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Abstract
Background. Autologous platelet-rich plasma (PRP) injection is an alternative but widely accepted method 
for the treatment of degenerative changes in tendon attachments known as enthesopathies. The PRP is con-
sidered a safe source for high concentrations of the growth factors involved in the healing process. Despite 
initial promising outcomes, many recent studies report conflicting results for this treatment. This may be due 
to differences in the concentrations of platelets and growth factors in PRPs obtained using different methods.

Objectives. The aim of this study was to compare PRP preparation systems in terms of morphotic compo-
nents and selected growth factors to find the most appropriate procedure for the treatment of enthesopathies.

Materials and methods. Whole blood samples from 6 healthy male volunteers were collected. Using 
different commercial kits (Mini GPS III System, Arthrex ACP, and Xerthra, Dr. PRP), 4 PRPs were prepared 
from the blood of each participant. All samples were analyzed for the content of morphotic components 
and the following growth factors: transforming growth factor-β1 (TGF-β1), epidermal growth factor (EGF), 
vascular endothelial growth factor (VEGF), and platelet-derived growth factor AA (PDGF-AA).

Results. The Mini GPS III produced PRP with the highest concentration of platelets and white blood cells 
(WBC) compared to the other systems included in the study. Significant differences in the levels of EGF and 
PDGF-AA were found only between the Mini GPS III and Arthrex ACP. There was positive correlation between 
the content of platelets and the levels of PDGF-AA and EGF. The red blood cells (RBC) concentration positively 
correlated with PDGF-AA, EGF and VEGF.

Conclusions. This study showed differences between the morphotic components and levels of selected 
growth factors in PRP obtained with the different preparation methods. Due to insufficient data, we cannot 
argue for or against any of the studied protocols for the treatment of enthesopathy. Further studies on a larger 
population are required to validate our results.
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Background

Enthesopathies are degenerative changes in  the  site 
of tendon attachment to the bone. This disease can affect 
many different sites in the human body. The most common 
and best described are changes in the attachment of wrist 
extensors or flexors to humeral epicondyles, the Achilles 
tendon, patellar tendon, suprascapular tendon, or plantar 
fascia.1 The main symptoms reported by patients include 
local pain and limitations in sport, work and daily activi-
ties. The cause of the disease still remains unclear. How-
ever, the most widely accepted theory is the accumulation 
of microinjuries resulting from repeated overloads that 
exceed the body’s compensatory capacity. The change 
in  the  dogma of  the  inflammatory nature of  this dis-
ease was the result of numerous histopathological stud-
ies that found disorganized tissue and neovessels within 
the  involved tendon, but only few inflammatory cells. 
In many cases, symptoms resolve spontaneously and prop-
erly selected exercises help prevent them in the future. 
Unfortunately, some cases turn into a chronic condition 
that is very difficult to treat, and sometimes only surgical 
excision of the affected tissue can lead to improvement.

Due to  the  lack of  effective therapy, many different 
methods have been proposed, and autologous platelet-rich 
plasma (PRP) is one of the most promising treatments.1–3 
For this procedure, the patient’s blood is collected and 
centrifuged to isolate the platelet-rich part of the plasma. 
This plasma is then administered into the affected tissue, 
typically by local injection. The α-granules of platelets con-
tain significant amounts of cytokines involved in tissue 
healing.4 It is expected that PRP containing a platelet con-
centration above the baseline will contain a significantly 
higher concentration of important cytokines, chemokines 
and growth factors.5 Numerous in vitro studies have shown 
that these biologically active components play a key role 
in tissue repair by stimulating proliferation, chemotaxis, 
cell differentiation, and angiogenesis.4,6,7

The  acceleration of  natural tissue healing processes 
by  PRP administration was expected to  revolutionize 
the treatment of injuries and chronic degenerative diseases 
like enthesopathy. Other diseases in which the natural bal-
ance between anabolic and catabolic processes is disrupted 
are also candidates for PRP treatment. Positive clinical 
outcomes have been reported for various conditions in-
cluding bone nonunions, osteonecrosis, difficult-to-heal 
wounds, osteoarthritis, and sports injuries.8–12

The enthusiastic adoption of this method began to wane 
with the increasing appearance of studies showing con-
flicting results.12–14 A major problem with this body of re-
search is the lack of a standardized definition for PRP. 
Many manufacturers have released commercially avail-
able kits for the easy preparation of PRP in an outpatient 
setting.8,15 These kits differ from each other in various 
parameters, such as the amount of material collected from 
the patient, the type of anticoagulant used, the structure 

of the separator, the length and speed of centrifugation, 
the method of extraction and activation, the assumed con-
centration of platelets and leukocytes in final product, and 
its consistency.16–19 These differences have made it almost 
impossible to compare the results of studies where PRP was 
prepared according to different protocols.

