W) Check for updates

Qrthyéﬁléé/dic
surgery

Article

Journal of Orthopaedic Surgery
27(2) 1-7

© The Author(s) 2019

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2309499019842424
journals.sagepub.com/home/osj

®)SAGE

Can platelet-rich plasma be an
alternative to surgery for resistant
chronic patellar tendinopathy

in sportive people? Poor clinical
results at |-year follow-up
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Abstract

Introduction and purpose: Patellar tendinopathy is a disease affecting particularly athletes. Platelet-rich plasma (PRP)
injections have gained increasing interest for their potential benefits. Anyway, a tendon disease longer than 6 months
should be considered as an indication for surgery. The aim of our study was to evaluate the efficacy of PRP in athletes with
a severe chronic patellar tendinopathy longer than 6 months when surgery should be chosen. Methods: We enrolled
17 sport practitioners (|9 patellar tendons) who did not want to undergo surgery and who are nonresponders to other
conservative treatments. We treated them with PRP and calculated the results using the visual analog scale (VAS), the
Victorian Institute of Sport Assessment-Patellar (VISA-P) score, and Tegner Activity Scale. Every test has been conducted
at TO, T1 (4 months), and T2 (12 months). Results: We found a poor improvement at T| and a clinical worsening at T2
through VAS. VISA-P showed a medium improvement both at T| and T2. Tegner scale did not show improvements.
Conclusions: Our study was not able to remove the doubts about the benefits of PRP in patellar tendinopathy, con-
firming ambiguous certainties. Further investigations are needed to assess its effectiveness.
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categories at risk. Some authors have shown that patellar
tendinosis can also affect nonprofessional athletes who are
forced to spend most of their job-time sitting or who have to

Introduction

Patellar tendinopathy is a common disease mainly affecting
athletes. It is generally characterized by pain at the prox-

imal insertion of the tendon. Pain is firstly felt as a simple
discomfort. It is insidious and tends to be engraving leading
to a limitation of physical activity. As a disease of consid-
erable severity, it leads athletes to stop sporting activities
for long periods. In the most serious cases, it forces the
complete abandonment of physical activity.'

Patellar tendinopathy predominantly affects profes-
sional volleyball players (45%) or basketball ones
(32%).% In these sports, the tendon is very stressed for the
many jumps and landings. There are also other professional
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Unfortunately, lots of elite athletes do not respond to
conservative treatment and after a prolonged period of per-
sisting symptoms, generally 6 months, surgery is indicated.

In recent decades, infiltrative treatments involving the
use of platelet-rich plasma (PRP) or autologous blood have
gained increasing interest in the scientific community.*

PRP is a concentrate of autologous platelets suspended
in a small volume of plasma. Its therapeutic effects result
from the presence of high growth factor concentrations
(transforming growth factor (TGF)-betal, TGF-beta2,
platelet-derived growth factor, insulin-like growth factor-
1, epidermal growth factor, hepatocyte growth factor);
these are contained in platelet secretion granules capable
of accelerating the repair of damaged structures following a
trauma.>® The first standardized application of PRP began
in the mid-1990s in the dermatological and plastic-
reconstructive field to speedup the recovery of surgical
wounds.”'* The encouraging results gave rise to various
other orthopedic applications in the 2000s, initially con-
cerning bone trauma, then also regarding a number of other
pathologies such as osteoarthritis and musculoskeletal
diseases.'''* Currently, the validity of PRP is being tested
in noninvasive treatments of chronic tendon diseases. The
first study on the application of PRP in chronic tendinopa-
thy was in 2007: Volpi et al. proposed a prospective cohort
study analyzing the response of eight subjects after a single
infiltration with PRP in a rehab protocol. After 120 days of
treatment, seven patients reported a clear improvement in
symptoms, and magnetic resonance imaging (RMN/MRI)
images showed a significant reduction in signal heteroge-
neity compared to the images before the treatment.'*

Several other studies have followed showing important
results in pain reduction and concerning recovery time for
knee mobility and sport activities.'> > Despite studies
demonstrating the importance of PRP in chronic tendino-
pathies, few randomized studies of strong impact exist in
the current scientific literature, and scholars are looking for
further evidence.

The purpose of our study was to evaluate the efficacy of
PRP in cases where surgery has become the particular treat-
ment for diseases longer than 6 months and not sensible to
any other conservative treatment.

