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Abstract Platelet-rich plasma (PRP) has been introduced
in the clinical practice to treat a growing number of dif-
ferent musculoskeletal pathologies. It is currently applied
in the treatment of Achilles and patellar tendinopathies,
which are common sport-related injuries very challenging
to manage. Aim of the present paper was to review sys-
tematically the available clinical evidence concerning the
application of PRP in the treatment of patellar and Achilles
tendinopathy. A systematic review of the literature was
performed according to the following inclusion criteria for
relevant articles: (1) clinical reports of any level of evi-
dence, (2) written in the English language, (3) with no time
limitation and (4) on the use of PRP to treat conservatively
Achilles and patellar tendinopathy. Twenty-two studies
were included and analyzed. Two studies on patellar ten-
dinopathy were randomized controlled trials (RCTs),
whereas just one RCT was published on Achilles tendon.
All the papers concerning patellar tendon reported positive
outcome for PRP, which proved to be superior to other
traditional approaches such as shock-wave therapy and dry
needling. In the case of Achilles tendon, despite the
encouraging findings reported by case series, the only RCT
available showed no significant clinical difference between
PRP and saline solution. The main finding of this study was
the paucity of high-level literature regarding the applica-
tion of PRP in the management of patellar and Achilles

B. Di Matteo (BX)) - G. Filardo - M. Marcacci

II Orthopaedic and Traumatologic Clinic - Biomechanics and
Technology Innovation Laboratory, Rizzoli Orthopaedic
Institute, Via Di Barbiano, 1/10, 40136 Bologna, Italy
e-mail: berardo.dimatteo@gmail.com

E. Kon
Nano-Biotechnology Laboratory, Rizzoli Orthopaedic Institute,
Bologna, Italy

tendinopathy. However, the clinical data currently avail-
able, although not univocal, suggest considering PRP as a
therapeutic option for recalcitrant patellar and Achilles
tendinopathies.
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Introduction

Platelet-rich Plasma (PRP) has been introduced in the
clinical practice to treat a growing number of different
musculoskeletal pathologies, and, currently, it is the most
exploited biological strategy to modulate tissue response to
damage with the aim of stimulating regeneration in tissues
characterized by a low intrinsic healing potential [1, 2].
Although a clear and univocal definition of PRP is still
lacking and there are several different formulations cur-
rently available on the market, differing in terms of cell
content, platelet concentration rate, activation methods and
many other features [3], the biological pinnacle of this
treatment option is well recognized: it is related to the
peculiar action exerted by different growth factors (GFs)
and other molecules contained in PRP and playing a crucial
role in tissue homeostasis and regeneration. Several in vitro
and animal studies [4-7] have investigated specific GFs,
such as b-FGF, PDGF, TGF-beta, IGF and VEGF, which
are involved in tissue regeneration with different roles,
from the stimulation of fibroblast chemotaxis to extracel-
lular matrix synthesis, cell migration and proliferation. The
possibility of having several of these autologous GFs
contained in physiological proportions, the ease of pro-
duction and the possibility of minimally invasive admin-
istration are the most attractive features of PRP, which
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easily explain why its application has become so common
in the fields of orthopaedics and sport medicine. Further-
more, recently the use of PRP for the treatment of mus-
culoskeletal injuries has been derestricted, and even
professional athletes can be treated by this approach
without any fear of breaking doping regulations [8]. The
most common application of PRP in orthopaedics is for the
treatment of degenerative pathologies, such as chondrop-
athy and tendinopathy [9-11]. However, despite its
extensive use, there is actually a lack of robust scientific
evidence to support its application to treat these patholo-
gies, and it is still not clear whether PRP provides a
superior clinical outcome with respect to more traditional
approaches. Recently there have been some level I trials
addressing the issue of PRP for the management of knee
chondropathy [12-14], whereas there are still many
unsolved questions concerning tendinopathies, especially
concerning patellar and Achilles pathologies: these are
common and very invalidating conditions affecting a con-
siderable amount of the sport-active population [15-18].
The evidence gleaned from in vitro studies suggests that
tendon problems are related to a chronic degenerative
mechanism that leads to a gradual “disarrangement” in
tendon ultrastructure, responsible for a functional impair-
ment often associated with worsening symptoms over time
[19, 20]. Since the overall tissue quality is affected, the
management of tendinopathies is very challenging and
often just temporary symptomatic relief can be obtained,
without achieving a complete healing due to the impossi-
bility of having a restitutio ad integrum in the damaged
tissue. Treatment strategies range from physical to instru-
mental therapy and also include injective treatment with
traditional products (corticosteroids and sclerosing agents),
but surgical approaches can also be proposed [21, 22]: none
of them has proven to be fully effective, and sometimes the
treatment might even be detrimental in the long term, such
as in the case of corticosteroid injections performed to
relieve symptoms in athletes engaged in a strict agonistic
schedule.

