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This study describes a simple, low-cost, minimally invasive way to apply PRP growth factors to chronic 
patellar tendinosis; 20 male athletes with a mean history of20.7 months of pain received treatment, and 
outcomes were prospectively evaluated at 6 months follow-up. No severe adverse events were observed, 
and statistically significant improvements in all scores were recorded. The results suggest that this 
method may be safely used for the treatment of jumper's knee, by aiding the regeneration of tissue which 
otherwise has low healing potential. 

Introduction 

jumper's knee is a troublesome condition of unknown aetiology 
and pathogenesis, characterised by microscopic ruptures with 
degenerative changes either in the distal quadriceps tendon or in 
the patellar tendon. The condition occurs most frequently in the 
origin of the patellar tendon origin on the inferior pole of the 
patella.6 It is a common and often chronic problem among athletes, 
and can severely limit or even end an athletic career. 

This disorder affects athletes in many sports, particularly elite 
athletes engaged in high-impact jumping sports.12 The prevalence 
of jumper's knee has been estimated to range between 40% and 50% 
among high-level volleyball players and between 35% and 40% 
among elite basketball players. There is also a high prevalence 
among soccer players, sprinters and jumpers.6

·
20 

Most athletes with this condition are young adults, who have to 
reduce their training and avoid certain activities, such as excessive 
jumping.7 An epidemiological evaluation showed that the average 
duration of pain and reduced function is nearly 3 years. 19 A long­
term prognostic study recorded that at 15 years follow-up 53% of 
those being followed reported having to quit their sports career 
because of their knee problem.18 Thus, it seems that jumper's knee 
commonly contributes to the decision to abandon an athletic 

• Corresponding author. Tel.: +39 051 6366567: fax: +39 051 583789. 
E-mail address: e.kon@biomec.ior.it (E. Kon). 

0020-1383/$ - see front matter © 2008 Elsevier Ltd. All rights reserved. 
doi: 10.1016/j.injury.2008.11.026 

career, and causes mild but long-lasting symptoms that may 
remain after the athletic career is over.18 

Most people with jumper's knee are treated non-operatively; 
several drugs and physical therapy methods are used to help the 
healing process. Initial treatments usually include rest, ice, 
electrotherapy, massage, anti-inflammatory medication or corti­
costeroid injections. However, there is no evidence-based support 
for the efficacy of these regimens.1 1.23 Recently, eccentric training 
has been proposed as effective treatment for patellar tendinosis2431 

but, in difficult cases where results are poor, surgical treatment may 
be considered and is recommended for athletes whose sports career 
seems to be in danger. Some studies report good surgical results,1525 

but the main treatment options are poorly researched, and outcomes 
after both operative and non-operative treatment may offer 
incomplete recovery and difficulties in returning to sport. 1 

·
8 

In recent years, several studies have described a complex 
regulation of growth factors for normal tissue structure and 
reaction to tissue damage, and have shown an important role for 
growth factor application in the healing of damaged tissue. 
Platelet-rich plasma (PRP) is a natural concentrate of autologous 
growth factors, which is now being widely tested in different fields 
of medicine for its possibilities in aiding the regeneration of tissue 
with low healing potential; fields of application include ortho­
paedics, sports medicine. dentistry, dermatology, ophthalmology 
and plastic, maxillofacial and cosmetic surgery. This method 
provides a simple, low-cost, minimally invasive way to apply many 
growth factors to the lesion site. To our knowledge, there are no 
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studies on the clinical application ofPRP via multiple injections to 
favour patellar tendon healing. 

The aim of our study was to explore this novel approach to 
treating chronic patellar tendinosis, by gathering and assessing the 
number, timing, severity, duration and resolution of related 
adverse events occurring among study participants before and 
after treatment. The secondary aim was to analyse the results 
obtained, to determine feasibility, safety, indications and applica­
tion of the method for further, wider studies. 

Methods 

Partidpant selection 

Clinical experimentation was approved by the hospital ethics 
committee and informed consent of all participants was obtained. 