The answer to the above problem should be a reliable 
classification system for PRP. One of the classification sys-
tems designed to standardize the nomenclature is based 
on the content of fibrin and leukocytes in the PRP. In this 
system, 4 main classes of autologous PRPs are identified 
— PRP with a low content of leukocytes (P-PRP), PRP with 
a high content of leukocytes (L-PRP), platelet-rich fibrin 
with a  low content of  leukocytes (P-PRF), and platelet-
rich fibrin with a high content of  leukocytes (L-PRF).20 
However, these divisions do not include the concentration 
or the absolute number of platelets. Another classification 
system proposed to improve the comparison of results 
from different publications is the PAW system. This sys-
tem is based on the 3 most important components of PRP: 
the absolute number of platelets, the method of their acti-
vation and the leukocyte content.21

The classification systems mentioned above do not solve 
all the problems connected with studies on PRP. The mul-
tiplicity of variables still makes it almost impossible to pre-
dict the content of different growth factors in PRP.

Objectives

The  main goal of  this study is  to  compare the  PRP 
preparation systems available on the local market in terms 
of morphotic components and selected growth factors.

The results of such an analysis are essential for selecting 
the most appropriate procedure for daily clinical practice 
and for further research on the treatment of degenerative 
conditions. Regarding legal issues, only those systems that 
are officially registered for the treatment of enthesopathy 
were included in the study. However, our results can be help-
ful in decision-making for all conditions treated with PRP.

Materials and methods

Study design and setting

This controlled laboratory study was conducted at Wro-
claw Medical University, Poland, in the Diagnostic Labora-
tory for Teaching and Research by clinicians and labora-
tory researchers. All procedures on human participants 
were conducted in accordance with the ethical standards 
of Wroclaw Medical University (Poland) and with the 1964 
Helsinki Declaration and its later amendments. The study 
was approved by the local bioethics committee (Ethics 
Committee of Wroclaw Medical University, 30.03.2020, 
approval No. KB 163/2020).
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Participants

Six healthy male volunteers similar in age were asked for 
a whole blood donation. The number of participants in-
cluded reflects the preliminary nature of the study. Criteria 
for inclusion in the study were an age of 27–28 years, ab-
sence of significant disease and conditions that could affect 
the blood morphotic components, at least 2 weeks with-
out taking any drug that may interfere with the function 
of platelets, and a non-smoking status.

Data sources and measurement

Approximately 75 mL of whole blood was collected from 
each participant under aseptic conditions and immedi-
ately divided into 5 samples. First, ~2 mL was transferred 
to a tube with ethylenediaminetetraacetic acid (EDTA) and 
then analyzed for morphotic components using an auto-
matic laboratory analyzer (Mindray BC-5150; Shenzhen 
Mindray Bio-Medical Electronics Co., Ltd, Shenzen, China). 
The 4 remaining blood samples from each participant were 
used to prepare 4 different PRPs according to the proto-
cols provided by the manufacturers. Four commercial PRP 
systems that were available on the local medical market 
were chosen as they are frequently used for the treatment 
of  orthopedic conditions. The  systems used included 
the Arthrex Autologous Conditioned Plasma (ACP) Double 
Syringe system (Arthrex Inc., Naples, USA), the Mini GPS 
III Platelet Concentration system (Biomet Inc., Warsaw, 
USA), the Xerthra PRP kit (Biovico Sp. z o.o., Gdynia, Po-
land), and Dr. PRP (Rmedica, Seoul, South Korea).

The  Arthrex ACP Double Syringe system required 
13.5  mL of  whole blood collected into a  specially de-
signed double-syringe system within 1.5 mL ACD-A added 
as an anticoagulant. The samples were spun at 1500 rpm 
for 5 min in a dedicated centrifuge provided by the local 
distributor. After centrifugation, conditioned plasma in 
a volume of 4 mL was transferred to the inner syringe 
in the double-syringe system and was ready to use.