In this scenario, the introduction of a biological strategy
such as PRP seems to provide a new and encouraging treat-
ment option that is meant to address not just the symptoms but
mainly the underlying problem of tendon tissue degeneration.
However, the commercial success of PRP to treat tendinop-
athies has not been backed up by solid scientific evidence, and
the miracle aura surrounding this approach should be recon-
sidered in light of scientific evidence.

The aim of the present paper is to review systematically
the available clinical evidence concerning PRP application
for the treatment of Achilles and patellar tendinopathies, to
understand the real potential and the limits of this biolog-
ical strategy for this specific therapeutic indication.
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Materials and methods

A systematic review of the literature was performed on the
use of PRP to treat patellar and Achilles tendinopathies.
The search was made on the PubMed database on July 20,
2014, using the following criteria:

1. to identify clinical studies regarding patellar tendin-
opathy: (patellar OR patellar tendinopathy OR jum-
per’s knee) and (PRP OR platelet-rich plasma OR
platelet gel OR platelet-derived OR platelet
concentrate).

2. to identify clinical studies regarding Achilles tendin-

opathy: (Achilles OR Achilles tendinopathy) and (PRP
OR platelet-rich plasma OR platelet gel OR platelet-
derived OR platelet concentrate).

The guidelines for Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis were used [23]. The
screening process and analysis were performed separately
by 2 independent researchers.

First, the articles were screened by title and abstract.
The following inclusion criteria for relevant articles were
used during the initial screening of titles and abstracts:
clinical reports of any level of evidence, written in the
English language, with no time limitation, on the use of
PRP to treat conservatively Achilles and patellar tendin-
opathy. Studies reporting the application of PRP as a bio-
logical augmentation during patellar and Achilles surgical
repair were excluded from analysis. Other exclusion cri-
teria were as follows: case reports, articles written in other
languages and reviews. In the second step, the full texts of
the selected articles were screened, with further exclusions
according to the previously described criteria. Moreover,
articles not reporting clinical results were excluded.

Reference lists from the selected papers were also
screened. Relevant data were then extracted and collected
in a single database with the consensus of the two
observers to be analyzed for the purposes of the present
manuscript.

Results

Twenty-two studies were included in the present analysis.
Nine studies focused specifically on patellar tendinopathy,
9 on Achilles tendinopathy whereas 4 papers reported data
on both the aforementioned tendon disorders.

Patellar tendinopathy

Thirteen papers in total met the inclusion criteria and were
analyzed. Two of them are randomized controlled trials
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(RCT), whereas the others are 10 case series and 1 com-
parative not randomized trial (Table 1).

The two RCT both documented positive results for PRP
treatment. In particular, the first study, on 46 patients, was
authored by Vetrano et al. [24], who compared 2 PRP
injections versus 3 sessions of Shock Waves: at 6- and
12-month follow-up, PRP offered a superior clinical out-
come according to VISA-P and VAS pain scores. Dragoo
et al. [25] randomized 23 patients, affected by recalcitrant
patellar tendinopathy, to receive a single session of ultra-
sound-guided dry needling combined or not with a leuko-
cyte-rich PRP injection. PRP administration contributed to
accelerating recovery time: at 3 months, the PRP group
recorded a superior outcome in terms of VISA score with
respect to the control group, even if at 6 months, results
were comparable between groups, thus showing that PRP
acted mainly by accelerating the early phases of tissue
repair and remodeling. Furthermore, three patients treated
by dry needling alone failed and required surgical inter-
vention, whereas no failure was reported in the PRP group.
Currently, this is the only double-blind RCT available for
patellar tendon pathology.