The following diagnostic criteria for jumper's knee were used: 
history (>3 months) of exercise-associated pain, pain or tender­
ness on palpation, pain during provocative tests of the knee 
extensors, and findings of ultrasonography or magnetic resonance 
imaging showing degenerative changes of the tendons. Exclusion 
criteria included: systemic disorders such as diabetes, rheumatoid 
arthritis, haematological diseases ( coagulopathies ), severe cardi­
ovascular disease, infections, immunodepression, therapy with 
anticoagulants, anti-aggregants or non-steroidal anti-inflamma­
tory drugs in the 5 days before blood donation, haemoglobin values 
of <1 1 g/dl and platelets values of <150 x 109 1-1

. 

For this study, 20 consecutive cases were treated and 
prospectively 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); 13 had a unilateral and 7 had bilateral 
lesions. The men practised sports at a highly competitive but not 
professional level in 16 cases, a high level in 2 cases and an amateur 
level in 2 cases. All 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. A total of 13 participants tried non­
operative treatments (6 had received laser therapy, 6 ultrasound 
therapy, 9 shock wave therapy, 3 corticosteroid injection, 1 
sclerosing therapy and 1 eccentric lengthening). Of these 13, 5 had 
undergone previous surgery (5 scarification, 1 coblation). 

PRP preparation and injection 

The procedure involved withdrawing a 150-ml venous blood 
sample (collected in 21 ml sodium citrate) for every lesion treated 
and for a complete peripheral blood count. Two centrifugations of 
150 ml venous blood (the first at 1800 rpm for 15 min to separate 
erythrocytes, and the second at 3500 rpm for 1 0 min to concentrate 
platelets) produced a unit of 20 ml PRP. All the procedures were 
performed in the same office setting. The unit ofPRP was divided into 
four smaller units of 5 ml each. All the open procedures were 
performed in an A-class sterile hood. One unit was sent to the 
laboratory for analysis of platelet concentration and quality test 
(platelet count and bacteriological test), one unit was used for the first 
injection within 2 h and the other two units were stored at -30 oc. 
The total number of plateletsfml PRP represented a mean increase of 
600% compared with whole blood values, and approximately 6.8 
million platelets were applied to the lesion site at every injection. 

Injections were administered every 15 days; for the second and 
third treatments, the samples were thawed in a dry thermostat at 
37 oc for 30 s just before application. Before the injection, 10% of 
CaCl (Ca2+ = 0.22 mequiv. x dose) was added to the PRP unit to 
activate platelets. The skin was sterile dressed and the targeting 
area was identified by clinical landmarks and imaging evaluation 
with MRl or ultrasound images (the injections were performed 

Fig. 1. Injection technique. lntratendinous and peritendinous PRP is distributed 
using a 22-g needle with a single or double skin portal and four to six penetrations 
of the tendon. 

without ultrasound guidance). The injection technique involved a 
single or double skin portal and then multiple (four to six) 
penetrations of the tendon using a 22-g needle, to distribute the 
PRP within and around the tendinous lesion (Figs. 1 and 2). At the 
end of the procedure the participant remained supine for 15 min, 
to allow the PRP to remain localised. 

Post-procedure protocol and follow-up evaluation 

After the injection, the participants were sent home with 
instructions on limiting the use of the leg for at least 24 h and to 

Fig. 2. Injection technique: schematic representation. 



600 E. Kon et al.j Injury, Int.]. Care Injured 40 (2009) 598-603 

Fig. 3. Magnetic resonance imaging shows the patellar tendon (A) before the treatment and (B) at 6 months follow-up after PRP injections, demonstrating improved tendon 
structure. 

use cold therapy/ice on the affected area for pain. During this 
period non-steroidal medication was allowed. Between the first 
and the second injection, rest was indicated. After the second 
injection, stretching exercises and mild activities (e.g. exercise 
bicycle or pool) were suggested. After the third application, 
participants were encouraged to continue with stretching and light 
activities, to begin a strengthening programme and to proceed 
gradually after 1 month with normal sport or recreational activities 
as tolerated. 

Each case was clinically prospectively evaluated before and at 
the end of the treatment, and at 6 months follow-up. Tegner, EQ 
VAS and SF 36 questionnaires were used for clinical evaluation. 
Complications, functional recovery and participant satisfaction 
were also recorded. 

Statistical method 

Power analysis was performed: the goal of the study was to test 
the null hypothesis that the mean difference between basal and 
follow-up EQ VAS values was different from 0. The mean clinically 
significant difference was set at 15 points and the standard 
deviation at 20 points. The criterion for significance (alpha) was set 
at 0.05. With a sample size of 20 cases, the study had power of 
88.9%. 