The Mini GPS III Platelet Concentration system has 
a specially designed valve for automatic PRP separation. 
After mixing 27 mL of whole blood with 3 mL of ACD-A 
anticoagulant, the samples were placed in a separator and 
spun at 3200 rpm for 15 min in a dedicated centrifuge pro-
vided by the local distributor. The platelet-poor plasma was 
then removed and about 3 mL of leukocyte-rich (LR)-PRP 
was collected into a new sterile syringe.

The Xerthra PRP kit required 13.5 mL of whole blood 
that was mixed with 1.5  mL of  3.13% sodium citrate 
as an anticoagulant. The samples were spun at 3500 rpm 
for 5 min in a dedicated centrifuge provided by the local 
distributor, transferring plasma into the neck of the tube 
and removing platelet poor plasma 1.5 mL of leukocyte-
poor (LP)-PRP was then collected into a new sterile syringe.

Whole blood in a volume of 18 mL mixed with 2 mL 
of 3.13% sodium citrate was transferred into the Dr. PRP 

tube. The samples were then spun for 4 min at 3100 rpm 
in a dedicated centrifuge provided by the local distributor. 
Following this, the piston in the device was used to sepa-
rate the plasma from the red blood cells (RBC) by moving 
it into the neck of the tube. After removing platelet poor 
plasma, LP-PRP in a volume of 3 mL was collected into 
a new sterile syringe.

All 24 samples of prepared plasma were analyzed for 
the  content of  morphotic components using an  auto-
matic laboratory analyzer (Mindray BC-5150). The count 
and concentration of white blood cells (WBC), RBC and 
platelets were evaluated immediately after collection 
of the samples. Platelet capture efficiency (PCE) was cal-
culated using the following formula:

obtained PRP volume [mL] × platelets concentration  
in PRP (G/L)/whole blood collected volume [mL] 
× platelets concentration in whole blood (G/L).

Following collection, 1 mL of each PRP sample was placed 
into an Eppendorf polypropylene tube and went through 
the platelet activation process developed by Zimmermann 
et al.22 The activation procedure involved freezing at −80°C 
for 30 min, followed by thawing to room temperature for 
another 30 min and freezing for a second time at −80°C. 
The samples were then stored at −80°C until further analysis.

Before cytokine measurement, the PRP samples were 
thawed completely at  room temperature and spun for 
5 min at 2.5 rpm using a Micro Star 17 centrifuge (VWR 
International Company, ThermoElectron LED, Langen
selbold, Germany). A custom-designed bead-based multi-
plex immunoassay that uses fluorescence-encoded beads 
and flow cytometry (LEGENDplexTM; BioLegend, San 
Diego, USA) was used to quantify the following platelet 
growth factors: transforming growth factor-β1 (TGF-β1, 
free active), epidermal growth factor (EGF), vascular endo-
thelial growth factor (VEGF), and platelet-derived growth 
factor-AA (PDGF-AA). The concentration of a particular 
cytokine was determined by means of a standard curve 
generated during the performance of the test. The analy-
ses were done according to the manufacturer’s instruc-
tions. The samples were acquired on CyFlow SPACE and 
a CyFlow CUBE flow cytometer (Sysmex-Partec, Görlitz, 
Germany) by applying a 488 nm laser with a 536/40 (BP) 
filter for the PE fluorochrome, and a 638 nm laser with 
a 675/20 (BP) filter for the APC fluorochrome. The results 
were analyzed with LEGENDplexTM Data Analysis Soft-
ware v. 8.0 (Vigene Tech Inc., Carlisle, USA).

All data obtained and analyzed in this study are quanti-
tative. To avoid bias in the obtained results, all PRP samples 
were made with the same great care.

Statistical methods

All data were analyzed using STATISTICA v. 13.3 soft-
ware (StatSoft Inc., Tulsa, USA). Due to the lack of con-
firmation of  to a normal distribution, as assessed with 
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the Shapiro–Wilk test, nonparametric methods were used 
(Kruskal–Wallis one-way analysis of variance (ANOVA) 
with Dunn’s post hoc test and Spearman’s correlation). Sta-
tistical significance was established at the level of p < 0.05.

Results

Study participants

Six volunteers, aged 27.8 ±0.4 years, met the criteria for 
inclusion and were enrolled in the study. The average body 
mass index (BMI) of the volunteers was 25.82 ±2.12 kg/m². 
Each participant signed an informed consent form.