We aimed to evaluate the progression of clinical
symptoms in patients treated with PRP at 4 months and
12 months through a clinical subjective evaluation. The
clinical evaluation was followed by an echographic evalua-
tion of tendon tissue.

Materials and methods

Seventeen patients were selected for the study (12 males
and 5 females); for two patients, both knees were treated,
leading to a total amount of 19 knees. They had an average
age of 30.6 years ranging from 19 years to 45 years.

The average body mass index (BMI) was 24.3 kg/m?; no
patient had contraindications to treatment.

An observational study was conducted through a clinical
evaluation at 0, 4, and 12 months after PRP treatment. In
some patients, we succeeded in conducting an echographic
evaluation. The patients were all sportsperson who had
performed several conservative approaches that had not led
to any important benefits. Treatment options included oral
medications and topical nonsteroidal anti-inlammatory
drugs (FANS/NSAIDs), tendon supplements, and phy-
siotherapy treatment.

After 6 months since the beginning of the conservative
treatments, the patients refused surgery; therefore, we pro-
posed PRP injection as an alternative attempt. They spon-
taneously decided not to be operated and to be treated with
PRP injections.

All patients had to submit an informed consent before
the treatment.

Exclusion criteria left out patients who had undergone
surgery, patients over 45 years of age, degenerative articu-
lar disorders, contraindications to the use of PRP, and
patients who had undergone previous infiltration with PRP.
We included in the study young patients, patients practicing
amateur agonist sports, and nonresponders to other conser-
vative treatments.

The first step involved medical history reconstruction
and visit. Visit has been repeated at TO, T1, and T2, with
the collection of clinical data for our study: visual analog
scale (VAS) score, Tegner activity scale, and the Victorian
Institute of Sport Assessment—Patellar (VISA-P).*

The VAS score was rated from 1 to 10, indicating the
degrees of pain reported by the patients during the treat-
ment and thus representing the subjective measure of the
pain experienced.

In our study, we applied VAS score to a series of six
gestures typically able to evoke pain in the patient suffering
from chronic tendinopathy:

Sitting without feeling pain.

Going downstairs.

Extending the leg.

Bending the leg keeping the weight on it.
Crouching down.

Jumping 10 times on the affected leg.

A

The VISA score measures the ability to practice sports
activities by means of a 0—100 score, in which the highest
score represents full activity.

Tegner activity scale scores a sports activity level
between 0 and 10, where 0 is the disability and 10 is the
participation in competitive or extreme sports.*?

Assessment of PRP

The blood withdrawal (50 mL in a 1:10 ratio of gluconate
calcium and entire blood) was processed using the Gravita-
tional Platelet Concentration System © (GPS) II Platelet
Concentration System.
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Table I. Values of VAS for every question.

Questions

TO T1 (4 months) T2 (12 months)

I. How long can you remain seated without pain?
2. Do you have pain going downstairs normally?

3. Do you have pain if you stretch your leg out?

4. Do you have pain if you bend your leg and keep your weight on it?

5. Do you have difficulty crouching?

6. Do you have pain during or immediately after jumping 10 times

on the affected leg?

Mean (SD) 8.4 (3.04) 7.6 (2.19) 8.8 (1.78)
Median 10 6 10
Mean (SD) 9.4 (0.54) 10 (0.1) 9.6 (0.89)
Median 9 10 10
Mean (SD) 8 (3.08) 9.4 (0.89) 9.4 (0.89)
Median 10 10 10
Mean (SD) 8.6 (3.13) 8.8 (2.16) 7.8 (2.16)
Median 10 10 7
Mean (SD) 7.6 (2.88) 8.4 (1.67) 8 (2.82)
Median 8 8 10
Mean (SD) 9.4 (0.89) 8.2 (2.48) 8.2 (2.48)
Median 10 9 9

VAS: visual analog scale; SD: standard deviation.

After separation by centrifugation, we managed to
obtain a concentration about 10 times lower, reaching a
total amount of PRP of about 5 mL.

A small amount (50 pL) of sodium bicarbonate solution
was added to reestablish the physiological pH in the infil-
tration site and to allow platelet degranulation in the col-
lagen.>* The obtained PRP was stored in 5 cm® tubes and
stored at —30°C.

After the disinfection of the infiltration site by iodate
solution, a sterile field was set up.