All continuous data were expressed in terms of mean ±stan­
standard deviation or median and range. The paired t-test (normally 
distributed data) or the Wilcoxon test (data not normally distributed) 
was used to analyse the difference between basal and follow-up 
values. The Mann-Whitney test evaluated by the Monte Carlo 
method for small samples was used to test the hypotheses regarding 
continuous data differences between groups. For all tests p < 0.05 
was considered significant. Statistical analysis was performed using 
SPSS 15.0 for Windows (SPSS, Chicago, IL, USA) at Rizzoli Orthopaedic 
Institute. 

Results 

All results are presented as number of tendons treated (not 
number of individuals). 

No complications related to the injections nor any severe 
adverse events were observed during the treatment or follow-up 

Table 1 
Pain and stiffness levels after the injections, recorded on 1-10 scale. 

Symptom 

Pain 
Stiffness 

Intensity 

Mean ±S.D. 

6.1 ± 1.4 
6.2 ± 1.9 

S.D., standard deviation. 

Range 

2-9 
1-8 

Duration (days) 

Mean ± S.D. 

1.5 ± 0.7 
2.2 ± 1.1 

Range 

1-3 
1-4 

period. In only one case a marked pain response occurred after the 
injection and lasted 3 weeks. In all other cases, we recorded 
moderate pain and stiffness for a few days (Table 1 ). 

A statistically significant improvement in all scores was 
observed after 6 months (Fig. 3). Statistical analysis showed a 
significant improvement in results of the SF36 questionnaire in all 
parameters evaluated at the end of the therapy and at 6 months 
follow-up (Table 2), and in the results ofthe EQ VAS (paired t-test, 
p < 0.0005) from basal evaluation to the end of the therapy and 
further at 6 months follow-up (paired t-test, p; 0.011) as shown in 
Fig. 4. 

In each case the sports activity, which was evaluated using the 
Tegner score, showed a statistically significant improvement 
(Wilcoxon test, p < 0.0005) from pre-treatment level to 6 months 
follow-up ; most of the men returned to practise their sport, with a 
lower score but not with a statistically significant difference 
compared with the previous activity level (Fig. 5). 

The evaluation of functional recovery showed six men with 
complete recovery, eight with marked improvement, two with 
mild improvement and, in four cases, no improvement. Participant 
satisfaction, defined as satisfied or not satisfied with results of 
treatment, was 80% (16/20). 

In order to establish the indications for this type of treatment, 
we tried to determine the parameters that influenced the clinical 
outcome. Participants who did not follow the post-procedure 
protocol achieved lower results in the Tegner score (3.2 ± 0.5 
versus 7.7 ± 1.6, Mann-Whitney test, p < 0.0005) and in the EQ VAS 
(59 ± 17 versus 85 ± 12, Mann-Whitney test, p = 0.005 ). In three of 
the four failed cases, the men did not follow the stretching and 
strengthening programme. In the fourth, there was no improvement 
even after a protocol of eccentric lengthening in addition to 
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Table 2 
SF 36 evaluation: scores show statistically significant improvement in all parameters at the end of therapy. The improvement is maintained or increased at 6 months follow­
up (paired t-test). 

Parameter Before End of 
therapy therapy 

Physical function 56.7 82.0 
Role limitations due to physical factors 13.9 43.5 
Pain 35.7 63.8 
General mental health 64.9 75.1 
Vitality 59.1 68.9 
Social functioning 49.1 69.9 
Role limitations due to emotional factors 40.7 88.9 
General health perceptions 69.1 78.1 

treatments tried before the injection, such as shock wave, ultrasound 
and two operations; we did not record any progress with scarification 
and coblation. After 6 months the man was treated again and, during 
surgery, intra tendinous calcifications were found and removed. In the 
other cases, where good results were obtained, return to sport and 
previous activity levels were achieved in a median period of 2 months 
(range 1-4 months) after the third injection (Fig. 6). 

Discussion 

jumper's knee is one of the most common overuse injuries 
among both male and female athletes; it is an insertional 
tendinopathy that causes pain and subsequent dysfunction. 
jumper's knee is not an inflammatory condition; it occurs because 
of the high chronic repetitive loading that exceeds the adaptive 
abilities of the tendon and causes microscopic tears and 
degeneration in the tendon substance. The poor regenerative 
ability of tendons, explained by the poor vascularity, oxygenation 
and nutrition of this tissue, cannot cope with the applied forces and 
chronic degenerative tendinopathy may develop. 