Main results

Whole blood count

The distribution of the cellular components of whole 
blood samples collected from all participants are included 
in Table 1. All results were in the range of normal physi-
ological values.

Concentration of platelets

The  platelet concentrations for the  PRP samples are 
illustrated in  Fig. 1. Only 1 single sample of  PRP de-
livered by  Xerthra PRP kit had a  lower concentration 
of  platelets than baseline. The  highest platelet con-
centration was produced with the Mini GPS III System 
(1266.33 ±347.96 × 109/L), and the lowest with Arthrex 
ACP (395 ±110.15 × 109/L). Statistical analysis showed 
a significant difference between the 2 systems mentioned 
above (p = 0.003), and between the Mini GPS III and Xer-
thra PRP kits (513.67 ±255.99 × 109/L; p = 0.04). There 
was no significant difference when compared to Dr. PRP 
(504.83 ±106.29 × 109/L; p > 0.05).

PCE

The PCE results are illustrated in Fig. 2. The highest 
PCE score was obtained from the Mini GPS III system 
(53.76 ±6.66%), and the lowest from the Xerthra PRP kit 

(23.50 ±13.13%). The Mini GPS III System provided a sig-
nificantly higher PCE then the Xerthra PRP kit (p = 0.001) 
and Dr. PRP (33.68 ±8.78%; p = 0.02). Although the PCE 

Fig. 1. Platelet concentration in PRP obtained using different systems

A – Arthrex ACP; B – Mini GPS III System; C – Xerthra PRP kit; D – Dr. PRP.

Fig. 2. Platelet capture efficiency in PRP obtained using different systems

A – Arthrex ACP; B – Mini GPS III System; C – Xerthra PRP kit; D – Dr. PRP.

Table 1. Whole blood characteristics from all participants (NR 1–6)

Blood parameter
Participant

Mean
NR1 NR2 NR3 NR4 NR5 NR6

RBC [1012/L] 4.69 4.47 4.97 5.82 5.5 5.04 5.08 ±0.46

Platelets [109/L] 171 288 244 226 364 264 259.5 ±59.09

WBC [109/L] 4.79 5.62 7.22 6.5 7.64 6.19 6.33 ±0.95

Neutrophils [109/L] 2.52 3.01 4.13 3.34 4.37 2.97 3.39 ±0.66

Lymphocytes [109/L] 1.79 1.83 2.41 2.44 2.53 2.53 2.26 ±0.32

Monocytes [109/L] 0.34 0.4 0.53 0.49 0.54 0.45 0.46 ±0.07

Eosinophils [109/L] 0.11 0.34 0.11 0.18 0.17 0.21 0.19 ±0.08

Basophils [109/L] 0.03 0.04 0.04 0.05 0.03 0.03 0.04 ±0.01

RBC – red blood cells; WBC – white blood cells.
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obtained from the Arthrex ACP kit (44.66 ±2.65%) was 
lower than that for the Mini GPS III and higher than that 
for the Xerthra PRP and Dr. PRP kits, the differences were 
not statistically significant (p = 0.061, p = 0.22, p = 1, 
respectively).

Concentration of WBC

The WBC concentrations for the PRP samples are illus-
trated in Fig. 3. The highest concentrations of WBC were ob-
tained with the Mini GPS III system (34.81 ±9.59 × 109/L), 
and it was the only system that produced a WBC con-
centration above the whole blood baseline level. Statis-
tical analysis showed significant differences when com-
paring Mini GPS III to Arthrex ACP (0.78 ±0.73 × 109/L; 
p = 0.02) and Dr. PRP (0.50 ±0.59 × 109/L; p = 0.001), but 
not to the Xerthra PRP kit (1.91 ±1.87 × 109/L; p = 0.16).

Concentration of RBC

The RBC concentrations for the PRP samples are il-
lustrated in Fig. 4. One of  the goals of producing PRP 
is  to  separate it  from plasma containing RBC. Hence, 
the RBC concentration in PRP can be treated as a mea-
sure of  purification. The  Mini GPS III System de-
livered PRP with the  highest concentration of  RBC 
(1.48 ±0.88 × 1012/L), which was significantly higher than 

Arthrex ACP (0.04 ±0.06 × 1012/L; p = 0.045), the Xer-
thra PRP kit (0.02 ±0.01 × 1012/L; p = 0.04) and Dr. PRP 
(0.01 ±0.01 × 1012/L; p = 0.004). No significant differences 
were found between the other systems.