Through ultrasound (US) guide, after an injection of
0.5 mL of lidocaine (local anesthetic), a 22-gauge needle
was inserted perpendicular to the affected tendon.

We injected the PRP into small doses by reposition-
ing the needle five to six times in the pathological
tissue.

After infiltrating all the volume of PRP (5 cm?), the
needle was removed and the infiltration site was disinfected
again.?’

Finally, we applied a compression bandage and invited
the patient to remain in a supine position for 30 min.

Patients were discharged after about an hour from PRP
injection.

We performed three injections in 15 days, for all
patients. Then we assigned them the rehabilitation
protocol.

The patients were required to keep the affected limb at
rest for at least 7 days, to start walking and to apply ice on
the infiltration site twice a day for 15 min.

Between 7 and 21 days after treatment, patients started
to walk into the water and swim at moderate and controlled
speeds.

At 5 weeks from infiltration, patients began eccentric
training of quadriceps and concentric exercises for leg flex-
ors gradually increasing the effort up to 7 weeks after
treatment.

At 9 weeks, they started specific sports exercises, with a
return to normal sports activity at 12 weeks after PRP
therapy.

Table 2. Values of averages and medians VAS for every
evaluation.

TO TI T2
Mean 8.8 7.18 8
Median 8.71 7.17 8

VAS: visual analog scale.

Statistical analysis

The data obtained were collected and organized into a data-
base. We calculated mean, median, and standard deviation of
the obtained values. The normality of the distribution of the
different variables was evaluated by Shapiro—Wilk test. As the
non-normal distribution was applied, Mann—Whitney’s non-
parametric test has been used to evaluate the existence of a
statistically significant difference in the clinical evaluations.

Results

In our study, 23 patients have been recruited for the appli-
cation of 24 PRP infiltrations between January 2015 and
August 2016. However, only 17 of these patients carried
out the complete cycle of three distant 10-day infiltrations
at TO and have been reevaluated at 4 and 12 months at the
clinical—-functional level. The other six people did not com-
plete the cycle because they decided to suspend sports
activity before the 12 months follow-up and were therefore
excluded from the analysis.

Table 1 presents the average scores of VAS of five
patients calculated from the six questions mentioned.

The mean VAS for all patients at TO was 8.8. Mean VAS
at T1 was 7.18, while at T2 it was 8.

From the Mann—Whitney test, it was a correct p > 0.05,
so there was no significant difference in results at 4 and
12 months compared to TO (Table 2).

The VISA score showed a relative enhancement, with an
average pretreatment score of 46.7 + 11.8, an average
value at T1 of 56.7 + 8.2, and a final average value of
61.5 + 9.5 (p > 0.05).
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Figure I. Correlation between VAS and VISA. VAS: visual analog
scale; VISA: the Victorian Institute of Sport Assessment.

It has been noted that no correspondence between mean
values of VAS and VISA-P was observed. (Figure 1).

Both for VAS and for VISA-P, from the Mann—Whitney
test, we obtained a correct p > 0.05, so there was no significant
difference in results at 4 and 12 months compared to TO.

Tegner’s Activity scale started from an average value of
8.2, it was still 8.2 at T1, while it was 8.0 at T2.

Only 13 of the 17 patients were evaluated through an
echographic test at TO and at the end of the follow-up. Four
patients (35%) reported an almost complete recovery of the
echographic defects. (Figures 2(a) and (b) and 3(a) and (b)).

Three patients showed calcific deposits on the proximal
insertion of tendon and they reported the same features at
12 months.

A patient had to be reoperated since pain persisted in the
first week. In this patient, the unsatisfactory outcome of the
therapy has also been related to tendinopathy chronicity
more than 5 years long.

Even more unsatisfactory results were reported with a
45-year-old patient who suffered non-absorption of the
infiltration: in this case, tendon pain became worse due to
the persistence of PRP and has led to the interruption of
sports activities (volleyball).

We found a steady improvement in a 20-year-old patient
with particularly serious start-up symptoms that led to a
total resolution of the symptoms just 4 months after the
treatment. The patient scrupulously followed the post-
infiltration protocol and has been followed by a
physiotherapist with specific exercises; he performed
personalized training before returning to sports too.

The other patients had an improvement especially in the
first 6 months of the treatment, but symptoms did not
improve in the further 12 months.

