HOA, based on safety and efficacy, confer-
ring more substantial therapeutic benefits. The Luan reposi-
tory published a clinical trial that substantiated the therapeu-
tic efficacy and safety of PRP injections and extracorporeal
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shock wave therapy (ESWT) for managing patients with
femoral head necrosis [100]. Besides, ESWT demonstrated
limited efficacy in the treatment of patients with sympto-
matic ONFH, while PRP injection was more effective in
alleviating pain and promoting functional restoration. These
studies may offer a comprehensive research trajectory for the
subsequent advancement of PRP applications.

Based on the analysis mentioned above, PRP is a new
medicinal product with significant developmental potential
and market value. However, the absence of standardized
parameters, including consistent centrifugation speeds and
durations during PRP preparation, may result in the genera-
tion of variants with varying proportions of white blood cells
[101]. Pain at the injection site, joint stiffness, dizziness,
headaches, nausea, and tachycardia are potential adverse
reactions. Accordingly, further standardized and high-caliber
clinical trials are imperative to confirm the efficacy of PRP
utilization in therapeutic practices.

Mesenchymal Stem Cells (MSCs)

MSC:s, a type of adult stem cell in numerous tissues, exhibit
numerous functions, including anti-inflammatory, paracrine,
and immunoregulatory effects, which have been confirmed
across multiple studies [102]. Extensive research has con-
firmed the considerable potential of MSCs in mitigating pain
and facilitating cartilage regeneration (Table 5). Therefore,
scholars have attempted to reverse the progressive cartilage
degeneration trend by applying cellular regenerative technol-
ogies [103]. Bone marrow, adipose tissue, peripheral blood,
muscle, amniotic fluid, umbilical cord, and placenta are the
primary sources of MSCs. In 1999, Pittenger achieved an
initial milestone by successfully isolating and characteriz-
ing bone marrow MSCs (BMMSCs). He proposed that stem
cells can differentiate into various lineages, including adipo-
cytes, osteoblasts, and chondrocytes [104]. Ongoing study
advancements revealed that MSCs can be derived from bone
marrow and the placenta, umbilical cord blood, perivascular
cells of the umbilical cord, cartilage tissue, adipose tissue,
and skeletal muscle. BMSCs and adipose-derived MSCs
(ADSCs) have emerged as common clinical interventions
and have progressively been integrated into routine OA treat-
ment regimens [105].

The underlying mechanism of the function of BMMSCs
is unclear. However, the production of chemical mediators
is widely recognized as an essential mechanism facilitat-
ing the in vivo role of BMMSCs. This mechanism can be
divided into two primary categories: the first category per-
tains to their anti-inflammatory actions, while the second
category pertains to their involvement in the tissue repair
or regeneration process [106]. Numerous academic studies
have demonstrated that BMMSCs can enhance growth factor
secretion and modulate the tissue microenvironment [107].

@ Springer

These factors, including cell migration, proliferation, dif-
ferentiation, and extracellular matrix synthesis, contribute to
the repair and regeneration of cartilage tissue. BMMSCs can
mitigate tissue injury and enhance the proliferative potential
of stem cells, thereby catalyzing stromal vasculature regen-
eration and repair by modulating TGF-p, VEGF, MMPs,
tissue inhibitors of metalloproteinases (TIMPs), and other
essential growth factors [108].

