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ABSTRACT

Platelet-rich plasma (PRP) is a product of significant interest in the field of regenerative medicine due to its healing, immu-
nomodulatory and anti-inflammatory properties. Although its role remains debated, PRP has undeniably shown considerable
potential in aiding the healing of various injuries and pathologies across multiple fields, from dermatology (e.g., hair loss,
skin scars) to reproductive medicine and inflammatory diseases (e.g., osteoarthritis). The aim of this review is to summarise
and describe the role of PRP in treating common musculoskeletal injuries and pathologies in athletes. This population is
at higher risk for such conditions due to the physical activities they perform. However, the application of PRP in this context
has not been sufficiently explored in the literature. After providing a brief overview of precision and regenerative medicine —
distinct yet interconnected fields - we will examine the key characteristics of PRP and its role in treating various musculo-
skeletal injuries in athletes. This review highlights the current applications of PRP, its potential for future use and its limitations.
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Platelet-rich plasma as a bridge between
precision and regenerative medicine

For decades, medical treatments were largely based
on the diagnosis of diseases or injuries, rather than on
the unique characteristics of each patient or the spe-
cific nature of their condition. However, recent advances
in genetics, epigenetics and molecular biology have
transformed the understanding of how diseases de-
velop and progress. This shift has led to the concept of
“precision medicine”, which tailors medical treatments
to individuals based on their unique molecular and
genetic profiles [1]. This approach has had a signifi-
cant impact, especially in the field of cancer therapy,
and is now being applied and studied in various areas
of medicine, from neurodegenerative diseases to genetic,
cardiovascular and metabolic disorders [2-5].

Platelet-rich plasma (PRP) therapy - a cornerstone
in regenerative medicine - is a key strategy for treat-
ing musculoskeletal injuries. Its flexibility and targeted

protocols enable specific applications. As such, PRP
is a promising step towards bridging the gap between
regenerative and precision medicine, positioning it as
a potentially suitable approach for personalised medi-
cine [6, 7].

PRP: a brief overview of production and
potential

PRP is a volume of plasma, usually autologous, that
has a platelet concentration above baseline, defined as
atleast 1 x 10°/uL. according to the original definitions.
It can be obtained through a single or - more frequent-
ly - double centrifugation. Briefly, the double centrifu-
gation process consists of the collection of a volume of
anticoagulated blood, followed by a consecutive first
separation of the majority of the red blood cells from
the plasma - which contains platelets, white blood cells
and clotting factors — and then a second spin separates
the platelets and plasma from the other cells and from
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the so-called platelet-poor plasma (PPP). Currently, there
are no standard protocols for PRP production, due to
the presence of many variables among the different
techniques to obtain it — e.g., the number of centrifuga-
tions, the rotational velocity, centrifugation time chosen
and the anticoagulant used - so its composition can vary
according to the devices and protocols used in the pro-
cess [8-10]. This implies that PRP, although it has shown
positive results in many fields, cannot often be used as
a first-line treatment in daily clinical practice but can
be considered for experimental treatments.

Because of its origin, PRP is enriched with many
growth factors - especially platelet growth factors - cy-
tokines and cells - such as white blood cells - that can
be present in different percentages according to the
different PRP formulations. These elements are funda-
mental in guaranteeing the regenerative, lenitive and
immunomodulatory effects of PRP and play a crucial
role in promoting cell proliferation, angiogenesis and
wound healing (Table 1) [11, 12].

PRP growth factors enact their functions primarily
via ligand binding to associated extracellular cell re-
ceptors, which activate intracellular signalling. This

leads to multiple phosphorylation and activation steps
of protein kinases until gene transcription occurs in the
nucleus, promoting the expression of genes related to
tissue healing. Although some authors have pointed out
that some PRP components - such as certain pro-in-
flammatory cytokines or reactive oxygen species re-
leased by leukocytes - could have negative effects, this
theme is still debated without clear evidence [13].
The variable characteristics of PRP make the re-
alisation of tailored products quite difficult, and its ac-
tual composition cannot be confidently predicted in
advance. Additionally, the effects of the molecules com-
posing PRP are pleiotropic, and their action should not
be evaluated singularly. Moreover, their in vitro or
known endogenous effects should not be considered as
the only possible results, because PRP components are
exogenous and are not related to an internal stimulus.
For instance, transforming growth factor-beta (TGF-f)
is a factor whose production is involved in fibrosis,
often altering tissue structures. However, some studies
conducted with animal models with an exogenous ad-
ministration of TGF-f - similar to that of PRP - for the
treatment of osteoarthritis have proved that it could