Discussion

Despite the promising preclinical premises, the literature
on the clinical application of PRP for patellar tendinopa-
thies presents controversial findings.

The study we have proposed is in line with other studies
with similar goals and methods, in particular Filardo’s
study of 2013. Filardo evaluated the effects of PRP therapy
after a medium-term follow-up period: They enrolled
43 patients (average age 30.6 years, mean BMI, 24.7 kg/m?,
42 men and 1 woman) with chronic tendinopathy. Eleven
patients suffering from bilateral tendinopathy have been
subjected to three intra-tendinous injections with 5 mL of
PRP. At first, patients have been evaluated prospectively,
then after 2 months, 6 months, up to a minimum of 3 years.
The evaluation used included VISA-P, EQ-VAS question-
naires, overall patient satisfaction, and time to return to
sports. High scores were documented at time over, and
80% of patients declared they were satisfied and managed
to return to sports. Significantly, worse results were
obtained in patients with a history of long-lasting painful
symptoms and bilateral lesions. No correlation between
US and clinical outcomes was found. In accordance with
our results, we found an appreciable improvement at
medium term (4 months) with normalization of long-term
outcome evaluated on VAS, and a clinical deterioration of
the patients with long-lasting tendinopathy.'®

The 2015 Kaux’s study has focused on the objective of
turning back to sports after treatment, and its results are
comparable to ours for those who have scrupulously fol-
lowed the proposed rehab program. Recovery was almost
total, both from the force developed by the articulation and
the movements before the development of the pathology.
Twenty subjects with chronic proximal circular tendinopa-
thy benefited from a PRP infiltration coupled with standar-
dized rehabilitation programs through eccentric exercises.
The follow-up (up to 1 year) was evaluated by a VAS,
International Knee Documentation Committee, and
VISA-P. Seventy percent of patients reported a favorable
evolution of symptomatology with pain decreasing and
returned to sports activities. Progressively, all scores have
improved significantly. This recent study confirms that a
local PRP injection with an eccentric rehabilitation pro-
gram improves symptoms and knee functionalities in
chronic patellar tendinopathy up to 1 year after
injection."”

In 2009, Kon et al. reported a steady improvement with a
sample of 20 male athletes with chronic patellar tendinosis.
For this study, 20 consecutive cases were treated and pro-
spectively clinically evaluated at a minimum 6 months
follow-up. Participants were all men, with a mean age of
25.5 years (range 18—47 years). All the patients had a
chronic condition, with a mean history of 20.7 months pain
(range 3—60 months) and had tried rest as treatment without
any success. PRP injections were carried out in three dif-
ferent moments. Tegner score and VAS were used for clin-
ical evaluation prior to treatment and in the follow-up.
Complications, functional recovery, and patient satisfac-
tion were also documented. A statistically significant
improvement was observed in all sportsmen following PRP
injections. A further improvement has been observed
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Figure 3. (2) and (b) Linear and transversal projection of patellar tendon at T2 in the same patient of Figure 2.

6 months later, following the physiotherapy treatment.
These clinical results have proved encouraging, indicating
that PRP injections have the potential to determine a satis-
factory outcome, even in severe cases of refractory
tendinopathy.'®

Another important aspect that we have to consider is that
PRP is not always the same product. In fact, the exact
definition of PRP has not been clearly established and
includes a range of formulations. Different applications and
formulations of PRP present different properties: Some of
them might produce good results, while others might be
ineffective or even dangerous.

The concentrations could vary in the number of platelets
supplied to the lesion, leading to a variety of amount of
growth factors (GFs): Even small variations in their concen-
trations can produce very different effects.” Moreover, the
appropriate dose, timing, and length of intervention are
important aspects requiring further investigation: The chron-
ological activation of molecular signaling should be appro-
priately coordinated to the temporal presence of cells.?’

Other controversial aspects regard cells that are into the
formulation. Platelets are not the lonely cells, but also

leukocytes, monocytes, macrophages, and mast cells might
be contained and play a role.”®

The method and timing of activation may play a role in
this variability. In fact, the amount and speed of GFs
release and activation may differ from the activation
time, 16:26.27.29

The contradictory findings along the age, about effec-
tiveness of PRP, could be justified by all these kinds of
differences.

