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Abstract

Platelet-rich plasma (PRP) therapy has gained prominence in orthopedics as a
regenerative approach that utilizes autologous platelets enriched with growth
factors to facilitate tissue healing. Innovations such as protein-enriched filtered
PRP and the integration of PRP with biomaterials, including 3D-printed scaffolds
and bioactive molecules like kartogenin, have been developed to enhance out-
comes in cartilage and bone repair. Clinical studies have demonstrated the effi-
cacy of PRP in managing conditions such as knee osteoarthritis, rotator cuff ten-
dinopathy, and lateral epicondylitis, often showing superior long-term benefits
compared with conventional treatments. Emerging therapies that combine PRP
with mesenchymal stem cells and peptide-based treatments have shown syner-
gistic effects, further enhancing tissue regeneration and functional recovery.
Despite these promising developments, variability in PRP preparation methods
and application protocols underscores the need for standardized guidelines and
large-scale clinical trials to fully establish the role of PRP in orthopedic practice.
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Core Tip: Recent advancements have firmly established platelet-rich plasma (PRP) therapy as a valuable tool in orthopedic
care. Innovations such as protein-enriched filtered PRP, integration with 3D-printed scaffolds, and combination therapies
with mesenchymal stem cells and peptides have enhanced its regenerative potential. These developments have expanded
PRP applications beyond sports medicine to include osteoarthritis, tendinopathies, and cartilage defects. While PRP offers
promising outcomes, standardization of preparation methods and further large-scale clinical trials are essential to optimize its
efficacy and establish comprehensive clinical guidelines.
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INTRODUCTION

Orthopedic medicine has witnessed significant advancements in recent years, particularly with the introduction of
regenerative therapies aimed at enhancing tissue repair and functional recovery. Among these, platelet-rich plasma (PRP)
therapy has emerged as a prominent modality, gaining attention for its potential to accelerate healing in a variety of
musculoskeletal conditions[1].

PRP is an autologous concentration of platelets suspended in a small volume of plasma. It is rich in growth factors and
cytokines that play pivotal roles in tissue regeneration. These bioactive molecules, including platelet-derived growth
factor, transforming growth factor-beta, vascular endothelial growth factor, and insulin-like growth factor, contribute to
cellular proliferation, angiogenesis, and extracellular matrix synthesis, thereby facilitating tissue repair[2].

The application of PRP in orthopedics has expanded beyond its initial role in sports medicine to include osteoarthritis
(OA), tendinopathies, ligament injuries, and cartilage defects. Clinical studies have demonstrated its efficacy in reducing
pain, improving joint function, and enhancing the quality of life for patients with these conditions[3].

Recent research has focused on optimizing PRP preparation methods, standardizing protocols, and clarifying the
mechanisms underlying its therapeutic effects. Innovations such as leukocyte-rich vs leukocyte-poor PRP formulations,
different activation techniques, and combination therapies with stem cells or biomaterials are being investigated to
maximize clinical benefits[4].

Despite its potential, heterogeneity in PRP preparation and application protocols creates challenges in comparing study
outcomes and establishing definitive clinical guidelines. Ongoing research and well-designed randomized controlled
trials are therefore essential to determine the optimal use of PRP in orthopedic practice[5].

This review provides a comprehensive overview of recent advances in PRP therapy in orthopedics, highlighting
current evidence, emerging techniques, and future directions to inform clinical practice. The preparation and mechanism
of action of PRP are summarized in Figure 1.

APPLICATIONS IN ORTHOPEDICS

Knee OA

A study titled investigated the effects of intra-articular PRP injections in patients with knee OA[6]. Twenty-four
participants with Kellgren-Lawrence grade II or IIT OA received three 2 mL PRP injections at 1-month intervals. Clinical
assessments using the Oxford Knee Score (OKS) and Visual Analogue Scale (VAS) were performed on days 0, 90, and 180.
Ultrasound measurements of femoral and trochlear cartilage thickness were taken at baseline and on days 90 and 180.
Results demonstrated a reduction in mean pain scores from 7.2 at baseline to 4.5 by day 180, alongside an improvement in
OKS from 33.5 to 38.5. Cartilage thickness increased from 0.92 mm at baseline to 1.01 mm by Day 180, indicating
significant cartilage regeneration following PRP treatment. The study concluded that PRP effectively alleviates sy-
mptoms, improves joint function, and promotes articular cartilage repair in patients with knee OA[6].