Concentration of growth factors

All obtained growth factor concentrations are in-
cluded in  Table 2. Statistical analysis showed that 
the  Mini GPS III System compared to  Arthrex ACP 
delivered PRP with significantly higher levels of  EGF 
(364.1 ±180.16 pg/mL compared to 107.37 ±95.12 pg/mL; 
p = 0.04) and PDGF-AA (98,698 ±23,843.58 pg/mL com-
pared to 33,172.5 ±13,266.38 pg/mL; p = 0.02). There were 
no significant differences among the other systems and 
growth factors.

Correlation between growth factors  
and morphotic components

All Spearman’s correlations are presented in Fig. 5. There 
was a  significant positive correlation between platelet 
concentration and both EGF and PDFG-AA (Spearman’s 
R values 0.46 and 0.58, respectively). A significant positive 
correlation was also observed between the WBC concen-
tration and PDFG-AA (Spearman’s R value 0.51). The RBC 
concentration was also significantly positively correlated 

Fig. 4. Red blood cells concentration in PRP obtained using different 
systems

A – Arthrex ACP; B – Mini GPS III System; C – Xerthra PRP kit; D – Dr. PRP.

Fig. 3. White blood cells concentration in PRP obtained using different 
systems

A – Arthrex ACP; B – Mini GPS III System; C – Xerthra PRP kit; D – Dr. PRP.

Table 2. Concentration of growth factors in PRP obtained using different systems

System
Growth factor

TGF-β1 [pg/mL] EGF [pg/mL] VEGF [pg/mL] PDGF-AA [pg/mL]

Arthrex ACP 58.12 ±76.92 107.37 ±95.12 138.88 ±189.52 33172.5 ±13266.38

Mini GPS III System 31.72 ±17.26 364.1 ±180.16 456.06 ±301.51 98698 ±23843.58

Xerthra PRP kit 45.97 ±59.60 161.20 ±125.34 288.61 ±364.54 54565.43 ±43241.12

Dr. PRP 30.18 ±25 223.48 ±173.63 187.58 ±134.90 41400.6 ±18537.8

TGF-β1 – transforming growth factor-β1; EGF – epidermal growth factor; VEGF – vascular endothelial growth factor; PDGF-AA – platelet-derived growth 
factor-AA. 
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with the levels of EGF, VEGF and PDGF-AA (Spearman’s 
R values 0.51, 0.53 and 0.57, respectively). No significant 
correlation was found between TGF-β1 and any PRP mor-
photic component.

Discussion

As expected, the current study showed differences be-
tween PRP produced with the use of various commercial 
kits. These findings confirm the results of other studies 
that have been summarized in a recent systemic review.19 
However, it is important to point out that these differences 
do not determine the possible clinical superiority of any 
of the described systems.

All kits used in the current study produced PRP with 
an average platelet concentration above the whole blood 
baseline level. For unexplained reasons, 1 PRP sample 
obtained using the Xerthra PRP system had a platelet 
concentration below the baseline level. The Mini GPS III 
System produced the highest platelet concentration in rela-
tion to the whole blood baseline level (×4.84 ±0.6), while 
the lowest concentration was generated with the Arthrex 
ACP system (×1.51 ±0.09). These 2 systems are among 
the most studied and others have reported similar results 

for platelet concentrations.17,19,23,24 The Xerthra PRP kit 
and Dr. PRP were able to concentrate platelets in similar 
manner (×2.11 ±1.18 and ×2.02 ±0.53, respectively).

Both too low and too high a platelet concentration can 
reduce the chances of a good therapeutic response. Platelet 
levels below the baseline are not sufficient to induce a sig-
nificant response and a concentration above ×6 may slow 
down the repair processes.21 Graziani et al. concluded that 
platelet concentrations of approx. 2.5 times greater than 
native blood achieved a maximum effect on osteoblast 
and fibroblast proliferation in vitro. In addition, higher 
dosages 3.5 times above baseline could lead to some ad-
verse events.25 Various studies have also reported differ-
ent ideal therapeutic platelet concentrations. While some 
authors recommend a  platelet concentration of  about 
1000 × 103/mL, others consider a number >200 × 103/mL 
as sufficient.26,27 According to this latter definition of PRP, 
all samples included in this study met the criteria.28