Table 1. List of main growth factors improving tissue healing present in platelet-rich plasma products

Growth

Effects
factors
PDGF - Mitogenic for mesenchymal cells and osteoblasts
- Stimulation of chemotaxis and mitogenesis in fibroblasts, glial cells and smooth muscle cells
- Regulation of collagenase secretion and collagen synthesis
- Stimulation of macrophage and neutrophil chemotaxis
VEGF - Increase in angiogenesis and vessel permeability
- Induction of mitogenesis in endothelial cells
TGF (a-p) - Induction of undifferentiated mesenchymal cell proliferation
- Regulation of endothelial, fibroblastic and osteoblastic mitogenesis and collagen synthesis and secretion
- Stimulation of endothelial chemotaxis and angiogenesis
— Inhibition of macrophage and lymphocyte proliferation
(a-b) FGF - Promotion of growth and differentiation of chondrocytes and osteoblasts
- Mitogenic for mesenchymal cells, chondrocytes and osteoblasts
EGF - Stimulation of endothelial chemotaxis and angiogenesis
- Regulation of collagenase secretion
- Induction of epithelial and mesenchymal mitogenesis
IGF-1 - Stimulation of protein synthesis and chemotaxis for fibroblasts
- Enhancement of bone formation through proliferation and differentiation of osteoblasts
CTGF - Promotion of angiogenesis, cartilage regeneration, fibrosis and platelet adhesion
IL-8 - Stimulation of epidermal cell mitosis and support of angiogenesis

Adapted from Everts [14]

PDGF - platelet-derived growth factor, VEGF - vascular endothelial growth factor, TGF - transforming growth factor,
FGF - fibroblast growth factor, EGF - epidermal growth factor, IGF-1 - insulin-like growth factor-1, CTGF - connective

tissue growth factor, IL-8 - interleukin-8
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have a protective role in vivo, reducing cartilage dam-
age. The role of factors and cytokines usually included
in PRP may vary according to the specific pathologies,
but for many conditions, reports lack information about
their specific effects [14-16)].

Due to the variety of production methods, compo-
sition and administration routes, PRP is not a stand-
ardised product, nor has a unique classification of
PRPs been created. One of the most recent proposals,
from the Scientific and Standardisation Committee of
the International Society on Thrombosis and Haemo-
stasis, considers platelet concentrations, preparation
method, presence of leukocytes and/or red blood cells
and platelet activation method in PRP formulations.
However, no definitive classification has been adopted
as areference by researchers or clinicians, and although
there have been continuous attempts to optimise PRP
production, no consensus has been reached regarding
specific standard protocols [17-20].

Despite this lack of standardisation, PRP can be
considered an advantageous product because of its
wide and effective fields of application, the numerous
commercial devices that allow its easy production and
its limited adverse events (AEs), considering that it is
often used as an autologous derivative. Indeed, the use
of PRP seems to be quite safe, with limited AEs reported
in a few case reports. The most commonly reported AEs
are cases of post-operative infections after a local ad-
ministration of PRP. However, the cases are limited,
and it is still not possible to establish a clear causal re-
lationship between PRP and this kind of AE [21].

The use of allogeneic PRP (e.g., from blood donors)
is an emerging topic that could simplify large-scale
PRP production and eventual standardisation, with
promising effects anticipated in the field of wound
healing in the coming years. However, it is still under
investigation [22].

Additionally, PRP has proven to be an interesting
mediator of not only cell proliferation and angiogene-
sis but also specific effects on the innate and adaptive
immune systems, anti-ageing properties and analgesic
effects — topics currently undergoing in-depth analysis
for their broader implications. Another interesting and
emerging aspect is the possible role that PRP could
play in repairing musculoskeletal injuries in combi-
nation with rehabilitation techniques, which is ad-
dressed in the following sections of this review [12].

The aim of this review is to summarise the most
relevant evidence regarding the use of PRP in the treat-
ment of athletes, a specific population more at risk of
damage to the musculoskeletal system due to their
physical activities. Currently, while many papers focus
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on the use of PRP for musculoskeletal injuries, only
a few explicitly consider athletes as their target, even
though they represent a population that could greatly
benefit from the regenerative and anti-inflammatory
properties of PRP.

PRP acquires a significant role in the treatment of
athletic injuries, especially because it can help avoid
surgery and shorten the recovery time, thereby increas-
ing the healing response. Although some studies have
underlined the limited effect of PRP on certain types of
lesions, such as acute muscle injuries, its use is still
debated and shows some positive results in different
fields, such as tendon and cartilage lesions, which have
relevant implications in athletes’ lives [23-25].