In our study, athletes who did not benefited from other
conservative treatments have been enrolled. PRP infiltration
had then been supplemented with specific rehabilitation pro-
tocols, and the effects have been evaluated on the VAS,
VISA-P, and Tegner activity scale. Results have not been
encouraging at mid-term follow-up. A poor improvement of
clinical conditions has been revealed at 4 months. No satis-
factory results were recorded 12 months after the infiltration.
Both for VAS and for VISA-P, from the Mann—Whitney test,
we obtained a correct p > 0.05, so there was no significant
difference in results at 4 and 12 months compared to TO.

Echographic evaluations, as in correspondence with
clinical features, have shown no significant improvements.
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According to our results, the treatment for chronic patel-
lar tendinopathies with PRP infiltrations would seem not to
guarantee a good clinical outcome.

We believe that our clinical results are quite different
with respect to most of the other studies and provide a good
opposition in the literature. In fact, they seem a contrary to
what is supported by recent optimistic studies in literature.

This study is not with limitations. First, the sample size
is less with small number of patients; second, there is a
lack of uniformity in sample collection, particularly
because of the broad age range (19-45 years) and the
nonuniform BMI; third, the currentshort follow-up
(12 months) period is insufficient to determine the long-
evity of the treatment; and finally, a control group of
investigation is missing.

Unfortunately we did not succeed in evaluating all
patients with an echographic (US) test; only some of them
have been evaluated both at TO and in the follow-up, and no
objective standardized criteria have been used in the eva-
luation, according to some scientifically recognized
research items.

Then further instrumental investigations, such as func-
tional knee-specific biomechanical tests, may be needed to
evaluate the effectiveness of the treatment.

Conclusions

The purpose of our study is to propose a preliminary study
on the use of PRP infiltrations in chronic patellar tendino-
pathies with a surgical indication, evaluating whether it is a
viable alternative to surgery. The results have been largely
in line with the latest literature in a context still open. There
are doubts about the real benefits of PRP in chronic tendi-
nopathy despite its important use in health-care facilities.

Our study has not been able to address these doubts,
probably due to methodological limits, but also because the
tendency of its excessive use is superior to its proven
evidence-based effectiveness.

In conclusion, further investigations and analyses are
needed to improve the efficacy of the treatment, to reduce
the incidence of complications, and to evaluate the actual
efficacy of PRP as a valid alternative to surgery.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Christian RA, Rossy WH, and Sherman OH. Patellar tendi-
nopathy—recent developments toward treatment. Bull Hosp
Jt Dis 2014; 72(3): 217-224.

10.

11.

12.

13.

14.

15.

16.

. Lian OB, Engebretsen L, and Bahr R. Prevalence of jumper’s

knee among elite athletes from different sports: a cross-
sectional study. Am J Sports Med 2005; 33(4): 561-567.

. Kinsella D. Methods of addressing anteriior knee pain (AKP),

specifically patellar tendinopathy in an Australian Rules
Football Club. Strength & Conditioning Coach 2007; 15:
11-24.

. Kaeding CC, Pedroza AD, and Powers BC. Surgical treat-

ment of chronic patellar tendinosis: a systematic review. Clin
Orthop Relat Res 2007; 455: 102-106.

. Sanchez M, Delgado D, Sanchez P, et al. Platelet rich plasma

and knee surgery. Biomed Res Int 2014; 2014: 890630.

. Zhou Y, Zhang J, Wu H, et al. The differential effects of

leukocyte-containing and pure platelet-rich plasma (PRP)
on tendon stem/progenitor cells—implications of PRP appli-
cation for the clinical treatment of tendon injuries. Stem Cell
Res Ther 2015; 6: 173.

. Kushida S, Kakudo N, Morimoto N, et al. Utilization of

platelet-rich plasma for a fistula with subcutaneous cavity
following septic bursitis: a case report. Eplasty 2015; 15:
e31. eCollection 2015.

. Waiker PV and Shivalingappa S. Comparison between con-

ventional mechanical fixation and use of autologous Platelet
Rich Plasma (PRP) in wound beds prior to resurfacing with
split thickness skin graft. World J Plast Surg 2015; 4(1):
50-59.

. Kim DY, Ji YH, Kim DW, et al. Effects of platelet-rich

plasma, adipose-derived stem cells, and stromal vascular
fraction on the survival of human transplanted adipose tissue.
J Korean Med Sci 2014; 29(Suppl 3): S193-S2009.