Certain factors have been suspected of predisposing athletes to 
this condition.18

·
20 Anatomical, biomechanical and other intrinsic 

factors such as gender. age and overweight, and extrinsic factors, 
such as excessive loading, training errors and poor environmental 
conditions. play important roles in the development of this 
pathology by tending to increase the loading of the extensor 
apparatus and thus susceptibility to tendon disorders. Although 
cyclic loads may be well within the ultimate failure stress range of 
tendons, these can fatigue under high repetitive loading, as 
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Fig. 4. Health status evaluated with EQ-VAS (means and Cis). Cl, confidence 
interval: FU, follow-up. 

At 6 months End versus start of 6 months follow-up versus 
follow-up therapy (p value) end of therapy (p value) 

86.7 <0.0005 0.272 
87.0 0.002 <0.0005 
71.6 <0.0005 0.205 
78.5 0.002 0.122 
68.7 <0.0005 0.921 
84.3 <0.0005 0.004 
91.4 <0.0005 0.690 
85.9 0.003 0.001 

confirmed by the fact that most people report a gradual onset of 
their symptoms.29 Continued abusive load and irritation stimulate 
the local release of cytokines, with an autocrine and paracrine 
modulation of cell activity. 14 When tissue breakdown exceeds 
repair and the cell matrix fails to adapt to the load, the tendinosis 
process is initiated with the formation of an initially asymptomatic 
focal area of intratendinous damage. The histological changes 
suggest that the pathological process is degenerative, without 
signs of inflammation.20 Tendinosis is a collection of various 
histological entities, and the degenerative damage accumulates a 
long time before the first perception of symptoms such as pain, 
stiffness, tenderness or discomfort, as well as before any attempt at 
treatment. The slower and more insidious the onset of the injury 
and its symptoms, the slower and longer the recovery; this 
theoretical model of the pathophysiology of overuse injuries 
explains the difficulties in the treatment of chronic tendon 
disease. 14 

The most recent knowledge regarding tissue biology highlights 
a complex regulation of growth factors for normal tissue structure 
and reaction to tissue damage. Several studies have reported the 
important role of growth factors (GFs ) in tendon regeneration and 
the effectiveness of growth factor application for healing damaged 
tissue. Studies have demonstrated the role of TGF-~,16· 17 which 
increases expression of procollagen types I and Ill and improves 
mechanical properties. PDGF-BB, IGF-1 , VEGF and BFGF also 
promote tendon cell proliferation and tendon healing.9

·22 It has 
been shown that healing tendon is responsive to the local 
application of growth factors, and the fact that platelets secrete 
growth factors and active metabolites means that they can have a 
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Fig. 6. Percentage of participants resuming sports after treatment, at different 
follow-up points. 

positive influence on clinical situations requiring rapid healing and 
tendon regeneration. Recently, good clinical results have been 
reported in the treatment of chronic patellar tendinopathies with 
the use of autologous blood injections to provide mechanical and 
biological stimulation. The benefits documented are the result of 
some kind of bleeding, which stimulates the healing response 
through cellular and humoral mediators that induce the healing 
cascade, with the formation of granulation tissue and tissue 
regeneration favouring tendon repair.13 

Platelets contain storage pools of growth factors including 
platelet-derived growth factor (PDGF), transforming growth factor 
(TGF-13 ), platelet-derived epidermal growth factor (PDEGF). 
vascular endothelial growth factor (VEGF). insulin-like growth 
factor 1 (IGF-1 ), fibroblastic growth factor (FGF), epidermal growth 
factor (EGF) and cytokines including proteins such as platelet 
factor 4 (PF4) and CD40L. Chemokines and newly synthesised 
metabolites are also released.27 The growth factors are a diverse 
group of polypeptides that have important roles in the regulation 
of growth and development of a variety of tissues. Their 
administration in the form of platelet gel provides an adhesive 
support that can confine secretion to a chosen site. Additionally, 
the presentation of growth factors attached to platelets and fibrin 
may result in enhanced activity involving recombinant proteins.2 

Releasate from PRP has been seen to stimulate gene expression of 
the matrix molecules,28 collagen production 10 and tendon cell 
proliferation in tendon culture. In-vitro studies3