Material and methods

Our initial search focused on the main musculo-
skeletal pathologies or injuries affecting athletes and
their potential treatment using PRP. The search yielded
a total of 2,009 articles on PubMed using the follow-
ing keywords:

- (platelet-rich plasma) AND (athletes) AND (age-
ing) AND musculoskeletal OR (tendon) AND (contact
sport) OR (non-contact sport) AND (professional) OR
(amateur) AND (injuries).

- (platelet-rich plasma) AND (athletes) AND (inju-
ries) AND (pathophysiology).

- (platelet-rich plasma) AND (athletes) AND (inju-
ries) AND (injury) AND (musculoskeletal).

Then, we first selected the articles by applying spe-
cific filters on PubMed: we excluded review articles,
and only full-text papers were included. We also fil-
tered the articles to include only those referring to hu-
mans, with a publication date ranging from 1st January
2014 to 31*" July 2024 (this time frame was chosen in
advance to select data from the last decade regarding
PRP applications on athletes’ injuries). Only papers
available in English were considered. Finally, we man-
ually retrieved eligible references, focusing on the main
subject of the review. This process has been summa-
rised in our PRISMA flowchart (Figure 1).

The studies included in this review were categorised
based on the anatomical sites and the pathologies de-
scribed by each reference.

Athletes’ musculoskeletal pathologies and PRP
treatment

The following sections focus on musculoskeletal
pathologies or injuries that are frequent in athletes,
how PRP could be used to treat them and the effective-
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Inclusion criteria:
articles or case reports focusing
on PRP as a treatment for
musculoskeletal injures in athletes
and/or as a strategy to enhance
recovery

ness of this treatment. The sections are divided con-
sidering the different anatomical segments involved.

Pathologies or injuries of the lower limb

Hamstring injuries are among the most common
soft tissue injuries in athletes, particularly in sports
that involve sprinting, jumping or sudden changes in
direction. These injuries can range from mild strains to
severe tears, with recovery times varying from weeks
to months. Despite advances in rehabilitation proto-
cols, hamstring injuries are notorious for their high
recurrence rates, which can exceed 30% [26].

In the context of hamstring strains, growth factors
such as platelet-derived growth factor (PDGF), TGF-B,
vascular endothelial growth factor (VEGF) and insu-
lin-like growth factor-1 are of paramount importance
as healing and rebuilding compounds. Therefore, the
use of autologous PRP is critical in promoting angio-
genesis, collagen synthesis and the recruitment of cells
necessary for tissue repair, such as fibroblasts and
myoblasts [27]. In 2014, Hamid et al. [28] conducted
a study in which a single autologous PRP injection com-

(=

.g Records identified from Records removed before Reasons of removal:

e databases: screening * review articles and

= PubMed (n = 2,009) —| * Records marked as —»|  systematic reviews

s ineligible upon filtering ¢ publication date not included

) (n=1,914) in the time frame between
_J January 2014 and July 2014

e other reasons (records not
) 3 regarding humans, abstracts
Records screened Records excluded (n = 1) without available full text)
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(n=99) duplicate

g :

5 Records sought for retrieval | Records not retrieved

g (n=94) (n=71)

; I

Records assessed Reports excluded/not retrieved
for eligibility (7 =23) [ | reasons: ,
* duplicate or not accessible full text (n = 6)

— e articles not focusing on the main subject of the review (n = 66)
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8 o . . PRP as a treatment fot athletes’ musculoskeletal injures;

= Studies included in review PRP considered as a tretmanet for other kind of injures;

§ (n=23) no sufficient data about study groups and their treatment

Figure 1. PRISMA flow chart. The diagram illustrates the systematic
process followed to include papers identified through our search

bined with a rehabilitation program was significant-
ly more effective in treating hamstring injuries than
arehabilitation program alone. Twenty-eight patients
were randomly allocated to autologous PRP, and half
of the patients in the PRP group made a full recovery,
returning to sport 10 weeks earlier than the control
group and with lower pain severity events. The PRP
group revealed a statistically significant time to return
to play (RTP) compared to rehabilitation alone, which
led to a later recovery. Hamid et al. [28] demonstrated
in their study that at least 50% of the patients in the
PRP group achieved a full recovery at week 26, with
a mean time to RTP of 26.7 = 7.0 days, against a full
recovery of at least 50% of the patients in the control
group at week 39 and 42.5 + 20.6 days to RTP, and
a significant difference in survival function between
the two groups, according to the log-rank (Mantel-Cox)
test (p = 0.006). Furthermore, a Cox regression analysis
was used to evaluate several variables, such as age, du-
ration of injury, length of the injured area, active knee
range of movement deficit and previous hamstring in-
jury, as covariates to evaluate how these variables could
modify the outcome. It was highlighted that only the
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PRP group demonstrated statistical significance (G*1) =
5.688, p = 0.017). Finally, only patients treated with
PRP had a significant reduction in pain at all time points
(p = 0.007). However, subsequent studies did not find
the same positive results.

