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ABSTRACT 

Background. Sports-related musculoskeletal injuries remain a major problem in both 

professional and recreational athletes because of their high incidence, prolonged recovery, and 

the limited regenerative potential of some tissues. In this context, regenerative medicine has 

attracted increasing interest, particularly through the use of autologous platelet concentrates, 

which may enhance repair by delivering growth factors and other bioactive mediators to injured 

tissues. 

Aim. To summarize current evidence on autologous platelets concentrates in sports medicine, 

with emphasis on their biological mechanisms, major formulations, clinical applications, and 

limitations. 

Material and methods. A narrative literature review was conducted using PubMed, Scopus, 

and Web of Science, focusing mainly on studies published between 2010 and 2026. Eligible 

publications included randomized controlled trials, clinical studies, observational studies, and 

review articles evaluating autologous platelet concentrates in sports-related musculoskeletal 

injuries. 
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Results. Autologous platelet concentrates may promote tissue regeneration through the release 

of mediators involved in angiogenesis, cell proliferation, inflammatory modulation, and 

extracellular matrix remodeling. Major formulations include platelet-rich plasma, leukocyte-

rich and pure platelet-rich plasma, platelet-rich fibrin, injectable platelet-rich fibrin, and 

concentrated growth factors. Clinical studies suggest potential benefits in selected tendon, 

muscle, ligament, and cartilage injuries, although findings remain inconsistent. The main 

limitations include protocol heterogeneity, variable product composition, and lack of 

standardization. 

Conclusions. Autologous platelet concentrates are promising adjuncts in sports medicine, but 

their effectiveness appears to be indication-specific rather than universal. Further protocol 

standardization and high-quality clinical trials are needed to support broader evidence-based 

use. 

Keywords: autologous platelet concentrates; platelet-rich plasma; platelet-rich fibrin; sports 

medicine; musculoskeletal injuries; tissue regeneration 
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1. Introduction  

Sports-related musculoskeletal injuries represent a major challenge in both elite and 

recreational athletes. The growing participation in organized and leisure-time physical activity 

has been accompanied by a high incidence of injury, often leading to pain, functional limitation, 

time loss from training, and increased healthcare utilization [1]. Injury surveillance from the 

Rio 2016 Olympic Games documented 1101 injuries over 17 days, affecting approximately 8% 

of participating athletes and illustrating the considerable burden of musculoskeletal trauma even 

in highly trained populations [1].  

Across sports disciplines, most injuries involve soft tissues, particularly muscles, tendons, and 

ligaments, with the lower extremities being the most frequently affected anatomical region [1,2]. 

Muscle injuries alone account for an estimated 10–55% of all sports-related injuries and most 

commonly affect the hamstrings, quadriceps, and gastrocnemius because of the high 

mechanical demands associated with sprinting and explosive movement [3]. Tendon disorders 

also contribute substantially to the injury burden in physically active individuals. A large 

population-based epidemiological study reported an annual incidence of 15.48 ± 6.33 cases per 

100,000 persons for tendinopathies, with lateral epicondylitis and Achilles tendinopathy among 

the most frequently diagnosed conditions [4].  

Ligament injuries constitute another major category, particularly in dynamic and contact sports. 

Among them, ankle sprains are especially common, accounting for approximately 16–40% of 

all sports injuries, most often involving the lateral ligament complex; notably, 10–40% of 

affected patients may subsequently develop chronic ankle instability, predisposing them to 

persistent symptoms and recurrent injury [5]. Despite advances in rehabilitation and sports 

medicine, the management of these conditions remains challenging. Conventional treatment is 

largely based on rehabilitation, pharmacological symptom control, and, in selected refractory 
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cases, surgery. However, the effectiveness of these approaches is frequently constrained by the 

biological characteristics of musculoskeletal tissues, particularly tendons and ligaments, which 

exhibit low cellularity, poor vascularization, and limited metabolic activity. As a result, healing 

is often slow and incomplete, and the repaired tissue may fail to recover the structural and 

biomechanical properties of native tendon, increasing the risk of persistent symptoms and 

reinjury [6,7,8].  

Exercise-based rehabilitation, especially eccentric loading protocols, remains one of the most 

widely recommended conservative strategies for tendinopathies, yet clinical outcomes are 

variable and often depend on adherence, lesion severity, and the degree of tendon degeneration. 

Even when effective, such programs may require prolonged rehabilitation, and a substantial 

proportion of patients achieve only partial recovery [8,9].  

Pharmacological treatment, including non-steroidal anti-inflammatory drugs and corticosteroid 

injections, is widely used for pain relief, but its effects are largely symptomatic and do not 

necessarily translate into improved tissue regeneration. The role of NSAIDs in tendon healing 

remains controversial, and some evidence suggests that they may interfere with extracellular 

matrix remodeling and biological repair [6,4]. Corticosteroid injections may provide short-term 

benefit; however, repeated administration has been associated with inferior long-term outcomes, 

reduced tendon strength, and a potential risk of tendon rupture [8,9]. Surgical intervention, 

although often necessary in severe or treatment-resistant cases, does not consistently ensure full 

functional recovery and may be complicated by scar formation, adhesions, infection, prolonged 

rehabilitation, or persistent pain despite technically successful repair [7,8,9].  

These limitations have contributed to growing interest in regenerative medicine as a means of 

addressing not only symptoms but also the biological basis of tissue repair. In sports medicine, 

this shift has supported the emergence of biologically oriented therapies designed to enhance 

endogenous healing and improve recovery outcomes [10–13]. Within this field, orthobiologics 

have gained particular relevance and are broadly defined as naturally derived biological 

substances used to support the repair and regeneration of musculoskeletal tissues, including 

blood-derived products, cell-based therapies, and bioactive scaffolds [10,11]. Their 

introduction reflects a broader transition from purely structural repair toward interventions 

intended to stimulate biological healing mechanisms [10].  

Among these approaches, platelet-derived therapies have attracted considerable attention 

because of the central role of platelets in tissue repair. Platelets contain numerous growth factors, 

including PDGF, TGF-β, VEGF, IGF-1, FGF, and EGF, which regulate cellular proliferation, 

angiogenesis, and extracellular matrix synthesis during healing [12]. In addition, orthobiologic 
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therapies may modify the local inflammatory microenvironment, thereby creating more 

favorable conditions for regeneration [10]. Although regenerative interventions are increasingly 

used in clinical practice, they remain limited by variability in preparation protocols, inconsistent 

terminology, and heterogeneity in reported outcomes [11]. Within this context, autologous 

platelet concentrates (APCs) have emerged as one of the most extensively investigated 

orthobiologic strategies because of their autologous origin, relative ease of preparation, and 

ability to deliver concentrated growth factors directly to injured tissues [12,13].  

APCs are blood-derived products obtained from the patient’s own peripheral blood through 

centrifugation-based processing intended to concentrate platelets and other biologically active 

blood components within a reduced plasma volume [14,15,16]. Importantly, APCs do not 

represent a single uniform formulation, but rather a heterogeneous group of preparations that 

differ in platelet concentration, leukocyte content, fibrin architecture, cellular purity, and 

activation status, all of which may influence their biological behavior and clinical performance 

[14–16].  

The concept of platelet concentrates evolved from earlier fibrin-based surgical sealants and 

blood-derived healing adjuvants toward more advanced regenerative formulations. Initial 

interest focused primarily on fibrin as a scaffold for wound repair, followed by increasing 

recognition of platelets as reservoirs of growth factors and, later, of the broader contribution of 

leukocytes, plasma proteins, and fibrin organization to the healing microenvironment [14].  