Liao HT, Marra KG, and Rubin JP. Application of platelet-
rich plasma and platelet-rich fibrin in fat grafting: basic sci-
ence and literature review. Tissue Eng B Rev 2014:20(4):
267-276.

Bottegoni C, Dei Giudici L, Salvemini S, et al. Homologous
platelet-rich plasma for the treatment of knee osteoarthritis in
selected elderly patients: an open-label, uncontrolled, pilot
study. Ther Adv Musculoskelet Dis 2016; 8(2): 35-41.
Gibbs N, Diamond R, Sekyere EO, et al. Management of knee
osteoarthritis by combined stromal vascular fraction cell ther-
apy, platelet-rich plasma, and musculoskeletal exercises: a
case series. J Pain Res 2015; 8: 799-806.

Knop E, Paula LE, and Fuller R. Platelet-rich plasma for
osteoarthritis treatment. Rev Bras Reumatol 2016; 56(2):
152-164.

Volpi P, Marinoni L, Bait C, et al. Treatment of chronic
patellar tendinosis with buffered platelet rich plasma: a pre-
liminary study 2007; 60(4): 595-603.

Dragoo JL, Wasterlain AS, Braun HJ, et al. Platelet-rich
plasma as a treatment for patellar tendinopathy: a double-
blind, randomized controlled trial. Am J Sports Med 2014;
42(3): 610-618.

Filardo G, Kon E, Di Matteo B, et al. Platelet-rich plasma for
the treatment of patellar tendinopathy: clinical and imaging
findings at medium-term follow-up. Int Orthop 2013; 37(8):
1583-1589.



Manfreda et al.

17.

18.

19.

20.

21.

22.

Kaux JF, Bruyere O, Croisier JL, et al. One-year follow-up of
platelet-rich plasma infiltration to treat chronic proximal
patellar tendinopathies Acta Orthop Belg 2015; 81(2):
251-256.

Kon E, Filardo G, Delcogliano M, et al. Platelet-rich plasma:
new clinical application: a pilot study for treatment of jum-
per’s knee. Injury 2009; 40(6): 598—603.

Lane JG, Healey RM, Chase DC, et al. Use of platelet-rich
plasma to enhance tendon function and cellularity. 4m J
Orthop (Belle Mead NJ) 2013; 42(5): 209-214.

Vetrano M, Castorina A, Vulpiani MC, et al. Platelet-rich
plasma versus focused shock waves in the treatment of jum-
per’s knee in athletes. Am J Sports Med 2013; 41(4):
795-803.

Zayni R, Thaunat M, Fayard JM, et al. Platelet-rich plasma as
a treatment for chronic patellar tendinopathy: comparison of a
single versus two consecutive injections. Muscles Ligaments
Tendons J 2015; 5(2): 92-98.

Zwerver J, Kramer T, and van den Akker-Scheek 1. Validity
and reliability of the Dutch translation of the VISA-P ques-
tionnaire for patellar tendinopathy. BMC Musculoskelet Dis-
ord 2009; 10: 102.

23.

24.

25.

26.

27.

28.

29.

Tegner Y and Lysholm J. Rating systems in the evaluation of
knee ligament injuries. Clin Orthop 1985; 198: 43—49.
Dhurat R and Sukesh M. Principles and methods of prepara-
tion of platelet-rich plasma: a review and author’s perspec-
tive. J Cutan Aesthet Surg 2014;7(4): 189-197.

Crescibene A, Napolitano M, Sbano R, et al. Infiltration of
autologous growth factors in chronic tendinopathies. J Blood
Transfus 2015; 2015: 924380.

Tschon M, Fini M, Giardino R, et al. Lights and shadows
concerning platelet products for musculoskeletal regenera-
tion. Front Biosci (Elite Ed) 2011; 3: 96-107.

Kon E, Filardo G, Di Martino A, et al. Platelet-rich plasma
(PRP) to treat sports injuries: evidence to support its use.
Knee Surg Sports Traumatol Arthrosc 2011; 19(4): 516-527.
Pavlovic V, Ciric M, Jovanovic V, et al. Platelet rich plasma:
a short overview of certain bioactive components. Open Med
2016; 11(1): 242-247.

Salamanna F, Veronesi F, Maglio M, et al. New and emer-
ging strategies in platelet-rich plasma application in mus-
culoskeletal regenerative procedures: general overview on
still open questions and outlook. Biomed Res Int 2015;
2015: 846045.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