High-ankle sprains or injuries to the ankle syndes-
mosis can be a fundamental problem in delaying ath-
letes’ return to competition [29]. Laver et al. studied 16
athletes with high ankle sprains, evaluating the RTP
time and the reduction of residual pain after two injec-
tions of PRGF - a type of PRP enriched with growth
factors — administered at the onset and 7 days later.
The study was a randomised controlled trial where
patients were divided into a treatment group receiving
PRGEF injections and a control group. The treatment
group was characterised by a significantly shorter RTP
time and less residual pain compared to the control
group [30]. In 2015, Samra et al. [31] conducted a co-
hort-controlled pilot study involving two groups of rugby
players affected by ankle syndesmosis injury: 10 play-
ers receiving PRP treatment and 11 control players. The
study group was treated with a single ultrasound-
guided PRP injection into the anterior inferior tibiofib-
ular ligament. The results showed that this experimen-
tal group returned to play significantly faster, with
a mean difference in RTP time of 20.7 days less for the
intervention group compared with the control group.
Moreover, a clear improvement was also observed in
other functional outcomes

However, Hamilton et al. [32] found that PRP had
a trivial and non-significant effect on RTP time and
re-injury risk in professional athletes after hamstring
injuries compared to placebo or rehabilitation. Also,
Reurink et al. [33] demonstrated that there were no
real benefits for intramuscular PRP injections in pa-
tients with acute hamstring injuries. The possible rea-
son behind these negative results might be the accu-
racy of the injection technique, which in Hamilton et al.
[32] study was not performed with ultrasonographic
guidance, while Reurink et al. [33] used PPP as a pla-
cebo instead of saline solution.

In 2022, Trunz et al. [34] evaluated a positive effect
of PRP, with a significant reduction in recovery time,
by adding intramuscular hematoma aspiration to the
treatment. This potentially sped up recovery time com-
pared to previous studies.

Achilles tendinopathy and patellar tendinopathy
Tendinopathy refers to a range of tendon disorders
characterised by pain, swelling and impaired function.

Achilles tendinopathy and patellar tendinopathy are
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two of the most prevalent forms, each affecting different
tendons with distinct biomechanical and anatomical
considerations. Achilles tendinopathy primarily affects
the Achilles tendon, the largest and strongest tendon in
the human body, which connects the calf muscles to
the heel bone. Typically, it results from repetitive over-
loading of the Achilles tendon, leading to a cycle of mi-
crotrauma and failed healing. The condition is char-
acterised by degenerative changes within the tendon,
including collagen disorganisation, increased proteo-
glycan content and the presence of neovascularisation
[35]. Unlike acute tendinitis, which involves inflamma-
tion, tendinopathy is primarily a degenerative condition.
Patellar tendinopathy, often referred to as “jumper’s
knee”, is similarly caused by repetitive stress, particu-
larly from activities involving high forces through the
knee extensor mechanism, such as jumping and land-
ing. The pathology of patellar tendinopathy mirrors
that of Achilles tendinopathy, with tendon degenera-
tion, collagen disarray and neovascularisation being
key features. However, the patellar tendon is subjected
to different mechanical forces compared to the Achilles
tendon, which may influence the development and
progression of tendinopathy. The condition is often lo-
calised at the inferior pole of the patella, where the ten-
don experiences the highest stress. Both conditions are
common in sports that involve repetitive loading, such
as running, jumping and cutting movements [36].
The management of Achilles and patellar tendinop-
athy uses both conservative and innovative measures to
stimulate healing processes and reduce pain. Among
the innovative measures are PRP injections. Filardo
et al. [37], in 2014, treated 27 patients with three ul-
trasound-guided intra-tendinous injections of PRP at
two-week intervals for refractory Achilles tendinopathy.
The study concluded that PRP injections provided good
results for chronic Achilles tendinopathy with stable
outcomes over the mid-term follow-up. In the same year,
Charousset et al. [38] evaluated 28 athletes using ul-
trasound-guided PRP injections for the treatment of
chronic patellar tendinopathy. The athletes were treated
with three injections once a week, after which 75% of
them returned to a pre-pathology sports level, achieving
an improvement in their symptoms. In a double-blind,
randomised trial, Dragoo et al. [39] analysed the re-
sults of treatment with a single ultrasound-guided in-
jection of leukocyte-rich PRP (LR-PRP) on 23 athletes
affected by patellar tendinopathy. After 12 weeks, the
treated group showed a clear improvement compared
to the control group; however, after 26 weeks, the dif-
ference was no longer significant. Crescibene et al. [40]
used PRP on 14 athletic patients affected by Achilles
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tendinopathy and seven patients affected by patellar ten-
dinopathy with a two-year follow-up, finding a clear
decrease in painful symptoms and an enhanced Vic-
torian Institute of Sport Assessment (VISA) score after
a 24-month follow-up, equal to 84.2 points on a scale
from O to 100 (Table 2). Crescibene’s study has pro-
found limitations, including a small number of patients
and the lack of a control group. Guelfi et al. [41] treated
46 athletes with mid-portion chronic recalcitrant Achil-
les tendinopathies with a single administration of PRP,
achieving a significant improvement.