A randomized controlled trial involving 50 participants with knee OA further confirmed the efficacy of intra-articular
PRP injections. Two injections administered four weeks apart resulted in significant improvements at 3 months in pain,
stiffness, and physical function, as assessed by the Western Ontario and McMaster Universities Arthritis Index
(WOMAC). Mean pain scores decreased from 7.44 to 4.8 on the VAS, while WOMAC subscores for pain, stiffness, and
physical function improved by 75.5%, 84.5%, and 46.2%, respectively. No adverse effects were reported, supporting PRP
as a safe and effective treatment for knee OA[7].

Rotator cuff disease
Rotator cuff tendinopathy, a common shoulder disorder, has been effectively managed using PRP injections.

Comparative efficacy: A systematic review and meta-analysis of 12 randomized controlled trials involving 639 patients
compared PRP injections with corticosteroid (CS) injections in treating rotator cuff disease. CS injections showed superior
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Figure 1 Preparation and mechanism of action of platelet-rich plasma. Whole blood is collected and centrifuged to separate platelet-rich plasma from
platelet-poor plasma. The platelet-rich plasma is injected into the affected site, where it promotes healing through growth factor release, tissue regeneration, and pain
reduction.

short-term improvements in Disabilities of the Arm, Shoulder, and Hand (DASH) scores and the Simple Shoulder Test.
However, PRP injections provided greater benefits at intermediate and medium-term follow-ups, particularly in
American Shoulder and Elbow Surgeons scores. Both treatments achieved the minimal clinically important difference,
suggesting clinical effectiveness for both. Despite statistical differences across follow-ups, no significant clinical difference
was identified overall, indicating that both PRP and CS injections remain viable management options[8].

Functional improvements: A randomized controlled trial with 58 patients compared PRP with CS injections for rotator
cuff tendinopathy. Over 3 months, PRP resulted in significantly greater improvements in pain reduction and range of
motion (ROM) in shoulder adduction and external rotation. Pain scores decreased from 6.66 to 3.08 on the VAS in the PRP
group, compared with a decrease from 5.53 to 3.88 in the CS group. ROM improvements were also greater in the PRP
group, with adduction increasing from 20.5° to 28° and external rotation from 59.66° to 76.66°, compared with
improvements from 23.21° to 28.46° and from 57.14° to 65.57° in the CS group. These findings suggest PRP injections may
offer superior short-term benefits in pain relief and functional recovery than CS injections in patients with rotator cuff
tendinopathy[9].

Lateral epicondylitis (tennis elbow)
PRP therapy has also been investigated for the treatment of lateral epicondylitis, commonly known as tennis elbow.

Short-term vs long-term outcomes: A systematic review and meta-analysis of 13 randomized controlled trials compared
PRP with CS injections for treating lateral epicondylitis (tennis elbow). CS injections provided superior pain relief at
1 month, while PRP produced more significant improvements in pain at 3 and 6 months. Pooled estimates of VAS scores
favored CS at 1 month (P = 0.75) but shifted in favor of PRP at 3 months (P = 0.003) and 6 months (P < 0.0001). Similarly,
DASH scores favored CS at 1 month (P = 0.028) but favored PRP at 3 months (P = 0.01), with no significant difference at
6 months (P = 0.107). These findings indicate that although CS injections may provide superior short-term relief, PRP
offers sustained improvements in pain and function over the medium term[10-15]. An overview of clinical applications of
PRP across various orthopedic conditions is provided in Table 1[1,3,6-10,15-19].

RECENT ADVANCES IN PRP

Recent innovations in PRP formulations have significantly advanced orthopedic regenerative therapies. The development
of protein-enriched filtered PRP (PEF PRP) and the integration of PRP with biomaterials such as 3D-printed scaffolds and
kartogenin (KGN) have shown considerable promise in enhancing tissue repair and regeneration.

PEF PRP
PEF PRP is an advanced formulation achieved through ultrafiltration techniques that concentrate beneficial proteins and
growth factors while removing unwanted components. This process produces a PRP product with enhanced regenerative
potential.
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Table 1 Clinical applications of platelet-rich plasma in orthopedic conditions

Orthopedic Type of PRP . g
p b Level of evidence Key findings Ref.
condition used
Knee osteoarthritis ~ LR-PRP/LP- RCTs, meta- Significant pain and function improvement in early to moderate OA; superior to HA [6,7,
PRP analyses and corticosteroids in mid-term follow-up 18]
Rotator cuff tears LR-PRP RCTs, cohort Mixed results; some studies report reduced retear rate and improved healing post-  [8,9]
studies repair
Lateral epicon- LP-PRP RCTs, systematic Faster and sustained pain relief compared to corticosteroids; functional gains [10]
dylitis reviews observed
Achilles LP-PRP Systematic reviews —Limited clinical benefit; high variability in outcomes [1,3]
tendinopathy
Meniscal repair LR-PRP Cohort studies Enhanced healing rates in arthroscopic repairs; evidence still low [15,
16]
ACL reconstruction LR-PRP RCTs Accelerates graft maturation and tunnel healing; no significant long-term functional ~[17,
benefit 19]

LR-PRP: Leukocyte-rich platelet-rich plasma; LP-PRP: Leukocyte-poor platelet-rich plasma; RCT: Randomized controlled trial; HA: Hyaluronic acid; ACL:

Anterior cruciate ligament.