.4 have demonstrated 
the mitogenic activity, and also that stimulated tenocytes synthesise 
VEGF and HGF, suggesting a beneficial effect for the treatment of 
tendon injuries by inducing cell proliferation and promoting the 
synthesis of angiogenic factors during the healing process. Animal 
studies have confirmed the usefulness of platelet concentrate for the 
treatment of tendon damage,5.3° with an increased tendon callus 
strength and stiffness after percutaneous injections in transected 
tendons. In addition, a more rapid recovery in surgically repaired 
tendons treated with PRP has been recorded in a human study.26 

For the time being, the evidence base for PRP's clinical use is in 
its infancy, and there are only a few papers that specifically address 
treatment applications in the orthopaedic field. In particular, to our 
knowledge, there are no previously published studies regarding 
the PRP treatment of jumper's knee. However. the only study in 
humans on tendon treatment using multiple PRP injections for 
tennis elbow reports promising results.21 

PRP has been a controversial treatment. because it was 
considered to resemble blood product manipulations that are 

prohibited in sports. However, even if it derives from blood, it does 
not enhance sport performance. PRP is injected into the lesion and 
the gel maintains the growth factors in the lesion site, so that PRP 
cannot influence other tissues. Healing is assisted, but no athlete 
returns to play before at least 1 month after the last injection, when 
the lesion is healed and no growth factors are detectable in the 
repaired site. nor is PRP a prohibited method for the enhancement 
of the oxygen transfer, as the red blood cells (responsible for blood 
doping) are separated and eliminated through centrifugation 
before injection. The World Anti-Doping Agency is now studying 
the problem, but currently this procedure is not included in the 
WADA Prohibited List. 

The aim of our study was to explore this novel approach for the 
treatment of chronic patellar tendinosis and to evaluate the safety 
of our protocol, by gathering and assessing the number, timing, 
severity, duration and resolution of related adverse events. No 
complications such as effusion, infection, marked muscle atrophy, 
deep vein thrombosis, fever, haematoma, tissue hypertrophy, 
adhesion formation or other major adverse events occurred among 
participants. The only minor adverse event detected was moderate 
pain and stiffness after the injections, which persisted for few days, 
except in 1 case which took 3 weeks to resolve. The secondary aim 
of the study was to evaluate the preliminary results obtained, in 
order to determine feasibility and potential of this new therapeutic 
approach, and to analyse indication criteria and application 
methods for further studies. 

We observed a statistically significant improvement in all 
scores evaluated at the end of the therapy and at 6-month follow­
up. Knee function and quality of life markedly improved, and the 
majority of the participants had a good recovery, returned to their 
previous sport activity level and were satisfied with the results of 
the treatment. Further evaluation ofthe correlation ofthe different 
variables showed that the post-procedure protocol markedly 
influenced the results: participants who did not follow the 
rehabilitation programme achieved poorer results. Stretching 
and strengthening therapies, which had failed before treatment, 
played a key role in rehabilitation after the PRP injections. This 
could be explained on one hand by the interplay between 
biological and mechanical stimulation increasing the healing 
potential, as shown in an animal model,30 and on the other hand by 
improved functioning of the extensor apparatus, which could 
reduce the overload and thus aid healing of the tendon and 
maintenance of the results over time. 

The weak points of this study are the lack of a control group and 
the low number of people treated; however, clear indications have 
emerged regarding safety, feasibility and potential of this 
treatment option. 

This report outlines the first in vivo human investigation of the 
use of autologous growth factors to treat jumper's knee by means 
of PRP injections. and demonstrates that this is a safe method to 
improve tendon healing, with promising results. Further double­
blind trials are needed in the future to confirm the results obtained, 
and a report on cost-effectiveness would also be useful before wide 
clinical application. 

Conclusions 

The clinical results of our pilot study are encouraging and 
suggest that this method may be used for the treatment of jumper's 
knee. The preliminary short-term results indicate that treatment 
with PRP injections in the degenerate area has the potential to 
reduce pain and allow the majority of patients to go back to full · 
tendon-loading activity. However, long-term randomised con­
trolled studies will be needed to confirm the reliability of this 
procedure, identify indication criteria and improve application 
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methods; further studies evaluating this new technique for 
treating jumper's knee are in progress. 
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