A major milestone in this evolution was the development of classification systems aimed at 

addressing long-standing inconsistencies in terminology. The most widely cited framework 

divides platelet concentrates into four principal families according to leukocyte content and 

fibrin structure: pure platelet-rich plasma (P-PRP), leukocyte-rich platelet-rich plasma (L-PRP), 

pure platelet-rich fibrin (P-PRF), and leukocyte-rich platelet-rich fibrin (L-PRF) [14]. PRP 

preparations are generally administered in liquid form, whereas PRF-based products form a 

denser fibrin matrix and are typically applied as solid or gel-like biomaterials [15]. Despite 

these advances, APC terminology remains only partially standardized, and the literature 

continues to be affected by substantial heterogeneity in preparation techniques, reporting 

quality, and product composition [16]. Nevertheless, the refinement of classification systems 

and the recognition that APCs are complex biologic constructs rather than simple platelet 

suspensions have provided the conceptual basis for their expanding role in regenerative sports 

medicine [16,17].  

The aim of this narrative review is to critically examine the role of autologous platelet 

concentrates in sports medicine, with particular emphasis on the biological mechanisms through 
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which these products may support musculoskeletal repair and functional recovery. The review 

summarizes current knowledge on the molecular and cellular pathways involved in APC-

mediated regeneration, including growth factor release, inflammatory modulation, 

angiogenesis, cell proliferation, and extracellular matrix remodeling. It also outlines the 

preparation principles and major categories of platelet concentrates used in regenerative 

practice, including PRP, leukocyte-rich and pure PRP formulations, PRF, injectable PRF, and 

concentrated growth factors. In addition, this review evaluates the available evidence regarding 

the use of APCs in common sports-related musculoskeletal conditions, especially tendon, 

muscle, ligament, and cartilage injuries, while addressing the main limitations of the current 

evidence base, ongoing controversies related to product heterogeneity and protocol 

standardization, and future directions for integrating platelet-based therapies into evidence-

based sports medicine. 

 

2. Methodology 

2.1. Literature Search and Study Selection 

A narrative literature review was conducted to identify studies addressing the biological 

mechanisms and clinical applications of autologous platelet concentrates in sports medicine. 

Electronic searches were performed in PubMed, Scopus, and Web of Science for articles 

published between January 2010 and January 2026. Earlier landmark studies were considered 

when necessary to provide historical context. The search strategy combined Medical Subject 

Headings (MeSH) and free-text terms, including: “autologous platelet concentrates”, “platelet-

rich plasma”, “PRP”, “platelet-rich fibrin”, “PRF”, “injectable PRF”, “i-PRF”, “concentrated 

growth factors”, “CGF”, “sports medicine”, “musculoskeletal injuries”, “tendon injury”, 

“muscle injury”, “ligament injury”, and “tissue regeneration”. Boolean operators (AND, OR) 

were used to refine the search, and reference lists of relevant articles were screened to identify 

additional studies. Eligible publications included randomized controlled trials, clinical studies, 

observational studies, and review articles examining the biological properties or clinical 

applications of platelet concentrates in musculoskeletal injuries. Only English-language full-

text articles were included. Conference abstracts, editorials, and studies unrelated to sports 

injuries or regenerative applications of platelet concentrates were excluded. The selected 

literature was analyzed using a qualitative narrative synthesis, focusing on three main aspects: 

types of platelet concentrates, mechanisms of tissue regeneration, and clinical applications in 

sports medicine. Particular attention was given to molecular mechanisms such as growth factor 

signaling, angiogenesis, cellular proliferation, and extracellular matrix remodeling, as well as 
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clinical evidence in tendon, muscle, ligament, and cartilage injuries. Variations in platelet 

preparation methods, platelet concentration, and leukocyte content were also considered due to 

their potential impact on therapeutic outcomes. 

 

2.2.  AI 

AI was utilized for two specific purposes in this research. Text analysis of clinical reasoning 

narratives to identify linguistic patterns associated with specific logical fallacies. Assistance in 

refining the academic English language of the manuscript, ensuring clarity, consistency, and 

adherence to scientific writing standards. AI were used for additional linguistic refinement of 

the research manuscript, ensuring proper English grammar, style, and clarity in the presentation 

of results. It is important to emphasize that all AI tools were used strictly as assistive instruments 

under human supervision. The final interpretation of results, classification of errors, and 

conclusions were determined by human experts in clinical medicine and formal logic. The AI 

tools served primarily to enhance efficiency in data processing, pattern recognition, and 

linguistic refinement, rather than replacing human judgment in the analytical process. 

 

3. Research results  

3.1. Biological mechanisms of tissue regeneration induced by platelet 

concentrates 

Autologous platelet concentrates promote tissue repair through the coordinated release of 

growth factors, cytokines, chemokines, adhesive proteins, and fibrin-associated structural 

components that regulate inflammation, angiogenesis, progenitor-cell activation, and 

extracellular matrix remodeling after injury [18]. Rather than acting as a single-factor 

intervention, these preparations create a biologically active microenvironment that influences 

several overlapping phases of healing, including hemostasis, inflammatory-cell recruitment, 

cellular proliferation, matrix deposition, and tissue maturation [19]. This concept applies not 

only to platelet-rich plasma (PRP), but also to platelet-rich fibrin and injectable platelet-rich 

fibrin, in which the fibrin architecture may prolong the local bioavailability of signaling 

molecules and thereby modify the kinetics of tissue regeneration [20].  

The regenerative response begins with platelet activation after exposure to collagen, thrombin, 

or other local stimuli, followed by release of bioactive mediators stored mainly in α-granules 

and dense granules [19]. Among the most relevant molecules liberated from platelet-derived 

preparations are platelet-derived growth factor, transforming growth factor-β, vascular 

endothelial growth factor, insulin-like growth factor-1, fibroblast growth factors, and epidermal 
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growth factor, all of which regulate cell migration, proliferation, survival, and matrix synthesis 

[21].  

PDGF supports early cellular repopulation of injured tissues and extracellular matrix formation 

through its mitogenic and chemotactic effects on fibroblasts, mesenchymal stromal cells, and 

vascular smooth muscle cells [21]. TGF-β is also a central mediator of repair, stimulating 

collagen production and connective tissue remodeling, although excessive activity may shift 

healing toward fibrosis [22]. VEGF is a key driver of angiogenesis, whereas IGF-1 and FGF 

contribute to anabolic signaling and cell-cycle progression in regenerating tissues [18]. 

Experimental evidence further indicates that EGF released from PRP can directly stimulate 

endothelial-cell proliferation, suggesting that platelet-derived EGF also participates in vascular 

regeneration [23].  

Importantly, the biological effects of platelet products depend on platelet concentration, 

leukocyte content, preparation protocol, and fibrin organization [20]. Consistent with this, 

studies on platelet releasate have shown that higher platelet concentrations are associated with 

stronger proliferative responses and greater involvement of PDGF- and VEGF-dependent 

signaling in myogenic regulation [24].  

Angiogenesis is one of the most consistently described mechanisms underlying the regenerative 

action of platelet concentrates, as newly formed microvessels improve oxygen delivery, nutrient 

exchange, and recruitment of reparative cells to the injured site [21]. VEGF promotes 

endothelial-cell proliferation, migration, and tube formation through receptor-mediated 

signaling, while PDGF and FGF support vessel maturation and stromal-endothelial interactions 

[21].  

In vitro studies further confirm that platelet-derived preparations stimulate endothelial activity 

and that blockade of EGF attenuates part of this proliferative response [23]. In skeletal muscle, 

platelets also act as an early source of VEGF at a stage when necrotic myofibers are temporarily 

unable to provide sufficient proangiogenic signals, thereby linking the hemostatic response to 

subsequent vascular regeneration [19]. Injectable PRF may further strengthen this effect 

because it provides a slower and more sustained release of growth factors than PRP, which may 

be advantageous in poorly vascularized tissues or chronic lesions requiring prolonged 

biological stimulation [20]. Platelet-derived preparations also exert direct effects on cell 

populations involved in musculoskeletal repair.  

Platelet-derived mediators stimulate the migration and proliferation of fibroblasts, endothelial 

cells, mesenchymal stromal cells, and tissue-resident progenitors, thereby amplifying 
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endogenous repair mechanisms [18]. In skeletal muscle, this includes activation of satellite cells, 

the principal stem-cell population responsible for post-injury regeneration [19].  