The clinical application of BMMSCs is a continuous
endeavor, in addition to the rigorous exploration of their
underlying mechanisms (Table 6). In 2017, researchers,
including Rodrigo, initiated a comprehensive series of stud-
ies to evaluate the therapeutic efficacy of BMMSCs in the
clinical management of HOA. They found that three succes-
sive intra-articular injections of autologous BMMSCs exhib-
ited safety and reliability in clinical applications for patients
with hip cartilage defects. This resulted in the restored hip
function and increased range of motion [109]. In a 10-year
prospective, double-anonymi- zed, randomized controlled
clinical trial, Li employed MSCs to treat patients with femo-
ral head necrosis [110]. The study included 43 patients who
received stem cell injections, followed by a ten-year obser-
vation period. The findings indicated that the integration of
stem cell therapy with core decompression results in more
substantial clinical benefits than decompression treatment
alone. Canadian scholars conducted a research initiative
examining the safety and efficacy of stem cell therapy in
treating HOA. The study demonstrated that the maximal
enhancement of the clinical manifestations of patients was
achieved within the 3- to 6-month interval after the inject-
able therapy administration while concurrently maintain-
ing a low incidence of adverse events [111]. In 2023, Dr.
Natali et al. conducted a clinical trial of 55 patients. They
found that intra-articular injections exhibited favorable clini-
cal outcomes in patients with early to moderate HOA, with
outcome scores ranging from 48 to 30 and a relatively low
incidence of adverse reactions [112]. In the recently pub-
lished literature, Dr Ehioghae provides a comprehensive and
profound examination of the domain of stem cell therapy for
knee and hip OA [113]. He highlighted the immense and
associated constraints of stem cell therapy in OA manage-
ment. Besides, previous studies highlighted the importance
of ongoing inquiry to determine the long-term efficacy of
pertinent treatments and to identify the most appropriate
stem cell varieties to formulate standardized treatment
protocols.

Clinical investigations have thoroughly substantiated the
safety and tolerability of MSCs, and no adverse events (AEs)
have been documented. The probability of adverse reactions
associated with joint injections is as low as 3.1%, primar-
ily as pain and swelling. Moreover, the carcinogenicity of
MSCs has not been definitively established at the theoreti-
cal level [118-121]. However, the malignant transformation
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of cells remains a potential risk in stem cell therapy; over
one-third of systematic reviews conducted in 2017 reported
inaccuracies in their safety evaluation methodologies [122].
Moreover, recent studies have not agreed on the optimal
sources, isolation, identification, and cultivation conditions
of BMMSCs. Extensive and prolonged clinical trials are
imperative to facilitate the dissemination and utilization of
mesenchymal stem cell injection technology and to establish
it as a conventional clinical treatment modality for OA.

Stromal Vascular Fraction (SVF)

Studies have unequivocally established the safety and effi-
cacy of ADSCs and MSCs in the therapeutic management
of OA. However, isolating, culturing, and proliferating these
stem cell types commonly takes several weeks in well-
equipped laboratories, potentially extending the treatment
timeline of patients [123, 124]. Autologous SVF is consid-
ered a more efficacious approach. Additionally, during the
application of liposuction techniques, collagenase enzymes
present within the adipose tissue are activated, leading to
the hydrolysis of fats. Consequently, the fat cells are dis-
lodged and undergo emulsification. Subsequently, cen-
trifugation differentiates the cellular components from the
resulting emulsified fat. The residue that settles at the bot-
tom of the centrifuge tube is referred to as SVF [125]. SVF
cells encompass a heterogeneous population of various cell
types, including MSCs, hematopoietic cells, macrophages,
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fibroblasts, pericytes, endothelial cells, smooth muscle cells,
and progenitor cells (Fig. 3) [126, 127]. Compared to other
varieties of stem cells, including BMMSCs, procuring adi-
pose-derived stem cells (ASCs) is significantly less complex
[128]. ADSCs compositions demonstrate significant vari-
ation, ranging from < 1% to> 15% across diverse samples
because of the discrepancies in the extraction methods.
Within the extant literature, eight studies examined lipo-
suction procedures performed one day before the surgery,
while four investigations focused on liposuction performed
on the day of the surgery [129-136]. SVF significantly saves
more time (weeks) than ADSCs and MSCs in cell culture
and proliferation with superior efficiency.