In  the  current study, there were significant correla-
tions observed between platelet concentration and both 
EGF and PDGF-AA, but no correlations with VEGF and 
TGF-β1. These results are somewhat different from what 
has been reported previously. For example, Magalon ob-
served significant correlations between platelet dose and 
all growth factors examined (VEGF, EGF, PDGF-AB, and 

Fig. 5. Spearman correlations between morphotic components and growth factors in PRP samples
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TGF-β1).17 Similarly, Sundman also reported positive sig-
nificant correlations between platelets and both TGF-β1 
and PDGF-AB.29

Significantly higher concentrations of WBC were de-
livered by the Mini GPS III system as it  is designed for 
LR-PRP production. The mean concentration of WBC pro-
duced by this system was 5.55 ±1.65 times above the base-
line in whole blood. The mean content of neutrophils and 
leukocytes were distributed almost equally (15.72 ±8.11 
× 109/L and 15.99 ±2.96 × 109/L, respectively). Similar re-
sults have been observed in previous studies.17–19,23,24,29 Ar-
threx ACP, Xerthra PRP kit and Dr. PRP delivered LP-PRP 
with a WBC concentration much lower than the baseline 
level. According to the literature, the presence of leuko-
cytes in PRP could affect the levels of important growth 
factors such as VEGF and EGF, and may also have anti-
bacterial or immune-regulating effects.17,18,30 While we did 
not observe a correlation between WBC and both VEGF 
and EGF, a positive correlation with PDGF-AA was found. 
This finding has not been reported in previous research, 
likely because PDGF-AA is not a frequently analyzed cyto-
kine. In vitro studies have shown a potential negative effect 
on the healing of tendon structures due to the high content 
of proteinases and hydrolases in WBC, especially in neu-
trophils.29,31–33 In vivo studies do not confirm this effect; 
however, when planning the therapy for enthesopathies, 
one should take into consideration the possible stimulation 
of catabolic processes by a high content of leukocytes.15,21

An efficient PRP preparation procedure should remove 
RBC as much as possible, as their presence is considered 
as the sign of impurity. This is likely the reason why the most 
studies do not analyze the correlation between RBC and 
growth factors. Our results showed a significant correlation 
between RBC concentration and levels of growth factors 
such as EGF, VEGF and PDGF-AA. The strength of correla-
tion was moderate (Spearman’s R value between 0.51 and 
0.57) but still worthy of further analysis in a larger popula-
tion. Among the tested PRP preparation kits, the Mini GPS 
III System produced a significantly higher RBC contamina-
tion compared to other systems. This may be one of the fac-
tors behind the higher growth factor content in PRP ob-
tained by the Mini GPS III System in other studies.17,19 
Arthrex ACP, Xerthra PRP kit and Dr. PRP delivered PRP 
with an almost undetectable RBC concentration.

Limitations

To date, numerous studies have already shown the di-
versity in the morphotic components and growth factor 
content in PRP obtained various using methods. However, 
systems such as the Xerthra PRP kit and Dr. PRP were 
tested here for the first time. There are many more com-
mercially available systems for PRP preparation than those 
included in the study. Even if we chose the most popular 
systems, it does not allow the results to be transferred 
to other systems, and they have to be evaluated separately.

As this is a preliminary study, we decided to examine 
only a few selected growth factors. Many other cytokines, 
chemokines and growth factors released by platelets are 
also involved in tissue healing. The task for future research 
is to study all of the cytokines that play a key role in re-
generative processes. On the other hand, even a precise 
determination of the cytokine content does not allow one 
to predict clinical effects in vivo. Therefore, it will be nec-
essary to evaluate how differences in PRP characteristics 
affect living tissues.

Due to the lack of confirmation to a normal distribution 
for most of the data, nonparametric methods were used 
for statistical analyses. This lack of confirmation was likely 
due to the small sample size used, and extension to a larger 
group of participants may provide more reliable results.

Conclusions

The  current study showed a  wide heterogeneity 
in the characteristics of autologous PRPs produced by vari-
ous commercial kits. Based on the obtained results and 
previous studies, the correlation between the concentra-
tion of desired growth factors and morphotic components 
remains unclear. Due to insufficient data, we cannot argue 
for or against use of any of the mentioned protocols for 
the treatment of enthesopathy. Further studies on a larger 
population that examine a wider variety of cytokines are 
required to validate our results. Future research should 
also focus on both the in vitro and in vivo biological effects 
of PRP produced by different preparation protocols to es-
tablish the effects of different concentrations of the various 
growth factors on tissue healing.
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