However, in contrast with these results, Scott et al.
[42], in 2019, studied PRP in patellar tendinopathy,
verifying the differences between PRP rich in leuko-
cytes and PRP poor in leukocytes compared to a saline
solution in a parallel randomised single-blind saline-
controlled study. In this study, 61 athletic patients were
allocated into three groups, which received a single ul-
trasound-guided injection of LR-PRP, leukocyte-poor
PRP (LP-PRP) or saline placebo. After randomisation,
none of the analysed groups showed a significant dif-
ference (p = 0.059).

In 2020, Abate et al. [43] studied the factors asso-
ciated with positive outcomes related to PRP treatment
for Achilles tendinopathy, evaluating 84 athletes using

the VISA score and ultrasound. It was found that young-
er age, male sex and good adherence to eccentric train-
ing can be considered predictors of better results after
PRP therapy. Finally, we wish to highlight the experi-
ence of Rodas et al. [44, 45], who tested the use of PRP
and bone marrow mesenchymal stem cells in 20 ath-
letes affected by chronic patellar tendinopathy, con-
cluding that both treatments are effective in reducing
pain and aiding recovery from the pathology. Although
the results of the stem cell therapy appeared superior
to the PRP group, the latter showed potential in treat-
ing tendinopathy, especially for patients who failed con-
servative treatments. However, its efficacy compared
to traditional methods remains debated: the decision
to use PRP should be tailored to individual patients,
case by case, considering factors such as symptom du-
ration and severity [44, 45].

Plantar fasciitis

Plantar fasciitis is primarily a degenerative condi-
tion, rather than purely inflammatory, which challeng-
es the traditional view of it as plantar “fasciitis”. The
term “fasciosis” is often used to describe the chronic
phase of the condition, when the degeneration of the

Table 2. Victorian Institute of Sport Assessment (VISA) questionnaires

Questionnaires Pathology studied Total score

VISA-A Achilles tendinopathy

VISA-P Patellar tendinopathy . .

VISA-G Greater trochanteric pain syndrome from O (minimum) to 100 (no symptoms, optimal health)
VISA-H Proximal hamstring tendinopathy

The VISA questionnaires have been developed for the study of lower limb tendinopathies. The table presents distinct types
of self-administered VISA questionnaires that focus on different tendinopathies, some of which are covered in this review.
The questionnaires assess factors such as pain and functional limitations, with a total achievable score ranging from 0
to 100 (the latter representing the absence of pain or functional impairment).