The investigation demonstrated that the origin of adipose
tissue or the identity of the donor does not entirely determine
the SVF. This fraction can exert anti-inflammatory effects
on chondrocytes and synoviocytes by secreting several anti-
inflammatory mediators, including IL-1 receptor antagonist,
indoleamine-2,3-dioxygenase, TGF-f, and prostaglandin E2
[137]. Moreover, the research indicates that ASCs in adipose
tissue can detect the local microenvironment of OA and react
appropriately to such environmental alterations. In addition,
in actual applications, the regulatory functions of SVF on
preadipocytes, vascular pericytes, macrophages, red blood
cells, fibroblasts, and regulatory T cells facilitate tissue
regeneration and renewal [138]. Studies have demonstrated
that the safety and efficacy of ADSCs in remodeling hyper-
trophic scars, nerve regeneration, therapeutic interventions
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for acute myocardial infarction, and cartilage regeneration
are non-significantly different from other types of stem cells
under specific conditions [139-142]. In orthopedic clini-
cal practices, SVF cells exhibit a beneficial impact on OA,
particularly in the case of knee OA [143, 144]. However,
clinical research into the SVF treatment of HOA remains
understudied.

In 2020, the research team led by Dr. Mehling initiated
a clinical trial designed for patients with HOA. The trial
included 106 participants who underwent SVF as a thera-
peutic intervention for their hip joints. In stark contrast to the
outcomes observed 7 days post-transplantation, the findings
unequivocally demonstrated a significant decrease in pain
levels and improved joint mobility at 3, 6, and 12 months
following SVF graft injections. SVF intra-articular injec-
tions have demonstrated an exceptional safety profile with-
out serious AEs or complications. Furthermore, SVF cell
therapy demonstrated enhanced efficacy in patients with
stage III arthritis than in those with stages I, II, and IV OA
[145]. In 2023, a Japanese academician conducted a simi-
lar investigation that included 42 individuals in stem cell-
based vascular fat (SVF) therapy over six months. The study
revealed a significant improvement in hip joint health, as
indicated by the Hip Joint Health Score (HHS), the Hip Joint
Health Questionnaire (JHEQ), and the VAS for pain fol-
lowing SVF treatment. However, radiological assessments,
including the central marginal angle, the acetabular index,
and T2-weighted imaging, failed to identify any significant
changes between the pre-therapeutic and six-month post-
therapeutic follow-up. SVF cell therapy constitutes an inno-
vative and efficacious medical intervention, demonstrating
promising short-term clinical outcomes in HOA manage-
ment [117].

Extensive clinical trial data and comparative research on
therapies such as intra-articular hormone injections or PRP
are rare. Only a few studies have reported that the intra-
articular injection of adipose-derived cellular populations
(SVF) can alleviate OA symptoms and facilitate articular
cartilage regeneration. The findings of the study indicated
that patients with OA experienced substantial symptom alle-
viation between one month and two years after treatment
with ADSC injection, also known as SVF. This improve-
ment contributed to a significant enhancement in the quality
of life of patients and did not introduce an elevated risk of
adverse reactions. Few patients initially experienced mild
swelling and discomfort within a few days, with no signifi-
cant complications detected in the donor region [134, 146].
SVF has demonstrated efficacy in point-of-care contexts for
managing several clinical conditions, and it is now com-
monly administered globally, with numerous documented
successful treatment outcomes. The procurement of SVF is
a simple process that is easily accessible and predominantly
derived from abdominal or gluteal adipose tissue without
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requiring complex steps, including cellular culture and pro-
liferation. These inherent benefits suggest that SVF may be
a safe and efficacious minimally invasive treatment modality
for OA, holding considerable promise for widespread utiliza-
tion. However, this hypothesis requires validation through
extensive clinical investigation.

Other Therapies

An imbalance may arise between catabolic and anabolic fac-
tors during OA progression. This theory introduces a new
perspective for investigating the use of biological agents in
OA treatment [147]. The anaerobic bacterium Clostridium
botulinum produces botulinum toxin (BT), composed of
a light chain of 50,000 Da connected to a heavy chain of
100,000 Da through disulfide bonds. Research has identi-
fied an independent anti-inflammatory effect of BT injec-
tions in addition to its well-established application in muscle
hyperactivity and certain autonomic disorders treated with
BT type A (BT-A) [148, 149]. Numerous studies have dem-
onstrated that BT-A administration potently inhibits neuro-
transmitters and neuropeptide secretion at the central axon
terminals of injured sensory neurons, thereby diminishing
central nervous system sensitization. Consequently, BT-A
exhibits a targeted analgesic action and has been imple-
mented in pain research [150, 151]. Therefore, it is recom-
mended that the Botox injection administration into the
joints can alleviate pains associated with OA. In Mathilde's
investigation, the research team noted that BT-A injections
in the joint provided transient relief for patients with HOA.
Moreover, there was a significant decline in pain scores in
some patients with intractable joint pain, with the alleviating
effects lasting up to six months post-therapy [152]. Concur-
rently, researchers have demonstrated that BT-A injections
in the joint cavity and therapeutic exercises yield more sig-
nificant effects [153].