Platelets are now recognized as active regulators of early regeneration, in part because platelet-

secreted chemokines such as CXCL5 and CXCL7/PPBP participate in neutrophil recruitment 

to injured muscle, and disruption of this step compromises subsequent myofiber growth, 

angiogenesis, and functional recovery [19]. Platelet releasate and PRP also act directly on 

myogenic cells, increasing myoblast and muscle stem-cell proliferation in a dose-dependent 

manner through mechanisms involving PDGF and VEGF receptor signaling [9]. In addition, 

platelet releasate has been shown to increase muscle stem-cell commitment to differentiation 

through a signaling axis involving Cyclin D1, MyoD, Scrib, and myogenin [24]. Similarly, PRP 

enhances C2C12 myoblast proliferation, satellite-cell activation, and expression of MyoD, 

myogenin, and α-sarcomeric actin, with concurrent activation of AKT signaling [25]. These 

effects may be further potentiated when PRP is combined with bone marrow-derived 

mesenchymal stromal cells, suggesting that platelet products may enhance regeneration both 

directly and through stromal-cell paracrine activity [25].  

In vivo, these mechanisms are supported by findings that PRP improves skeletal muscle healing 

in a concentration-dependent manner, increasing regenerative myofiber number and diameter, 

enhancing expression of myogenic regulatory factors, and improving functional recovery [26].  

Extracellular matrix remodeling is another critical component of platelet-mediated regeneration, 

as restoration of tissue architecture requires controlled matrix synthesis, whereas excessive 

collagen deposition leads to fibrosis and incomplete functional recovery. Platelet preparations 

regulate this balance through their effects on fibroblast activity, collagen synthesis, fibronectin 

deposition, macrophage polarization, and angiogenesis [18].  

TGF-β is central to this process because, although it supports connective tissue repair, it is also 

a well-established driver of fibrosis when present in excess [22]. This dual role may partly 

explain the heterogeneity of reported outcomes, since platelet concentrates contain both pro-

regenerative and potentially pro-fibrotic mediators.  

In skeletal muscle, selective neutralization of TGF-β1 within PRP reduced collagen deposition, 

enhanced angiogenesis, prolonged the presence of Pax7-positive satellite cells, and increased 

recruitment of M2 macrophages, indicating that the therapeutic efficacy of platelet products 

depends on the balance between regenerative and fibrotic signaling [22]. Additional evidence 

from muscle injury models suggests that PRP may also reduce fibrosis, as reflected by lower 

fibronectin expression and smaller scar areas, with stronger effects observed at higher platelet 

concentrations [26].  
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In PRF-based products, the fibrin scaffold may provide an additional advantage by functioning 

both as a provisional structural matrix and as a reservoir for gradual mediator release, thereby 

supporting coordinated tissue remodeling over time [20]. 

 

3.2. Types of autologous platelet concentrates 

Autologous platelet concentrates comprise a heterogeneous group of blood-derived products 

whose biological activity depends on preparation method, platelet enrichment, leukocyte 

content, fibrin architecture, and activation strategy [15]. This heterogeneity is one of the main 

reasons why the generic term “PRP” is often scientifically insufficient, particularly because 

many studies still fail to report key methodological variables such as baseline platelet count, 

post-processing concentration, centrifugal force, or leukocyte composition [27].  

A widely used conceptual framework remains the classification proposed by Dohan Ehrenfest 

et al., which divides platelet concentrates into four major groups according to leukocyte content 

and fibrin structure: pure platelet-rich plasma, leukocyte-rich platelet-rich plasma, pure platelet-

rich fibrin, and leukocyte-rich platelet-rich fibrin [14]. More recently, newer liquid fibrin 

derivatives such as injectable PRF have expanded this classification by combining injectability 

with fibrin-based regenerative signaling [20].  

Platelet-rich plasma is broadly defined as an autologous plasma fraction obtained after 

centrifugation of whole blood and containing platelet levels above physiological baseline [15]. 

Because PRP remains liquid prior to activation, it can be injected or applied topically, which 

has contributed to its widespread use in sports medicine and orthopedic practice [14].  

However, substantial variability exists among commercial systems and laboratory protocols, 

leading to major differences in platelet concentration, leukocyte carryover, red blood cell 

contamination, and growth factor release profiles [15]. This lack of standardization remains a 

major limitation of the field, since insufficient reporting prevents reliable comparison across 

studies and weakens interpretation of clinical outcomes [27]. Within this broader category, 

leukocyte-rich PRP and pure platelet-rich plasma represent biologically distinct formulations. 

Leukocyte-rich PRP contains platelets together with leukocytes and forms a low-density fibrin 

network after activation [14].  

Because of its cellular composition, L-PRP is generally considered more inflammatory and has 

therefore been proposed as potentially advantageous in some tendon-healing settings, although 

this effect may be less desirable in intra-articular applications [15]. An umbrella review of 

rotator cuff surgery showed that leukocyte-rich PRP did not reduce retear rates or improve most 
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standard postoperative outcomes compared with non-PRP controls, although it did improve 

Simple Shoulder Test scores [28].  

By contrast, pure platelet-rich plasma, also termed leukocyte-poor PRP, contains minimal 

leukocytes and is often regarded as preferable when limiting inflammation is clinically 

important, particularly in cartilage or joint pathology [14]. This distinction also appears 

clinically relevant, as leukocyte-poor PRP was associated with lower retear rates, reduced 

postoperative pain, and improved Constant scores in rotator cuff surgery, whereas similar 

benefits were not consistently demonstrated for leukocyte-rich preparations [28]. 

Platelet-rich fibrin is generally considered a second-generation platelet concentrate developed 

to avoid the use of anticoagulants and to preserve a more physiological clotting-based matrix 

[6]. Unlike PRP, PRF is characterized by a denser fibrin architecture, which allows it to function 

both as a source of bioactive mediators and as a structural scaffold for tissue healing [14].  

In the classic consensus classification, PRF includes both pure PRF and leukocyte-rich PRF, 

depending on leukocyte content [14]. Because these formulations polymerize into a solid fibrin 

matrix, they are better suited to topical or surgical use than to direct injection, but this same 

fibrin network also supports a slower release of signaling molecules than conventional PRP 

[20].  

Injectable platelet-rich fibrin was later developed as a liquid form of PRF by reducing 

centrifugation speed so that fibrinogen and thrombin remain temporarily unpolymerized, 

thereby enabling injection before clot formation [20]. In contrast to PRP, i-PRF is produced 

without anticoagulants, which may be biologically advantageous because coagulation itself 

forms part of the natural healing cascade [29].  

Early protocols produced a formulation that remained injectable for approximately 15–20 

minutes, while later refinements showed that i-PRF typically yields approximately two- to 

threefold platelet enrichment compared with whole blood, and that horizontal centrifugation 

with buffy-coat harvesting can increase cellular concentration further [20]. A major functional 

difference is that i-PRF provides a slower and more sustained growth factor release than PRP, 

which may support longer regenerative signaling and partly explain its growing interest in 

orthopedics and musculoskeletal repair [20].  

Concentrated growth factors are generally regarded as a further development within the family 

of fibrin-rich autologous platelet concentrates, designed to provide a dense fibrin scaffold 

enriched with regenerative mediators. However, the currently available literature also 

highlights a major methodological limitation: many studies evaluating CGF and related 

products do not adequately report platelet concentration, leukocyte content, platelet-to-
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leukocyte ratio, or activation status, making rigorous comparison with PRP- and PRF-based 

formulations difficult [30]. Thus, although CGF is an important component of the broader APC 

landscape, its exact biological and clinical distinctiveness remains limited by insufficient 

standardization and reporting quality [30]. The major formulation-related differences among 

APCs are presented in Table 1. 

Overall, PRP, L-PRP, P-PRP, PRF, i-PRF, and CGF should not be regarded as interchangeable 

products, since they differ in cellular composition, fibrin organization, handling properties, and 

likely clinical behavior [15]. For this reason, future studies should move beyond generic 

terminology and describe platelet formulations with sufficient biological and procedural 

precision to allow meaningful interpretation and reproducible clinical application [27]. 