VISA-A - A self-report clinical outcome measure used in patients with Achilles tendinopathy. It consists of eight questions
that measure the domains of pain, function in daily living and sports activities. It has been found to be a reliable and valid
tool for assessing the severity of Achilles tendinopathy. The reliability of the questionnaire has been tested using test-retest
reliability, which has been found to be high [46]. VISA-P - A self-report clinical outcome measure used in patients with
patellar tendinopathy. It consists of eight questions that measure the domains of pain, function in daily living and sports
activities. The psychometric properties of the questionnaire have been evaluated in various studies. The validity and reliability
of the questionnaire have been determined in different languages and cultures. However, a recent reliability generalisation
meta-analysis claims that greater evaluation with more scientific evidence is required before it can be implemented in clinical
practice [47]. VISA-G - A self-report clinical outcome measure used in patients with greater trochanteric pain syndrome
(GTPS). It consists of eight questions that measure the domains of pain, function in daily living and sports activities. It is
a patient-reported outcome measure tool specifically designed to measure the severity of disability associated with GTPS.
However, a recent systematic review evaluating the content and structural validity evidence of the VISA questionnaires
showed very low-quality evidence for their content and structural validity [48]. VISA-H - A self-report clinical outcome
measure used in patients with proximal hamstring tendinopathy. It consists of eight questions that measure the domains of
pain, function in daily living and sports activities. It has high psychometric properties, including validity, reliability and
responsiveness. The validity of the VISA-H questionnaire was established through the use of a cross-sectional study design [40].
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collagen fibres within the plantar fascia occurs due to
repetitive microtrauma. These degenerative changes
are marked by disorganisation of the collagen struc-
ture, increased proteoglycan content and an absence
of inflammatory cells. The plantar fascia experiences
significant tensile stress during activities such as walk-
ing, running and jumping. Factors such as high body
weight, tight calf muscles, flat feet (pes planus) or high
arches (pes cavus) can increase this stress, leading to
microtears in the fascia [50]. Over time, the body’s heal-
ing response may be inadequate, resulting in chronic
pain and structural changes in the fascia.

Although there are several studies regarding plan-
tar fasciitis and PRP treatment, only a few studies
report data on athletes. Martinelli, in 2012, used five
athletes undergoing a three-injection series of PRP
treatment for musculoskeletal injuries [51]. Four ath-
letes successfully returned to their sport at the same
competitive level within three months. However, one
athlete, despite completing the treatment, was only
able to return at a reduced level of performance. In
a 2013 retrospective review, O’Malley et al. examined
the outcomes of 23 patients treated with PRP, finding
an improvement in sports and recreational activity
levels as measured by the Foot and Ankle Outcome
Survey [52]. However, this improvement was not sta-
tistically significant. In contrast, a 2014 case series by
Wilson et al. [53], involving 22 patients, reported both
statistically and clinically significant improvements in
the Foot and Ankle Ability Measure-Sports Subscale
at 32 weeks post-injection, suggesting a more robust
benefit from PRP in enhancing foot and ankle func-
tion. Other studies in 2016 demonstrated the efficacy
of PRP, similar to low-dose radiation treatment, sug-
gesting that it could be more effective than corticos-
teroids in the long term, although more research is
needed [54-56]. In 2023, Alessio-Mazzola et al. [57]
compared, in a retrospective study, ultrasound-guided
PRP and focal ultrasound-guided extracorporeal shock-
wave therapy in 55 athletes. The results showed that
both practices are valid solutions, although, after treat-
ment with PRP injections, a quicker and more frequent
return to sporting activities was recorded in sports
practitioners.

The paucity of studies focusing on athletes treated
with PRP for plantar fasciitis makes drawing conclu-
sions and recommendations for this population dif-
ficult. There are also no randomised controlled trials
that report the athletic status of participants.
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Pathologies or injuries of the upper limb

Upper limb injuries are prevalent across various
populations, particularly among athletes, manual la-
bourers and individuals engaged in activities that re-
quire repetitive or high-intensity upper body movements.
The upper limb - comprising the shoulder, arm, elbow,
forearm, wrist and hand - is essential for a wide range
of daily activities and specialised functions [58]. Due
to its complex anatomy and the demands placed on it,
the upper limb is susceptible to various injuries. These
injuries can significantly affect an individual’s ability
to perform both routine and occupational tasks, lead-
ing to pain, loss of function and a reduced quality of
life. Upper limb injuries can be broadly categorised
into acute injuries, such as fractures, dislocations and
tendon ruptures, and chronic or overuse injuries, such
as tendinopathies, bursitis and nerve entrapment syn-
dromes [59].

In 2015, Hoffman et al. [60] explored the possibility
of using a dermal allograft, combined with PRP and
mesenchymal stem cells, for the reconstruction of an
ulnar collateral ligament (UCL) in a professional bas-
ketball player to improve healing and accelerate RTP.
This case report demonstrated significant improve-
ments in pain and limb function, with magnetic res-
onance imaging (MRI) confirmation of ligament in-
tegrity at 3 months and 17 months post-surgery [60].
Dines et al. [61], in 2016, successfully treated 44 high-
level throwing athletes who had suffered a partial UCL
tear: 16 patients received one PRP injection, 6 patients
two injections and 22 patients three injections. Of the
44 patients, 15 (34%) had an excellent result, 17 had
a good result, 2 had an average result, and 10 had a poor
result. The average time from injection to return to
sports was five weeks, and the average time to return to
competition was 12 weeks. According to the authors,
the use of PRP produced better results than conserv-
ative treatments for this type of injury [61].