The pathogenesis of chronic pain and its precursor role in
pain perception are complexly associated with nerve growth
factor (NGF). Clinical trials confirm the efficacy of NGF-tar-
geted mechanisms in alleviating OA pain, thereby affirming
the critical role of NGF-blocking antibodies in therapeutic
interventions [154—159]. Ongoing clinical trials examining
the effectiveness of monoclonal antibodies targeting NGF
remain uninterrupted. For instance, Marc et al. have con-
ducted studies to evaluate the long-term safety of intramus-
cular injections of tanezumab in patients with OA and its
efficacy at the 16-week mark. The researchers have clarified
the potential therapeutic efficacy of tanezumab in HOA man-
agement, particularly in patients who have not responded
favorably to conventional treatments, have developed an
intolerance to the medication, or have other contraindica-
tions, including hypersensitivity to NSAIDs [160].
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The inflammatory cytokine cascade is essential for the
onset or progression of varying degrees of local inflamma-
tion, particularly synovial inflammation, bone resorption,
and the degradation and loss of cartilage. Previously, OA
was not considered a systemic inflammatory condition. Spe-
cifically, the significant production of IL-1 and tumor necro-
sis factor-alpha (TNF-alpha) in osteoarthritic joints exerts a
substantial effect on synovial cells and chondrocytes, stimu-
lating the production and secretion of mediators and effec-
tors derived from bone and synovial tissue [161, 162]. Con-
sequently, anti-TNF biologics are anticipated to be a potent
potential therapeutic modality for hip arthritis management.
Infliximab and etanercept are the most extensively employed
inhibitors of TNF. Although relevant research has prelim-
inary verified the safety of infliximab, its application via
intra-articular administration for OA management remains
in the early phase of investigation and experimentation. In
clinical trials that compared HA with etanercept, partici-
pants who received etanercept exhibited higher VAS scores
during the initial one to two weeks than those who received
HA injections. However, the discrepancy in the efficacy of
the two therapeutics diminished progressively beyond the
fourth week [163].

Discussion

HOA is characterized by a complex equilibrium between
articular tissue degeneration and regeneration, culminating
in gradual anatomical and functional capacity depletion,
potentially manifesting as clinical symptoms, including pain
and impairment. The scientific community has encountered
numerous obstacles in OA treatment, including the com-
plex interplay of pathological processes, the heterogeneity
in the pathogenic profiles of OA, and the variability in the
rate of disease progression among different demographic
groups [164, 165]. Drug safety is of utmost importance to
the elderly population, as they require lifelong treatment.

Intra-articular injection therapy can enhance the local
therapeutic effect while ensuring the safety of the treatment
process. Furthermore, this method can substantially reduce
the risk of systemic exposure and adverse reactions. Sev-
eral intra-articular medications have been employed in HOA
management, including glucocorticoids, HA, platelet-rich
plasma, MSCs, and stromal vascular fraction. However, the
number of randomized controlled trials investigating these
medications for OA remains relatively low.