 

Table 1. Comparative characteristics of autologous platelet concentrate 

formulations 

Formulation Leukocyte 

content 

Fibrin 

structure 

Physical 

form 

Anticoagulant Release 

profile 

Main 

advantages 

Main 

limitations 

Typical 

applications 

PRP Variable Minimal 

before 

activatio

n 

Liquid Usually 

used 

Rapid Broad 

availabil

ity, 

injectabi

lity, 

clinical 

versatilit

y 

Marked 

inter-

system 

variabili

ty 

Tendon, 

muscle, 

ligament

, intra-

articular 

use 

L-PRP High Low-

density 

fibrin 

network 

after 

activatio

n 

Liquid Usually 

used 

Rapid to 

intermed

iate 

Greater 

cellular 

and 

inflamm

atory 

contribu

tion; 

potential 

utility in 

Higher 

inflamm

atory 

reactivit

y 

Tendino

pathies, 

selected 

surgical 

augment

ation 
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selected 

tendon 

lesions 

P-PRP / 

LP-PRP 

Low Minimal 

before 

activatio

n 

Liquid Usually 

used 

Rapid Lower 

inflamm

atory 

burden; 

potential

ly better 

suited 

for 

intra-

articular 

use 

Substant

ial 

protocol 

depende

nce 

Early 

OA, 

cartilage 

disorder

s, 

selected 

tendon 

conditio

ns 

PRF Variable Dense 

fibrin 

matrix 

Solid / 

gel-like 

Not 

used 

Sustaine

d 

Scaffold 

effect, 

prolonge

d 

mediator 

release 

Limited 

injectabi

lity 

Surgical 

augment

ation, 

chronic 

lesions 

i-PRF Variable Fibrin 

network 

forms 

after 

injection 

Liquid 

for 

limited 

time 

Not 

used 

Sustaine

d 

Combin

es 

injectabi

lity with 

fibrin-

based 

signalin

g 

Lower 

standard

ization 

Soft-

tissue 

repair, 

chronic 

lesions 

CGF Variable Dense 

fibrin-

Clot / 

membra

ne-like 

Generall

y not 

used 

Sustaine

d 

Potential

ly strong 

scaffold 

Poor 

reportin

g and 

Experim

ental or 



16 

 

 

rich 

matrix 

and 

mediator 

reservoir 

limited 

standard

ization 

adjuncti

ve use 

Table note: PRP, platelet-rich plasma; L-PRP, leukocyte-rich platelet-rich plasma; P-PRP, 

pure platelet-rich plasma; LP-PRP, leukocyte-poor platelet-rich plasma; PRF, platelet-rich 

fibrin; i-PRF, injectable platelet-rich fibrin; CGF, concentrated growth factors. 

 

3.3. Clinical applications of platelet concentrates in sports medicine  

3.3.1. Tendon injuries 

Tendon disorders remain among the most intensively studied indications for autologous platelet 

concentrates in sports medicine, particularly in patellar tendinopathy, Achilles tendinopathy, 

and lateral epicondylitis, although the strength of evidence differs substantially across 

anatomical sites [31].  

Available evidence indicates that PRP may be beneficial in patellar tendinopathy, particularly 

in refractory cases, but the literature remains methodologically limited and highly 

heterogeneous, precluding firm treatment recommendations [31]. This cautious interpretation 

is consistent with the broader review by Bosco et al., who concluded that PRP for jumper’s 

knee remains promising but inconsistent, with outcomes influenced by patient selection, 

injection protocol, and disease chronicity [32].  

The most favorable findings derive from studies suggesting that repeated PRP injections may 

provide more durable benefit than eccentric exercise in patients who have failed standard 

conservative management [31]. However, comparison across studies remains difficult because 

protocols vary in platelet composition, leukocyte content, injection number, activation strategy, 

and rehabilitation adjuncts [32].  

More recent randomized evidence further supports a cautiously positive interpretation, as van 

der Heijden et al. found that all groups improved over 52 weeks, but the largest pain reduction 

occurred in the PRP group [33]. In the same study, only PRP was associated with significant 

improvement in ultrasound shear wave speed and a decrease in single-component UTE T2* 

relaxation time, suggesting that PRP may induce measurable tendon remodeling in addition to 

symptomatic improvement [33].  

By contrast, evidence for PRP in Achilles tendinopathy remains largely unconvincing. A 2024 

systematic review and meta-analysis by Ling et al. found no significant differences between 
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PRP and control treatment in VISA-A scores at short-, intermediate-, or long-term follow-up, 

and no significant changes in tendon thickness on ultrasound [34].  

These conclusions are supported by an earlier 2023 meta-analysis by Vithran et al., which also 

found no significant improvement in VISA-A score, patient satisfaction, return to exercise rate, 

or long-term VAS outcomes with PRP compared with placebo or control treatment [35]. 

Notably, that analysis identified a significant improvement in VAS only at 12 weeks, while 

effects at 6 and 24 weeks remained non-significant, suggesting that any analgesic benefit may 

be transient rather than sustained [35].  

Lateral epicondylitis represents another tendon-related disorder in which PRP has shown 

clinically relevant potential, although interpretation depends strongly on the comparator and 

timing of assessment. Niemiec et al. demonstrated that PRP-treated patients improved over time 

on VAS, DASH, PRTEE, and MAYO scores, with mean changes exceeding minimal clinically 

important difference thresholds for most outcome measures across clinically relevant follow-

up intervals [36].  

This analysis also suggested that both leukocyte-rich and leukocyte-poor PRP formulations may 

achieve clinically meaningful benefit, indicating that response may not depend exclusively on 

leukocyte content [36]. When PRP is compared directly with corticosteroid injection, the 

temporal pattern becomes particularly important: Maroun et al. showed that corticosteroids 

provide better short-term pain relief, whereas PRP is associated with superior long-term pain 

reduction and better long-term DASH scores [37].  

However, the same study also noted that the long-term DASH advantage of PRP did not exceed 

the minimal clinically important difference threshold, indicating that statistical superiority does 

not automatically translate into clear clinical superiority [37]. Averell et al. further showed that 

although both low- and high-concentration PRP reduced pain in lateral epicondylitis, platelet 

concentration itself did not significantly influence comparative pain outcomes [38].  

Overall, the evidence indicates that the role of autologous platelet concentrates in tendon 

injuries is condition-specific rather than uniform. PRP appears most promising in patellar 

tendinopathy and in the longer-term management of lateral epicondylitis, whereas evidence in 

Achilles tendinopathy remains largely negative or inconclusive despite isolated short-term 

improvements in pain reported in some analyses [31].  

Even where outcomes appear favorable, however, the field remains limited by inconsistent 

product characterization, heterogeneous control interventions, and variable reporting standards, 

all of which continue to hinder the development of robust evidence-based treatment algorithms 

for tendon injuries in sports medicine [35]. 
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3.3.2. Muscle injuries  

Muscle injuries, particularly acute hamstring strains, represent one of the most clinically 

relevant yet also most controversial indications for autologous platelet concentrates in sports 

medicine, because a promising biological rationale has not translated into uniform clinical 

benefit across randomized trials [39].  

Basic science data suggest that PRP may support muscle repair by enhancing cellular 

proliferation, myogenic differentiation, angiogenesis, and histological tissue quality, but the 

available literature remains highly heterogeneous in formulation and methodology, which 

complicates clinical interpretation [39].  

One of the earliest randomized controlled trials reported favorable clinical results. Hamid et al. 

found that a single autologous PRP injection combined with rehabilitation significantly 

shortened return-to-play time in acute grade 2 hamstring injuries compared with rehabilitation 

alone, with mean recovery times of 26.7 ± 7.0 versus 42.5 ± 20.6 days [40].  