Looking at case series, Filardo et al. [26] published the
results obtained in a cohort of 20 male patients treated by
three intra-tendinous injections: a significant functional
increase and pain reduction were achieved, and 80 % of
patients were able to go back to sport activity in a mean of
4 months after treatment. A later comparative study by the
same group [27] showed that PRP therapy followed by an
eccentric rehabilitation protocol in 15 patients affected by
recalcitrant tendinopathy (i.e., non-responsive to previous
treatments) could provide good clinical results, comparable
to those achieved by a group of less complicated patients
that were treated for the first time in their medical history
by rehabilitation alone. The same authors subsequently
documented [28] stable results with the same PRP formu-
lation and therapeutic protocol (3 injections at 2 weeks
interval) up to 4.5 years of follow-up, although inferior
results were recorded in patients affected by bilateral
lesions and longer symptom duration. Interestingly, ultra-
sound (US) evaluation showed a gradual reduction in
neovascularization (evaluated by power Doppler) over
time, even if no correlation was found between imaging
and clinical outcome. Volpi et al. [29] treated 9 patients by
a single PRP injection using the peppering technique. At
24 months, satisfactory results were reported and also MRI
revealed an improved tendinous structure. Conversely,
Ferrero et al. [30] applied a two-PRP-injections protocol in
28 patellar tendons and also in this case obtained a good
outcome at 6-month evaluation. Furthermore, US evalua-
tion revealed a reduction in the hypoechoic areas in the
majority of tendons, and also an improvement in fibrillar
echotexture and reduced hypervascularity by power
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Doppler. Another case series by Van Ark et al. [31]
included 5 patients treated by a single injection of PRP
followed by a rehab program and revealed a significant
increase in VISA-P score up to 26 weeks. Gosens et al.
[32] treated 36 patients with a single intra-tendinous
injection of PRP and evaluated them by VISA-P score and
VAS for pain up to a mean of 18-month follow-up. The
results were statistically significant, and a good rate of
return to pain-free sport activity was found. Moreover, the
authors reported a lower clinical outcome in patients pre-
viously treated by corticosteroids or sclerosing injections
or surgical management. Mautner et al. [33] evaluated 27
patients affected by patellar tendinopathy at mean of
15-month follow-up by considering the improvement of
subjective symptoms on a Likert scale: 59 % of patients
reported moderate-to-complete resolution of the symptoms
(>50 % of improvement). Similar findings were reported in
small cohorts of patients by Dallaudiere et al. [34] and
Kaux et al. [35], who also suggested the benefit of PRP.
Finally, Charrousset et al. [36] used PRP to treat 28 pro-
fessional or semiprofessional athletes not responsive to
other conservative treatments. At 2-year evaluation, a sig-
nificant increase was reported in all clinical scores adopted
and 75 % of patients were able to regain the same pre-
injury sport activity level within 3 months.

Achilles tendinopathy

Twelve papers in total met the inclusion criteria and were
analyzed. Only one trial was a double-blind RCT, whereas
the others were all case series (Table 2).

The aforementioned double-blind RCT was published
by de Vos et al. in 2010 and was followed by a second
paper dealing with the same patients evaluated at longer
follow-up (1 year). The authors compared PRP versus
saline injections in patients affected by chronic mid-portion
Achilles tendinopathy for more than 2 months [37]. Fifty-
four patients, aged from 18 to 70 years, were included and
treated by a single injection by needling technique of either
4 mL of non-activated PRP or 4 mL of saline solution.
After the injection, patients were assigned to a standardized
rehabilitation program based on eccentric exercises. Pro-
spective evaluations were performed for up to 24 weeks
using the VISA-A questionnaire, patient satisfaction and
return to sport. The results showed improvements in both
treatment groups without any significant inter-group dif-
ference in any parameter considered. In a later article [38],
the authors reported the results at 1 year of follow-up
where they confirmed no difference in clinical outcome or
in time to return to sport. The ultrasonographic evaluation
showed a reduction in neovascularization, reduction in
antero-posterior thickness and improvement in overall
tendon structure in both groups, even in this case without
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Table 2 Clinical studies on Achilles tendinopathies