In 2018, Gordon et al. [62] used PRP to treat a par-
tial tear of the UCL in a 14-year-old teenager. An ultra-
sound-guided injection, along with standard rehabili-
tation, allowed the young athlete to make a full recovery
and RTP. However, despite this encouraging data, later
in 2019, Chauhan et al. [63] published a comparative
and matched cohort analysis of 544 professional base-
ball players, of which 133 received PRP, and 411 did
not for the treatment of UCL injuries. Although the
type of PRP preparation differed in many subjects, po-
tentially introducing an important bias, the study found
that players who received PRP had a significantly longer
delay in RTP, and PRP did not improve outcomes [63].

Human Movement, Vol. 26, No 1, 2025



HUMAN MOVEMENT

M. Biondo et al., Effect of platelet-rich plasma in treating musculoskeletal disorders in athletes

The studies reviewed in the literature do not typi-
cally report complications following the use of PRP.
However, Thompson et al. [64], in 2021, published
a case series on three patients - all high-level base-
ball players - treated with PRP injections for partial
UCL injuries. These patients developed cubital tunnel
syndrome with significant fibrosis around the ulnar
nerve after PRP treatment, requiring surgical inter-
vention to release the cubital tunnel. This indicates
that fibrosis could be a potential complication of the use
of PRP at this anatomical site. The reason behind the
possible fibrosis, in the specific pathological condi-
tion raised by Thompson and colleagues, may be re-
lated to the action of TGF-B at the specific site of PRP
injection. TGF-f influences extracellular matrix (ECM)
protein deposition but, at the same time, inhibits en-
zymes that break down the ECM (such as matrix met-
alloproteinases) and upregulates tissue inhibitors of
these enzymes, contributing to excessive ECM around
the ulnar nerve. The modification of the ECM, with a
different regulation of the factors that induce the dep-
osition of matrix proteins, could evolve over time into
increased fibrosis or a modification of the ratio be-
tween type I and type III collagen.

Focusing on lateral epicondylitis, a paper by Xu et al.
[65] shows that treating lateral epicondylitis with PRP
injection produces long-term pain reduction compared
to corticosteroid injection, which is more effective in the
short term. In conclusion, although the results of treat-
ing tendinopathies with PRP are not as promising,
clinical evidence suggests that local injection of PRP
may benefit patients with chronic elbow epicondylitis
that is refractory to standard non-surgical treatment.

Muscle injuries

Muscle injuries are common in sports and physical
activities, accounting for a significant proportion of
time lost from competition and training. These injuries
can be classified into strains, contusions and lacera-
tions, with strains being the most prevalent. The heal-
ing process for muscle injuries involves inflammation,
regeneration and remodelling phases, each of which
can be lengthy and complex, potentially leading to in-
complete recovery or re-injury [66].

Hamilton et al. [32], in 2015, used PRP, PPP or no
injection in a randomised, three-arm (double-blind for
the injection arms), parallel-group trial of 90 profes-
sional athletes with MRI-positive hamstring injuries.
The results showed that a single PRP injection, together
with an intensive rehabilitation programme, did not
reduce the RTP when compared with rehabilitation

alone. On the contrary, a single PRP injection in com-
bination with intensive rehabilitation reduced the time
to return to sport when compared with a single PPP
injection and rehabilitation [34].

Pogliacomi et al. [67], in 2019, published a case re-
port on the use of PRP in the treatment of a rectus fem-
oris myotendinous lesion, using three injections at 10,
20 and 30 days after the injury in a non-professional
athlete. The authors described the progressive resolu-
tion of the lesion and a return to sports after 90 days.
Among other relevant experiences in PRP treatment for
muscle injuries, we wish to underline the case report
of Lutz and colleagues, who, in 2023, treated a quadri-
ceps tendon tear in a collegiate basketball player using
a PRP injection combined with a rehabilitation pro-
tocol [68].

Lately, in 2024, de Aysa et al. [69] published a case
report of an 18-year-old male professional football
player with an acute-on-chronic lateral muscle tear
of the distal rectus femoris. He received a 1-ml liquid
LR-PRP injection using intermittent ultrasound guid-
ance after seroma aspiration, 34 days after the initial
injury. The athlete returned to play 52 days after the
injury with no pain, and after one year of follow-up, the
patient remained playing at a competitive level, asymp-
tomatic, with no reported re-injury [69].