The same trial also showed significantly lower pain severity scores during follow-up in the PRP 

group, although no significant difference was observed for pain interference [40]. Importantly, 

the preparation used in that study was characterized by marked platelet and leukocyte 

enrichment, indicating that the reported effect was linked to a specific PRP formulation rather 

than to PRP as a uniform therapeutic entity [40].  

However, subsequent higher-rigor evidence challenged the consistency of these benefits. In a 

three-arm randomized trial involving athletes with MRI-positive grade I or II hamstring injuries, 

Hamilton et al. found no significant advantage of a single PRP injection over intensive 

standardized rehabilitation alone in terms of return to sport or reinjury rates [41].  

Although PRP shortened return-to-play time compared with platelet-poor plasma, it did not 

significantly outperform the no-injection group, leading the authors to conclude that 

rehabilitation remained the principal determinant of recovery [41]. The same study also found 

no significant between-group differences in MRI changes or isokinetic strength outcomes, 

which further weakened the rationale for routine PRP use in this setting [41].  

More recent evidence has again shifted the balance toward a more favorable interpretation, at 

least in well-defined grade 2 hamstring injuries treated under standardized conditions. In a 2025 

randomized controlled trial, Desouza and Shetty reported that ultrasound-guided PRP combined 

with standard rehabilitation significantly accelerated return to play compared with standard 

therapy alone, with mean return times of 26.4 ± 4.5 versus 34.2 ± 5.7 days [42].  

Radiological healing at 21 days was also significantly greater in the PRP group, whereas 

reinjury rates, although lower, were not significantly different [42]. Subgroup analyses further 
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suggested that this effect was consistent across different grade 2 injury subtypes and across 

different hamstring muscles, implying that protocol standardization and image-guided delivery 

may meaningfully influence treatment response [42].  

Taken together, the evidence does not support a uniform benefit of PRP in acute muscle injury, 

but it also does not justify a categorical dismissal of its therapeutic value. Positive trials have 

generally involved clearly defined grade 2 lesions treated with structured rehabilitation, 

whereas negative trials have emphasized that PRP may add little when rehabilitation is already 

optimized, especially in elite settings [41].  

This inconsistency likely reflects variation in study design, comparator arms, return-to-play 

criteria, PRP composition, injection timing, image guidance, and injury severity [40]. Therefore, 

the available evidence supports a cautious and selective interpretation: platelet concentrates 

may be beneficial in some acute hamstring injuries, but their clinical value remains highly 

protocol-dependent and insufficiently standardized for universal recommendation [42]. 

 

3.3.3. Ligament injuries  

Ligament injuries, particularly anterior cruciate ligament tears, remain an important target for 

biologic augmentation in sports medicine because graft incorporation, tendon-bone healing, 

postoperative pain, and restoration of knee stability directly influence recovery and return to 

sport [43]. PRP has therefore been investigated as an adjunct to ACL reconstruction, although 

current evidence remains inconsistent [44].  

Recent meta-analyses indicate that PRP may provide selective rather than global benefit after 

ACL reconstruction. Serag et al. found that PRP significantly improved KT-1000 

measurements, indicating better postoperative knee stability, but did not significantly improve 

Lysholm, IKDC, Tegner, or pain outcomes overall, and had no significant effect on femoral or 

tibial tunnel diameters [43].  

Tayyab et al. reported that PRP significantly reduced pain at 3 and 6 months, but not at 12 

months, suggesting a predominantly short-term analgesic effect [44]. Similarly, Zhang et al. 

found significant improvement in pain at 3 months, Lysholm score at 6 months, and IKDC 

score at 12 months, although these benefits were generally modest and often did not reach 

minimal clinically important difference thresholds [45].  

A major limitation across all reviews is the marked heterogeneity of PRP protocols. Differences 

in platelet concentration, leukocyte content, activation methods, timing of delivery, injection 

site, graft type, and use of single versus repeated administration make direct comparison 

difficult and likely contribute to the divergent findings among pooled analyses [44].  
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Structural outcomes have also remained largely unimproved, as Serag et al. found no 

meaningful effect on tunnel widening [42]. Likewise, Zhang et al. reported no significant 

impact on graft maturation indices or most long-term stability measures, despite some early 

symptomatic improvement [45]. 

Overall, the available evidence does not support a routine role for PRP in ACL reconstruction, 

but it does suggest limited adjunctive value in selected settings, particularly for short-term pain 

reduction and possibly early recovery-related outcomes [44]. However, the lack of consistent 

long-term functional, radiological, and structural benefit indicates that PRP should presently be 

regarded as an optional biologic adjunct rather than a standard component of ligament 

reconstruction protocols [45]. 

 

3.3.4. Cartilage and joint injuries  

Cartilage and joint disorders represent an increasingly important indication for autologous 

platelet concentrates in sports medicine, particularly in physically active patients with early 

degenerative joint changes, although the available evidence is driven mainly by studies on knee 

osteoarthritis rather than focal chondral lesions [46].  

Current meta-analytic data suggest that PRP may provide clinically meaningful improvement 

in pain and function, but convincing evidence of structural disease modification remains limited 

[47].  

The strongest evidence currently concerns knee osteoarthritis. In a 2025 meta-analysis of 28 

randomized trials, PRP provided pain relief comparable to hyaluronic acid but superior 

functional improvement, with the best outcomes observed when PRP was combined with 

hyaluronic acid and in patients with earlier radiographic disease stages [48].  

The same study suggested that treatment response may depend on procedural variables, with 

the most favorable outcomes reported for platelet concentrations of 600–900 × 10⁹/L and for 

3–5 injections given at 7–14-day intervals [48]. A broader meta-analysis across multiple joints 

reached a similar conclusion, showing that PRP improved pain in knee, ankle, and 

temporomandibular joint osteoarthritis, but not significantly in hip osteoarthritis, and also 

improved WOMAC, KOOS, and IKDC-related functional outcomes overall [49]. Importantly, 

that analysis suggested that leukocyte-poor PRP may be more effective than leukocyte-rich PRP 

for pain reduction in osteoarthritis, possibly because of a more favorable intra-articular 

inflammatory profile [49].  

More recent knee-specific pooled evidence also supports a symptomatic benefit, while 

emphasizing persistent inconsistency across trials. A 2025 systematic review of randomized 
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controlled studies found that PRP produced moderate improvements in pain and function 

compared with control treatments, but did not demonstrate convincing structural improvement 

on MRI [47].  

This limitation is particularly relevant in sports medicine, where symptom reduction alone may 

not be sufficient if restoration of load tolerance and tissue integrity is the ultimate goal. In sport-

active patients aged 50 years or younger with symptomatic knee cartilage degeneration or 

osteoarthritis, three PRP injections resulted in significant improvements in IKDC, EQ-VAS, 

and Tegner scores up to 24 months [46].  

However, return-to-sport outcomes were less favorable, as only 76.6% of patients returned to 

some sport activity and only 48.9% returned to their pre-symptom level [46].  

Taken together, the available literature supports PRP as a potentially useful symptomatic 

treatment for selected cartilage-related and early degenerative joint conditions, particularly 

knee osteoarthritis, with the most consistent benefits observed in pain reduction and functional 

improvement rather than structural regeneration [48]. Nevertheless, the literature remains 

limited by heterogeneity in PRP formulation, injection protocol, comparator selection, and 

imaging endpoints, and direct evidence in focal cartilage injuries or athlete-specific chondral 

pathology is still sparse [47].  

The available clinical evidence indicates that the therapeutic effects of autologous platelet 

concentrates are indication-specific rather than uniform across musculoskeletal conditions, as 

summarized in Table 2. 