Publication Level of N patients  Protocol Platelet count and ~ Follow-  Overall results of PRP
evidence leukocytes up therapy
(months)
Gaweda et al.  Level IV-case 14 1 Injection of 3 ml PRP Not assessed (n.a.) 18 +Clinical outcome
Int J Sports series
Med [39]
Volpi et al. Level [V-case 3 1 US-guided PRP injection by Platelet count: 24 +Clinical outcome
J Sports Med series peppering technique 8 x basal value
Phys Fitness Leukocyte-rich
[29] PRP
deVos et al. Level 27 PRP 1 US-guided injection of 4 ml N.a. 12 —(No inter-ground
JAMA [37] I-double- versus PRP by peppering technique difference at any follow-
deJonge et al. blind 27 saline versus 1 injection of 4 ml up evaluation both in
Am J Sports randomized solution saline clinical outcome and in
Med [38] trial US evaluation)
Finoff et al. Level IV-case 14 1 Injection of 2.5-3-5 ml PRP Platelet count: 14 +Clinical outcome
PM&R [40] series 4.2 x basal value
(mean
1048 x 10° plts/
L per injection)
Leukocyte-rich
PRP
Owens et al. Level IV-case 10 1 Injection of 6 ml PRP N.a. 24 +Clinical outcome
Foot and series
Ankle Int
[41]
Monto et al. Level IV-case 30 1 Injection of 4 ml PRP N.a. 24 +Clinical outcome
Foot and series
Ankle Int
[42]
Ferrero et al. Level IV-case 24 (30 2 US-guided injections of 6 ml N.a. 6 +Clinical outcome
J Ultrasound series Achilles of PRP + percutaneous
[30] tendons) tenotomy at a mean interval
of 3 weeks
Deans et al. Level IV-case 26 (2 1 Injection of PRP; 2 patients N.a. +Clinical outcome
J Foot and series bilateral received a second injection
Ankle cases) after 6 weeks
Surgery [43]
Mautner et al.  Level IV- 27 1 PRP injection if 80 % global N.a. 6 +Clinical outcome
PM&R [33] retrospective improvement; a second or
study even more injections
performed in case of poorer
results
Murawski Level IV- 32 1 Injection of 3 ml PRP by N.a. 6 +Clinical outcome
et al. Foot retrospective peppering technique
Ankle Spec study
[45]

Overall results of PRP therapy are synthetically expressed by “+” in case of positive and by “—

any significant inter-group difference. Based on the results
of this trial, the authors showed no evidence to support the
use of PRP as an injective treatment for Achilles
tendinopathy.

Looking at other available studies, Volpi et al. [29]
injected a single dose of PRP in 3 patients and achieved a
good clinical outcome at the first 3-month evaluation,

”»

in case of negative outcomes

which was later confirmed at 2 years. Gaweda et al. [39]
injected PRP in 14 patients (15 tendons in total) with non-
insertional Achilles tendinopathy. A significant increase