Enhanced healing: A preclinical study demonstrated that PEF PRP significantly improved cell proliferation and tissue
regeneration compared with standard PRP, highlighting its superior therapeutic efficacy[11].

Clinical application: In clinical practice, PEF PRP was successfully used to treat patients with large surface-area pressure
ulcers who were not candidates for surgery, underscoring its potential as a non-surgical treatment option[12].

INTEGRATION WITH BIOMATERIALS

The combination of PRP with advanced biomaterials has created new opportunities for managing complex musculo-
skeletal injuries, particularly in bone and cartilage repair.

3D-PRINTED SCAFFOLDS

3D printing enables the fabrication of scaffolds that closely replicate the natural extracellular matrix, providing structural
support and enhancing tissue regeneration when combined with PRP.

Cartilage regeneration: Studies have shown that 3D-printed scaffolds infused with PRP promote chondrogenesis, leading
to improved cartilage repair outcomes[13].

Osteochondral repair: Multiphasic scaffolds incorporating PRP have been designed to simultaneously regenerate
cartilage and subchondral bone, addressing the challenges in osteochondral tissue engineering[14].

KGN INTEGRATION

KGN is a small molecule that induces chondrogenic differentiation of mesenchymal stem cells (MSCs), making it a
valuable addition to PRP-based therapies[15].

Hydrogel scaffolds
Incorporating KGN into hydrogel-based scaffolds with PRP has been shown to enhance cartilage regeneration, offering a
synergistic approach to treating cartilage defects[16].

Bilayered constructs
Advanced bilayered scaffolds combining KGN-loaded hydrogels with PRP have been developed to mimic the
osteochondpral interface, supporting simultaneous regeneration of cartilage and underlying bone[17].
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EMERGING THERAPIES

Current trends in orthopedics increasingly focus on combining PRP with MSCs and peptide-based treatments to
maximize tissue regeneration and functional recovery.

PRP and MSCs

The combination of PRP with MSCs has demonstrated synergistic effects in tissue regeneration. PRP provides a concen-
trated source of growth factors, while MSCs contribute to repair through differentiation and paracrine signaling. This
strategy has been applied successfully in conditions such as OA and tendon injuries.

Clinical efficacy: A meta-analysis by Zhao et al[18] assessed the efficacy and safety of MSCs combined with PRP in
treating knee OA. The study concluded that the combination significantly improved pain relief and functional outcomes
compared with either treatment alone[18].

Preclinical evidence: A study by Wang et al[19] investigated the effects of PRP and adipose-derived MSCs, individually
and in combination, in a rat model of OA. The combination therapy showed superior cartilage preservation and reduced
inflammation compared with monotherapies[19].

PRP and peptide-based therapies
Integrating PRP with peptide-based treatments has the potential to further enhance healing and recovery. Peptides can
modulate inflammation and stimulate cellular activities essential for regeneration, complementing the effects of PRP.

Clinical insights: A comprehensive review by Goulian et al[1] evaluated the clinical efficacy of PRP, MSCs, peptide-based
therapies, and biomimetic materials in orthopedic care. The review concluded that peptide-based therapies, when
combined with PRP, show strong potential for improving tissue regeneration and functional outcomes.

These emerging therapies emphasize the potential of combining PRP with MSCs and peptide-based treatments to
improve orthopedic regenerative outcomes. Nevertheless, large-scale clinical trials are needed to establish standardized
protocols and confirm long-term efficacy.

CONCLUSION

Recent advancements have firmly established PRP therapy as a valuable tool in orthopedic care. Innovations such as PEF
PRP, integration with 3D-printed scaffolds, and combination therapies with MSCs and peptides have enhanced its
regenerative potential. These developments have extended the applications of PRP beyond sports medicine to include
OA, tendinopathies, and cartilage defects. Although PRP demonstrates promising outcomes, standardization of
preparation methods and additional large-scale clinical trials are essential to optimize its efficacy and establish compre-
hensive clinical guidelines.
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