 

Table 2. Indication-specific clinical evidence for autologous platelet concentrates in 

sports medicine 

Indication Main APC 

formulation 

studied 

Reported 

benefit 

Main 

limitations of 

evidence 

Overall 

evidence 

signal 

Clinical 

interpretation 

Patellar 

tendinopathy 

[31–33] 

PRP Pain 

reduction 

and possible 

tendon 

remodeling, 

particularly 

Small sample 

sizes, 

heterogeneou

s protocols, 

variable 

injection 

Promising but 

heterogeneous 

PRP may be 

considered in 

selected 

refractory 

cases, but 

current 
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in refractory 

cases 

schedules 

and 

rehabilitation 

co-

interventions 

evidence 

remains 

insufficient 

for universal 

recommenda

tions 

Achilles 

tendinopathy 

[34,35] 

PRP Occasional 

short-term 

analgesic 

benefit 

reported 

No 

consistent 

improvement 

in VISA-A 

score, return 

to sport, 

tendon 

morphology, 

or long-term 

outcomes 

Inconclusive 

to 

unfavorable 

Current 

evidence 

does not 

support PRP 

as a reliably 

effective 

treatment 

option 

Lateral 

epicondylitis 

[36–38] 

PRP 

(leukocyte-

rich and 

leukocyte-

poor) 

Longer-term 

pain and 

functional 

improvement 

compared 

with 

corticosteroi

d injection 

Comparator-

dependent 

outcomes 

and variable 

clinical 

significance 

Moderately 

favorable 

One of the 

more 

convincing 

tendon-

related 

indications 

for PRP 

Acute 

hamstring 

injury [39–

42] 

PRP Possible 

shorter 

return-to-

play time 

and 

improved 

radiological 

Conflicting 

randomized 

evidence and 

strong 

protocol 

dependence 

Mixed / 

protocol-

dependent 

May be 

beneficial in 

selected 

standardized 

protocols but 

evidence 
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healing in 

selected 

cases 

remains 

inconsistent 

ACL 

reconstructio

n [43–45] 

PRP Possible 

short-term 

reduction in 

pain and 

modest early 

recovery 

improvement 

No 

consistent 

long-term 

superiority in 

structural or 

functional 

outcomes 

Limited 

adjunctive 

value 

Best 

regarded as 

an adjunct 

rather than 

routine 

therapy 

Early knee 

osteoarthritis 

/ cartilage 

degeneration 

[46–49,57–

59] 

PRP (often 

LP-PRP) 

Improvement 

in pain and 

function 

Limited 

evidence of 

structural 

regeneration 

and 

substantial 

trial 

heterogeneity 

Symptomatic 

benefit more 

consistent 

than 

structural 

benefit 

Reasonable 

symptomatic 

option in 

selected 

active 

patients with 

early disease 

 

Table note: References are provided in the first column and apply to the entire corresponding 

row unless otherwise specified. 

 

3.4. Safety profile and limitations  

Autologous platelet concentrates are generally regarded as relatively safe interventions because 

they are derived from the patient’s own blood and therefore avoid the immunogenic and 

transmissible risks associated with allogeneic products [27]. Across contemporary 

musculoskeletal literature, the most common adverse events after PRP administration are local 

and self-limited rather than severe or systemic [48].  

In a large safety synthesis of PRP for knee osteoarthritis, pain was the most frequent adverse 

effect, followed by local swelling and occasional mild febrile reactions, with most events 

occurring within 24–48 hours and resolving spontaneously within 72 hours [48]. The same 

analysis identified leukocyte-rich PRP as the preparation associated with the highest adverse-
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event rate, suggesting that leukocyte burden may contribute to post-injection inflammatory 

reactivity [48].  

Comparative randomized evidence likewise indicates that serious complications remain 

uncommon, although mild synovitis, transient pain, nausea, dizziness, or palpitations have been 

reported after intra-articular PRP [50].  

The major limitation of the current evidence base is not primarily safety, but inconsistency in 

biologic characterization, protocol design, and reporting quality. PRP represents a broad 

spectrum of preparations containing variable levels of platelets, leukocytes, red cells, and 

bioactive mediators, and this heterogeneity critically influences biologic activity and clinical 

outcome [51].  

Murray et al. emphasized that inadequate reporting of basic formulation variables, including 

platelet and leukocyte concentrations, often makes comparison between studies difficult and 

replication impossible [51]. This concern is reinforced by broader evidence showing substantial 

variability in centrifugation methods, platelet concentration, leukocyte inclusion, activation, 

and delivery protocols across the PRP literature, with no universally accepted preparation 

standard currently in routine use [27].  

Collins et al. likewise stressed that PRP should not be regarded as a single product, because 

differences in composition and preparation can substantially alter its biological behavior and 

likely contribute to conflicting clinical outcomes [15]. In a cross-specialty analysis, Oyadomari 

et al. showed that detailed reporting of PRP processing and composition remained uncommon, 

while many studies were judged to have high risk of bias [52].  

Similar methodological inconsistency was also identified in the GTPS literature, where key 

technical parameters varied markedly across randomized trials, thereby limiting reproducibility 

and definitive interpretation [53]. These limitations extend beyond PRP to other platelet-

derived formulations. Miron et al. showed that even within injectable PRF, differences in 

centrifugation speed, tube material, harvesting strategy, and buffy-coat collection can 

substantially alter platelet and leukocyte yield, as well as the duration of liquid handling and 

growth factor release kinetics [20].  

Tanzadehpanah et al. likewise highlighted that PRP composition may vary according to 

preparation method, storage duration, storage conditions, and interaction with other materials, 

making cross-study comparison especially difficult in translational settings [21].  

A further biologic limitation is that platelet products contain not only pro-regenerative 

mediators but also factors that may exert unfavorable effects depending on tissue context. In 

skeletal muscle, Li et al. demonstrated that neutralization of TGF-β1 within PRP reduced 
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fibrosis and enhanced regenerative features, suggesting that some endogenous PRP components 

may counterbalance or even limit its therapeutic benefit [22].  

Even when favorable results are reported, interpretation may still be distorted by selective 

presentation. Richardson et al. found at least one form of spin in every abstract of systematic 

reviews and meta-analyses on PRP for knee osteoarthritis, with benefit often emphasized 

despite substantial bias in the primary literature [54].  

Taken together, these data suggest that autologous platelet concentrates have a favorable short-

term safety profile, but the current evidence base remains constrained by major methodological, 

biological, and reporting limitations [52]. Until product characterization and study design 

become more standardized, apparently conflicting results will remain difficult to interpret and 

robust evidence-based recommendations will remain limited [51]. 

 

4. Discussion 

4.1. Summary of current evidence 

This narrative review indicates that autologous platelet concentrates constitute a biologically 

plausible and clinically promising group of orthobiologic interventions in sports medicine, but 

their therapeutic value is not consistent across all musculoskeletal indications [5,10–16,18–

20,27,60,61].  

The regenerative rationale for APCs derives from their capacity to deliver a broad array of 

growth factors, cytokines, chemokines, and fibrin-associated structural elements involved in 

angiogenesis, progenitor-cell activation, extracellular matrix remodeling, and modulation of the 

early healing environment [17–23]. Rather than behaving as a single pharmacological agent, 

APCs function as complex biologic microenvironments capable of influencing several 

overlapping phases of tissue repair, including inflammatory-cell recruitment, proliferative 

activity, matrix deposition, and tissue maturation [17–20,51].  

However, the evidence reviewed here indicates that this mechanistic potential translates into 

clinically meaningful benefit only in selected settings and remains strongly dependent on 

product composition, treatment protocol, and tissue-specific biology [15,20,27,51,55]. 

Among currently studied indications, the most convincing signal of efficacy is observed in 

selected tendon disorders, although responsiveness appears to be highly site-specific [31–

38,55,56]. In patellar tendinopathy, PRP appears to provide potential benefit, particularly in 

refractory disease and possibly when repeated injections are used, but the evidence remains 

heterogeneous and insufficient to support firm recommendations [31–33,56].  
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Lateral epicondylitis is another indication in which PRP may offer clinically relevant longer-

term benefit, especially when compared with corticosteroid injections that tend to provide 

superior short-term but less durable relief [36,37]. By contrast, Achilles tendinopathy remains 

the least encouraging tendon indication, with meta-analyses showing no consistent advantage 

over placebo or control treatment in pain, function, or tendon morphology [34,35,56].  