The use of PRP in muscle injuries has been explored
in both experimental studies and clinical settings, with
mixed results. Potential benefits of PRP therapy include
faster recovery times, reduced pain and a lower risk of
re-injury. However, the efficacy of PRP can vary depend-
ing on factors such as the type of injury, the PRP prep-
aration, the timing of administration and the reha-
bilitation protocol [70]. Although there is evidence
supporting the potential use of PRP in athletes, further
studies are needed to fully establish its efficacy in re-
pairing muscle injuries.

Conclusions

Injection therapies, such as PRP, present an effec-
tive and safe option for athletes’ rehabilitation. The ma-
jor appeal lies in its potential to minimise time lost from
training and competitive play, which aligns well with
the goals of conservative management approaches in
musculoskeletal rehabilitation. PRP has emerged as
a viable non-operative treatment for knee osteoarthri-
tis, though current evidence supporting its standard
use in professional athletes remains limited.

Although PRP is a valuable intervention for enhanc-
ing healing and recovery times, a critical consideration
is its potential to improve athletic performance, which
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may bring it under the scope of anti-doping regulations.
PRP has long been the subject of debate in the scien-
tific community in this regard, and to date, the most
widely recognised regulatory body, the World Anti-
Doping Agency (WADA), has thoroughly analysed the
issue, ultimately arriving at the following conclusion:
orthobiological therapy using PRP is currently used as
a long-term regenerative treatment aimed at healing
worn or traumatised tissues. To date, there is no evi-
dence that clearly points towards a consistent or im-
mediate increase in sports performance following PRP
use. Furthermore, PRP is injected directly into the tis-
sue or joint affected by trauma, where it acts locally
without any evident systemic effect, assisting only with
local healing. For these reasons, PRP is not currently
included among the methods considered as doping;
therefore, it can be used by athletes, regardless of the
sport they practise, but with the indications and ap-
plications mentioned above. However, both in the 2024
version and in the version that will come into force on
1* January 2025, WADA maintains in its “World
Anti-Doping Code International Standard Prohibited
List” - the list of all molecules, compounds or treat-
ment methods prohibited before, during and after ath-
letic competitions — some of which are certainly present
in PRP. Among these are PDGEF, fibroblast growth fac-
tors and VEGF. Therefore, it is possible that in the fu-
ture, WADA’s position may change, depending on the
updating of clinical and scientific knowledge regarding
the functioning of PRP.

In conclusion, while PRP therapy holds promise,
several practical challenges remain. The preparation of
PRP lacks standardisation, with variations in platelet
concentration, activation methods and the use of leuko-
cyte-rich or leukocyte-poor preparations [71]. These
differences can affect the therapeutic efficacy of PRP,
making it difficult to compare results across studies or
establish consistent treatment protocols. The timing
of the injection is another critical factor. Some evidence
suggests that early administration of PRP, within the
first few days following an injury, may be more ben-
eficial in promoting muscle regeneration. However, the
optimal timing for PRP application remains under in-
vestigation, and further research is needed to establish
clear guidelines [72]. Additionally, the cost of PRP ther-
apy can be a barrier to its widespread use, particularly
because insurance coverage for PRP in musculoskeletal
injuries is limited in many regions. Furthermore, the
lack of standardisation also has cost implications.
Tailoring PRP preparations to individual needs with-
out standard protocols can lead to inefficiencies, in-
creasing treatment costs without guaranteeing im-
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proved outcomes. Moreover, given the lack of consensus,
it is not possible to accurately estimate the actual cost
of treatment because each commercial kit has its own
price, and there are no definitive data to determine
which product might provide the best results [73,74].
Establishing well-defined protocols could help reduce
costs by optimising dosing, administration frequency
and duration of therapy, thereby maximising bene-
fits while avoiding overuse. Standardised guidelines
would not only improve the reproducibility of research
but also enable clinicians to make evidence-based de-
cisions, enhancing PRP’s value as a cost-effective treat-
ment option. High-quality clinical trials are essential
to determine optimal formulations, dosages and admin-
istration techniques, particularly in sports settings
where quick recovery and minimal downtime are pri-
orities. This approach would enable healthcare pro-
viders to deliver effective, economically feasible PRP
therapies, offering a practical, ethical and financially
responsible option for athlete rehabilitation and joint
preservation.
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