was recorded in clinical scores at the final evaluation at a

mean of 18 months, and ultrasonography revealed nor-
malization of peritendineum, reduction in tendon thicken-
ing and reduction in hypoechoic lesions. Furthermore, after
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an initial increase for up to 3-month follow-up, power
Doppler showed a reduction in tendon vascularity. The
clinical efficacy of PRP has also been suggested by Finoff,
Owens and Dallaudiere [34, 40, 41]. Finoff et al. [40]
treated chronic tendinopathy with US-guided needle
tenotomy and PRP injections. The study focused on dif-
ferently located tendinopathies, among which 14 Achilles
tendons were treated. Mean follow-up evaluation was
carried out at 14 months (range 3.5-25 months), and the
investigators found a significant decrease in pain and
concomitant functional recovery. No correlation was found
between clinical outcome and parameters such as age,
BMI, smoking status, tendinopathy location, symptom
duration or PRP platelet concentration. Owens et al. [41]
retrospectively reviewed a small cohort of 10 patients all
treated by intra-tendinous PRP injections. Evaluation items
included Foot and Ankle Ability Measure, Foot and Ankle
Ability Measure Sport and Short Form Health Survey (SF-
8). An improvement was found in each of these clinical
scores, but MRI evaluation did not reveal a better radio-
graphic appearance in the majority of tendons treated.
Comparable clinical results were also reported by Dal-
laudiere et al. [34]. A study by Monto et al. [42] confirmed
the positive clinical outcome of the aforementioned papers.
Thirty patients received a single US-guided injection of
autologous PRP. Clinical evaluation was carried out using
the American Orthopaedic foot and ankle score at 0, 1, 2, 3,
6, 12 and 24-month follow-up, and MRI/US evaluation was
performed 6 months after treatment. Clinical results were
positive, with a significant improvement with respect to the
first evaluation; this improvement was confirmed up to the
final follow-up at 24 months. MRI/US control scans
revealed signs of tendon healing in 27 out of 29 patients.
Two failures were recorded, and, interestingly, both cases
were related to calcaneal pathology (insertional calcaneal
tendinopathy and severe Haglund deformity). Similar
findings were reported by Deans et al. [43] who treated 26
patients by a single PRP injection followed by a stan-
dardized rehabilitation protocol: significant improvement
was documented at 6-week evaluation, with more than
80 % of patients reporting benefit in terms of pain and
function recovery. Mautner et al. [33] published a retro-
spective, multi-centric, cross-sectional study analyzing
clinical outcomes of 180 patients treated for different
tendinopathies. The Achilles tendon was the third most
common site treated (27 tendons), and the results were
impressive, since 100 % of the patients reported a “mod-
erate improvement to complete resolution” on a Likert
scale: the Achilles group was the best to respond after PRP
treatment. Interestingly, this trial included patients treated
in 4 different medical centers, each employing its particular
PRP formulation and therapeutic protocol. Another trial by
Ferrero et al. [30] found good results at 6-month evaluation
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in 24 patients treated by a single injection of PRP. Besides
the good clinical outcome, follow-up US scans were also
performed and revealed a widespread improvement in the
fibrillar echo texture of the tendon and reduced hypervas-
cularity as shown by power Doppler. More recently, Fi-
lardo et al. [44] showed that PRP could produce stable
clinical benefit up to 4.5 years after the treatment. The
authors found that, in 27 patients treated by 3 intra-tendi-
nous injections, the clinical outcome was positive and sport
participation was still possible at a stable level for up to the
mean 54-month follow-up. Interestingly, the longest
symptom duration correlated with a lower success rate of
this biological approach.

The most recent published study was authored by Mu-
rawski et al. [45] who retrospectively assessed a cohort of
32 patients treated by a single PRP injection in the mid-
substance of the Achilles tendon. Twenty-five patients
were asymptomatic after 6 months, whereas the remaining
7 required surgical intervention; thus, the overall success
rate for the therapy was estimated in about 80 % of cases.

Discussion

The main finding of the present study was the paucity of
high-level literature regarding the application of PRP in the
management of tendinopathy involving both patellar and
Achilles tendons, thus making it very hard for clinicians
and researchers to understand clearly the role of this bio-
logical approach in these common sport-related injuries.
Up to the present, 22 studies have been published in total
about these specific pathologies but just 2 of them (one for
patellar and one for Achilles tendon) are double-blind
RCTs, which is the best study design to provide robust and
sound data to support (or deny) the efficacy of this
treatment.

Considering patellar tendinopathy, all the reports sug-
gest a favorable role of PRP in stimulating tendon healing
and symptomatic relief. Two comparative trials have been
performed, both randomized, the first one evaluating PRP
against external shock waves [24] and the second one, a
double-blind study, evaluating dry needling and PRP ver-
sus dry needling alone [25]. Both these trials documented
superior results for PRP, that was at least capable of
accelerating healing times as shown by Dragoo et al. [25].
PRP seems therefore to be a useful treatment option for
recalcitrant patellar tendinopathy, which can be employed
even in professional athletes and offers a good chance of
beneficial effects as shown by Charrousset et al. [36].
Overall, the rate to return to sport activity was good in all
the available trials, and even results at mid-/long-term
evaluation were shown to be stable [28] without a signifi-
cant rate of relapse. It also emerged that bilateral
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involvement and long-lasting symptom duration could
negatively affect the clinical outcome, and also previous
injective or surgical treatments were linked to lower
functional results.