Collectively, these findings suggest that tendon disorders should not be treated as a single 

therapeutic category with respect to APC responsiveness, because anatomical site, chronicity, 

comparator choice, product composition, and protocol design are all likely to influence 

treatment outcomes [31,32,35,55,61]. 

The discrepancy between biologic plausibility and clinical inconsistency is even more evident 

in muscle injury [18,19,24–26,39–42,55,56]. Experimental data strongly support the concept 

that platelet-derived preparations may enhance muscle healing by promoting angiogenesis, 

satellite-cell activation, myogenic differentiation, and attenuation of fibrosis [17,19,22,24–26].  

Nevertheless, randomized trials in acute hamstring injury have produced conflicting results. 

Some studies have reported shorter return-to-play times and lower pain severity when PRP is 

added to rehabilitation, whereas others have not demonstrated meaningful benefit beyond 

optimized rehabilitation alone [40–42,55].  

Notably, favorable studies have generally involved more tightly defined lesions, structured 

rehabilitation, and clearer procedural standardization, suggesting that the apparent benefit may 

depend on careful patient selection and protocol consistency rather than on PRP use per se 

[40,42,55]. This interpretation aligns with broader contemporary reviews indicating that PRP 

may shorten recovery and facilitate return to activity in selected sports injuries, while overall 

efficacy remains dependent on appropriate preparation protocols and patient-specific factors 

[39–42,55,56,60].  

Accordingly, the evidence does not support a uniform role for APCs in acute muscle injury, but 

neither does it justify dismissing them as categorically ineffective [39–42,55,56]. 

In ligament-related applications, particularly anterior cruciate ligament reconstruction, APCs 

appear to provide at most selective adjunctive benefit rather than broad clinical improvement 

[43–45,55]. Meta-analytic data suggest that PRP may improve some early postoperative 

outcomes, such as short-term pain reduction and selected measures of early recovery, but these 

effects are generally modest and inconsistent [43–45].  

More importantly, the literature does not demonstrate robust long-term superiority in functional 

scores, graft maturation, tunnel widening, or structural healing [43–45,55]. This pattern 

suggests that APCs may have a limited role as biologic adjuncts in carefully selected 
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reconstructive settings, but current evidence does not support their routine incorporation into 

standard ligament reconstruction protocols [44,45]. 

For cartilage and joint disorders, especially early knee osteoarthritis in physically active 

individuals, APCs appear to provide the most consistent symptomatic benefit, although 

evidence of true structural regeneration remains limited [46–49,57–59]. Multiple pooled 

analyses indicate that PRP can improve pain and function, with some data suggesting better 

outcomes in earlier disease stages or selected patient subgroups [47–49,58].  

At the same time, structural improvement remains insufficiently demonstrated, and even 

guideline-level evaluations continue to conclude that the evidence is not yet strong enough to 

support unequivocal recommendation for or against PRP use in knee osteoarthritis [59]. This 

distinction is particularly relevant in sports medicine, where the therapeutic objective extends 

beyond pain reduction to restoration of load tolerance, tissue integrity, and return to pre-injury 

performance.  

Overall, APCs should therefore be interpreted not as a uniform regenerative treatment class, 

but as a group of biologically distinct products with indication-specific and protocol-dependent 

clinical utility [15,20,27,31,39,44,47,51,58]. 

 

4.2. Advantages of platelet concentrates in sports medicine 

Despite the limitations of the current literature, APCs retain clear clinical appeal in sports 

medicine because they may address several shortcomings of conventional treatment strategies 

[6–13].  

Their autologous origin is a major advantage, minimizing the risk of immunogenic reaction and 

eliminating concerns related to disease transmission associated with allogeneic products 

[12,13,17,27]. In addition, APCs can be prepared rapidly from peripheral blood and 

administered in a minimally invasive manner directly to the injured tissue, making them 

logistically compatible with contemporary sports medicine practice [12–17,55,60].  

This combination of biologic origin, procedural simplicity, and local targeted delivery 

distinguishes APCs from more complex regenerative approaches and helps explain their 

widespread clinical appeal [10–13,17]. 

A second advantage is their close mechanistic alignment with the biological challenges of 

musculoskeletal healing [6–8,18–23]. Many sports-related injuries involve tissues 

characterized by poor vascularity, low cellularity, and limited intrinsic regenerative capacity, 

particularly tendons, ligaments, and cartilage [6–8].  
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APCs are conceptually attractive in this setting because they can deliver mediators involved in 

angiogenesis, fibroblast recruitment, matrix synthesis, satellite-cell activation, and 

inflammatory modulation, thereby potentially enhancing endogenous repair in tissues that 

otherwise recover slowly and incompletely [18–23]. Their proposed mode of action therefore 

corresponds closely to a central therapeutic need in sports medicine: not merely reducing pain, 

but promoting a more favorable biologic environment for repair [10–13,18–20]. 

An additional strength is that APC-based therapies should not be viewed as a single intervention, 

but as a spectrum of biologically distinct formulations that may theoretically be matched to 

different tissue environments and therapeutic goals [14,15,20,27,29,30,58].  

Leukocyte-rich and leukocyte-poor PRP differ in inflammatory profile and may therefore 

behave differently in tendon versus intra-articular applications [14,15,17,28,49]. PRF and i-

PRF offer further theoretical advantages through fibrin-based scaffold properties and slower 

growth factor release kinetics, which may be particularly relevant in chronic lesions or poorly 

vascularized tissues [20,29].  

Although this potential has not yet been validated adequately in high-quality clinical trials, 

formulation diversity remains a conceptual advantage because it creates the possibility of more 

tissue-specific and biologically tailored regenerative strategies [14,15,20,27,30,58]. Their 

broad translational appeal is reinforced by the fact that platelet-derived preparations have 

already been explored across multiple disciplines, suggesting that their usefulness may extend 

beyond a single anatomical niche even if sports-medicine-specific protocols still require 

refinement [17,60]. 

 

4.3. Limitations of current studies 

The principal limitation of the APC literature is not the absence of biologic rationale, but the 

marked heterogeneity of the products being studied and the insufficient methodological 

standardization across trials [15,20,27,51,52,55,58,60,61].  

Terms such as PRP or APCs are often used as if they described uniform interventions, whereas 

in reality these preparations differ substantially in platelet concentration, leukocyte burden, red 

blood cell contamination, fibrin architecture, activation strategy, and growth factor release 

kinetics [14,15,20,27,30,51,60,61]. Because these variables can meaningfully alter biological 

behavior, studies labeled under the same therapeutic category may in fact be evaluating 

materially different interventions [15,27,51].  
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This issue is especially important in a field in which even subtle differences in inflammatory 

profile or matrix characteristics may influence outcome according to the tissue treated 

[15,17,20,22]. 

Interpretation is further complicated by major clinical heterogeneity [31,32,35,39–45,47–

49,51,55]. Trials differ not only in formulation but also in number of injections, interval 

between injections, timing of administration in relation to injury onset or surgery, use of image 

guidance, comparator intervention, rehabilitation protocols, and endpoint selection [31,32,40–

45,48,51,55].  

Consequently, outcomes often cannot be meaningfully compared even when the same 

anatomical indication is being examined. This is particularly evident in the hamstring injury 

literature, in which differing return-to-play criteria, rehabilitation intensity, and PRP 

composition likely contributed to conflicting conclusions [40–42,55].  

A similar problem is apparent in tendon and ACL studies, where heterogeneity in protocol 

design and comparator arms undermines the development of robust and generalizable treatment 

algorithms [31,35,44,45,55]. 

Methodological quality remains another major concern. Many available studies include 

relatively small sample sizes, incomplete biologic characterization of the tested products, 

inconsistent reporting of preparation variables, and, in some areas, substantial risk of bias 

[27,51–53,55].  