In 2017, Giulio employed the precise magnetic resonance
imaging technique known as T2 mapping to quantitatively
evaluate the impact of intra-articular HA injections on chon-
dral morphology and investigate its correlation with clinical
symptoms [166]. The findings indicate that T2 mapping is an
efficacious tool for assessing the therapeutic effects of HA

intra-articular injections in patients with HOA. However,
conducting a series of histological investigations is impera-
tive to gain a more comprehensive understanding of the cor-
relation between HA and T2 mapping. Long et al. evaluated
the safety and efficacy of ultrasound-guided injections of
high molecular weight HA in patients with mild to moderate
HOA. A previous study of 87 patients with HOA demon-
strated the safety and efficacy of a single injection of HA
[167]. The pain relief and functional capacity enhancement
observed post-treatment demonstrated statistically signifi-
cant improvements. The latest research further reveals that
HA injections within the joint demonstrate reduced adverse
effects and more significant symptom alleviation than CS
injections for the treatment of patients with early-stage OA
[168]. In a study published in 2022, Nouri et al. compara-
tively assessed the therapeutic efficacy of intra-articular
injections containing PRP and HA and their combined appli-
cation in the management of patients with HOA [77]. The
authors reported that the efficacy of PRP therapy and its
combination with other modalities was significantly more
enduring (up to six months) than HA injections. However, all
three interventions demonstrated pain alleviation and func-
tional enhancement. This resulted in amplified functional
recovery, diminished disability, and increased capability of
daily living. Moreover, HA incorporation into PRP treatment
did not significantly improve therapeutic outcomes. Based
on a 2023 meta-analysis, there is low-to-moderate quality
evidence that PRP therapy is efficacious in alleviating pain
symptoms and improving functional performance in patients
with HOA, particularly within a follow-up duration of 1 to
2 months [169]. Besides, the researchers emphasized that
a single administration of PRP yielded a more substantial
pain reduction than repeated injections. Research on treat-
ing HOA via the intra-articular injection of stem cells is
scarce in clinical practice. In 2023, a scholarly team headed
by Professor Zhu conducted a meta-analysis that included
20 relevant studies, which revealed a consistent positive
correlation between stem cell therapy combined with core
decompression and enhanced clinical efficacy [170]. How-
ever, the efficacy of cellular therapies and other treatments in
the management of hip pathologies requires more stringent
design in clinical trials to ensure the high quality of prospec-
tive studies and randomized controlled trials. Sufficient sam-
ple sizes are essential for affirming their genuine efficacy.
This literature review comprehensively examined dif-
ferent intra-articular injectable medications employed in
HOA management. Despite the prevalent use of sodium
hyaluronate and glucocorticoids as intra-articular treatment
modalities, it is advisable to exercise caution and refrain
from recommending intra-articular HA and CS for patients
with advanced stages of OA. Since symptoms may not be
significantly alleviated, an increase in the frequency of injec-
tions may result in adverse reactions. Recently, regenerative
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medicine therapies, including PRP, MSCs, and SVF, have
been used for OA management. Concurrently, extensive
research on these therapies has yielded promising clinical
outcomes. However, it is premature to make conclusive
assessments regarding the efficacy and safety of these regen-
erative medical products in cartilage regeneration. Further-
more, there is a prevalent need for more extensive patient
samples and sophisticated radiological and histological evi-
dence to corroborate the rational usage of PRP, MSCs, and
SVF in OA treatment in clinical practice. This is essential
to provide reliable data that supports the widespread clinical
applications of these methods.

Conclusion

The intra-articular approach offers superior local efficacy
and mitigates adverse patient responses, particularly in
regenerative medical treatments. The application of mini-
mally invasive techniques for pain alleviation is effica-
cious and has significant potential for further development,
necessitating additional comprehensive study and scholarly
discourse.

Key References

Its citation number is a rough indicator of the article's qual-
ity and significance. This study found that the publication
“Pharmaceutical treatment of osteoarthritis (2022)” by Rich-
ard et al. in Osteoarthritis and Cartilage, reviewing the status
of recommendations for pharmacological treatment of osteo-
arthritis management, was the most frequently cited article
on osteoarthritis in the last three years [171]. “The Efficacy
of Bone Marrow Stem Cell Therapy in Hip Osteoarthritis:
A Scoping Review” which was published in 2024 by Perez
et al. was the most important literature on stem cell therapy
for hip osteoarthritis, with 55 citations, in the last three years
[172]. The authors found that the efficacy of using BM-MSC
therapy for HOA was beneficial and improved clinical symp-
toms in patients.
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