The most controversial debate concerns Achilles ten-
dinopathy, since the only double-blind RCT showed neg-
ative results for PRP, whereas the remaining trials (all case
series) reported overall positive outcomes even at mid-/
long-term evaluation. The authors of the aforementioned
double-blind RCT revealed an improvement in both treat-
ment groups (PRP and saline solution), without statistical
difference in terms of clinical results between both at 6-
and 12-month follow-ups. The same trend was observed
after the ultrasonographic evaluation of the tendon struc-
ture over time. Despite these relevant findings, some lim-
itations of the study should be taken into account before
making a final pronouncement on the “inefficacy” of PRP:
first of all, in the case of saline injections, needling itself
might be a treatment which involves mechanical stimula-
tion and bleeding of the degenerated tendon tissue, and
therefore, the good results reported after saline injections
cannot be ascribed only to a placebo effect. Furthermore,
the mean age of patients was notably higher than the
common sport-active population, and older age might
impair patients’ responsiveness to the biological effect of
PRP. Moreover, another fundamental aspect might be that
PRP was not activated, based on the fact that its activation
might be provided by contact with in situ autologous col-
lagen: this way, however, platelet gel formation might be
delayed and tendon contraction might squeeze the liquid
PRP away from the injection site, thus reducing its
potential beneficial effects. Based on these remarks, this
study, despite its high methodological quality and the
important contribution to the literature in this field, cannot
be considered conclusive when assessing PRP inefficacy
for this kind of pathology.

Besides considerations regarding the level of evidence
of the available studies, other controversial aspects should
be considered. First of all, the marked inter-product vari-
ability and the different application strategies currently in
clinical use have to be remembered. PRP is an off-the-shelf
product whose characteristics can widely vary according to
the different production techniques adopted. The different
cell types and concentrations provided by different proce-
dures and applied to the lesion site are a fundamental
aspect since even small variations in GFs concentrations
can produce different effects [3]. Timing and number of
injections are also important and should be further inves-
tigated since they might influence clinical outcome.
Another crucial aspect regards cellularity, since leukocytes,
monocytes, macrophages and mast cells are contained in
platelet concentrates and may play a role in the effects
exerted on the tendon tissue. Furthermore, the storage

procedure, if used, is thought to have an impact on the
amount and pattern of GFs released, and also the activation
method may influence the results, due to the fact that
activation may regulate the amount and speed of GFs
release and also the molecules used may themselves exert
their own effect on the physiology of tissue healing and
remodeling, without forgetting that the timing of gel for-
mation might also determine the amount of releasate
actually being delivered into the treated area [3]. All these
possible variables impede knowing the best formulations to
adopt for the treatment of tendinopathies, and current
clinical data do not allow any specific product feature to be
linked to clinical outcome, either positively or negatively.
In fact, good clinical outcomes were obtained with very
different PRP formulations (e.g., with or without leuko-
cytes) and injective protocols (e.g., one to three injections).
In light of these findings, further high-quality studies are
needed, with the aim of identifying the optimal PRP
properties and applicative modalities to treat Achilles and
patellar tendinopathy.

Another central aspect is the role of concurrent treat-
ment: in fact, PRP is always associated with a rehabilita-
tion protocol that itself plays a major role in the therapeutic
process. It is impossible to assess the contribution of PRP
administration to tendon healing alone, but some studies
have suggested that biological stimulation can be enhanced
by appropriate physical therapy (mainly based on eccentric
exercises) to achieve a better clinical outcome [46].
Therefore, current indications suggest combining both
approaches to treat this kind of patient with complex
tendinopathies.

In conclusion, the clinical data available, although not
univocal, suggest considering PRP as an option for the
management of both patellar and Achilles tendinopathies.
Clearly it must be remembered that there are marked
anatomical and biomechanical differences between patellar
and Achilles tendons, thus implying different etio-patho-
logical pathways and probably inherent different responses
to biological stimulation. However, based on the trials
published, PRP seems useful for tendinopathies not
responsive to other conservative treatments and, therefore,
at the moment, it can be considered as a second-line
approach for such conditions. Many questions are still open
concerning basic biology of PRP and its most appropriate
applicative modalities, as well as advantages and disad-
vantages with respect to other treatment approaches, and
therefore, more high-level trials are needed to address these
specific points and offer clear indications on the use of PRP
for the treatment of patellar and Achilles tendinopathy.
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