Expert consensus has already indicated that PRP studies should report, at a minimum, baseline 

whole-blood characteristics, final platelet/leukocyte/erythrocyte composition, processing 

protocol, activation method, delivery details, rehabilitation protocol, and outcome assessment 

structure, yet many clinical studies still fail to provide this information adequately [51].  

Insufficient reporting of platelet and leukocyte concentrations, centrifugation methods, 

activation status, and delivery protocols makes replication difficult and weakens the external 

validity of published findings [27,51,52]. Moreover, pooled analyses may create a misleading 

appearance of contradiction or consistency by combining trials that differ fundamentally in both 

biologic intervention and clinical design [15,27,51,58].  

This problem extends beyond PRP to other APC formulations such as i-PRF and CGF, where 

the literature is even less standardized and frequently lacks sufficient technical detail for 

rigorous interpretation [20,30]. Persistent technical and biological nonuniformity therefore 

continues to weaken reproducibility and may partly explain why the literature contains both 

strongly favorable and clearly negative conclusions for apparently similar clinical indications 

[27,51,52,55,60,61]. 
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Another limitation is that the biologic activity of platelet concentrates is not uniformly 

beneficial across all tissue contexts [18,20–22,58]. Although APCs contain numerous pro-

regenerative mediators, they also include factors that may exert context-dependent unfavorable 

effects.  

TGF-β is a particularly important example, because it contributes to connective tissue repair 

but may also promote fibrosis when present in excess [22]. More broadly, contemporary PRP 

biology suggests that leukocytes, erythrocytes, plasma proteins, and platelet dose may all 

modify the local balance between regeneration and inflammation, and that this balance is likely 

to be tissue- and disease-specific rather than universally advantageous [17,58].  

This observation is highly relevant to the interpretation of inconsistent clinical outcomes, 

because it indicates that APCs should not be viewed as intrinsically regenerative under all 

conditions, but rather as complex biologic systems whose effects depend on the interplay 

between anabolic, angiogenic, inflammatory, and fibrotic signaling [18,20–22,58]. 

Finally, interpretation of the literature may be distorted not only by heterogeneity and bias, but 

also by selective presentation of favorable findings [52,54,58]. Broader systematic evaluations 

of PRP in musculoskeletal soft-tissue injuries continue to conclude that the overall evidence 

does not strongly support PRP over conventional treatment strategies and does not yet establish 

clear long-term physiological superiority or an optimal application protocol [55].  

Thus, although APCs appear to have a favorable short-term safety profile, the current evidence 

base remains constrained by substantial biological, methodological, and reporting limitations 

that preclude definitive evidence-based recommendations in many sports medicine indications 

[27,48,50,51,59–61]. 

 

4.4. Future perspectives in regenerative sports medicine 

Future progress in the field of APCs will depend primarily on more rigorous standardization of 

product characterization and study methodology [15,20,27,30,51,52,58,60,61].  

At a minimum, future trials should consistently report baseline blood composition, final platelet 

concentration, leukocyte and erythrocyte content, centrifugation parameters, activation strategy, 

injection volume, number and timing of administrations, and method of delivery [20,27,51,52]. 

Without such reporting, the literature will continue to pool biologically dissimilar interventions 

under a common label, thereby perpetuating uncertainty regarding efficacy. Standardization is 

therefore not merely a technical issue, but a prerequisite for meaningful scientific comparison 

and clinically useful translation [15,27,51]. 
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A second major direction is the development of indication-specific rather than universally 

applied APC protocols [14,15,20,28,29,49,58]. The present review strongly suggests that no 

single formulation is likely to be optimal across tendon, muscle, ligament, and intra-articular 

applications.  

Leukocyte-rich preparations may theoretically be more relevant in some tendon-healing 

settings, whereas leukocyte-poor preparations may be preferable in joint disease in which 

excessive inflammatory reactivity is undesirable [15,28,49]. PRF and i-PRF may offer 

additional advantages in circumstances where scaffold properties or prolonged growth factor 

release are beneficial [20,29].  

More recent conceptual work also points toward a transition from generic PRP to precision 

orthobiologics, in which product formulation is selected according to patient phenotype, tissue 

biology, inflammatory status, and disease stage rather than product label alone [58].  

The continued absence of universally accepted preparation and application criteria suggests that 

future orthopedic and sports-medicine research should place equal emphasis on technical 

harmonization and clinical efficacy testing [51,60,61]. Future studies should therefore move 

beyond asking whether PRP works in general and instead investigate which APC formulation, 

at what concentration, at what time point, and in which tissue environment is most likely to 

produce clinically meaningful benefit [15,17,20,27,58]. 

Equally important is the need for more clinically relevant outcome assessment in sports 

medicine trials [31,39–49,51,55]. Pain reduction and questionnaire-based functional 

improvement remain important endpoints, but they are not sufficient on their own to define 

successful treatment in athletic populations.  

Future studies should more consistently evaluate return to sport, return to pre-injury 

performance, reinjury rates, objective structural healing, imaging biomarkers, and long-term 

tolerance to sport-specific loading [42,46,47,56]. This is especially relevant in cartilage-related 

disorders, where symptomatic improvement may occur without convincing structural 

regeneration, and in muscle injuries, where earlier return to play must be balanced against the 

risk of recurrence [42,46,47,57]. A more sport-specific endpoint framework would substantially 

improve the clinical usefulness of future APC research. 

Ultimately, the future of regenerative sports medicine is likely to lie in more precise and 

biologically informed orthobiologic strategies rather than in the undifferentiated use of platelet-

derived products [10–13,15,18–20,58].  

APCs should increasingly be integrated into a broader precision-medicine approach in which 

product formulation is matched to tissue biology, injury chronicity, phase of healing, and 



32 

 

 

rehabilitation context. Such an approach better reflects the current understanding that platelet 

concentrates are not uniform therapeutic entities, but dynamic biologic constructs with context-

dependent behavior [15,18,20,27,58].  

If future research succeeds in combining rigorous product characterization with indication-

specific protocols and clinically meaningful endpoints, APCs may assume a clearer and more 

evidence-based role in the management of sports-related musculoskeletal injuries 

[27,51,52,55–61]. 

 

5. Conclusions 

Autologous platelet concentrates represent a biologically credible and clinically promising class 

of orthobiologic therapies in sports medicine. Their regenerative potential is supported by the 

coordinated delivery of growth factors, cytokines, fibrin-associated scaffolding, and other 

bioactive mediators involved in angiogenesis, cell recruitment, extracellular matrix remodeling, 

and modulation of the local healing environment. 

The available evidence indicates that their clinical value is selective rather than universal. APCs 

appear most useful in carefully chosen indications, particularly some chronic tendon disorders 

and early joint pathology, whereas the evidence for acute muscle injuries, ligament 

reconstruction augmentation, and structural cartilage restoration remains less consistent. This 

discrepancy between strong mechanistic plausibility and variable clinical outcomes appears to 

reflect not only differences in tissue biology and injury chronicity, but also substantial 

heterogeneity in product composition, preparation methods, application protocols, and study 

design. 

A central conclusion emerging from this review is that the major obstacle to evidence-based 

implementation of APCs in sports medicine is not a lack of therapeutic promise, but a lack of 

standardization. Variability in platelet concentration, leukocyte and erythrocyte content, fibrin 

architecture, activation strategy, and delivery technique continues to limit comparability across 

studies and weakens the strength of current recommendations. This problem is compounded by 

inconsistent outcome reporting, insufficient product characterization, and the continued 

absence of universally accepted protocols for specific clinical indications. 

APCs should therefore be regarded as promising adjuncts within regenerative sports medicine 

rather than definitive standard therapies for the broad spectrum of sports-related 

musculoskeletal injuries.  

Future progress will require rigorous reporting standards, indication-specific treatment 

algorithms, and high-quality trials incorporating clinically meaningful endpoints such as return 
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to sport, return to pre-injury performance, reinjury rates, and objective structural healing. A 

more precise, tissue-oriented, and biologically informed use of platelet-derived products may 

ultimately allow APCs to assume a clearer and more evidence-based role in modern sports 

medicine practice. 
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