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  ABSTRACT
 INTRODUCTION: 

Despite the various methods described in producing platelet-rich plasma (PRP), it is well established that this 
biological product in its many preparations have been proven to enhance wound healing. However, very little 
have been known about the efficacy of these methods hence there is a lack of evidence in the superiority of 
one method over another. Thus, a study was conducted to compare these different protocols to determine 
which produces the highest concentration of platelets. 

 METHODS: 
Peripheral blood was obtained from 24 healthy volunteers. Four different protocols using similar 2 step 
centrifugation methods of preparing PRP were applied to an equal number of samples in this study. Platelet 
counts were performed on whole blood (without processing), PRP preparations and platelet-poor plasma (PPP).  

 RESULTS: 
All protocols produced higher amounts of platelet concentrates in PRP preparations than plasma. However, 
centrifugation at 150g for 10 minutes followed by another at 450g at 10 minutes produces significantly higher 
amount of platelets concentration (p<0.05). 

 CONCLUSION:  
Optimizing the protocols to produce PRP appears to be important in obtaining a maximal yield of platelet 
concentrate. Here the protocol described has shown to provide significant concentration yield over all others.
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Introduction
Platelet rich plasma (PRP) is a highly concentrated form 
of autogenous platelets, providing a rich and readily 
obtainable source of a diverse group of growth factors(1). 
Its importance is related to the large variety of growth 
factors involved in healing that are physiologically 
contained in platelet α-granules (2). Although the role of 
platelet concentrates in treating various haematological 
conditions and diseases have been well established, their 
roles in wound healing have only been recently described. 

PRP mainly consist of platelets and several growth factors 
which includes (but not limited to) platelet-derived growth 
factor (PDGF), transforming growth factor (TGF), vascular 
endothelial growth factor (VEGF), endothelial growth 
factor (EGF) and insulin-like growth factor (IGF). These 
growth factors are released from activated platelet to 
initiate and modulate wound healing in both soft and hard 
tissues. Growth factors found in higher concentrations are 
thought to help in accelerating and enhance wound healing 
through tissue repair mechanisms such as chemotaxis, 
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cell proliferation, angiogenesis, extracellular matrix 
deposition and remodelling (3, 4). PRP which contains 
high concentrations of growth factors, is used for various 
applications mainly for wound healing that may shorten 
the healing period. Besides, PRP are widely used in oral, 
maxillofacial surgery, tendon repairs, muscle therapy and 
many more. 

Based on our literature review, there are several ways to 
prepare platelet concentrate (PRP), all of which promising 
higher platelet concentrations. However, we have found 
there has been no reference to a study which makes a side 
to side comparison analyses on these various methods 
and thus provide no evidence of the effectiveness of 
one particular method over the other. Thus, a study was 
conducted to compare the different methods of preparing 
PRP and to determine which method best produces the 
highest platelet concentrate. In addition, this study will 
also reconfirm the reliability of different preparation of 
PRP as claimed in the different literatures.

Methods
PRP is prepared via a 2-step centrifugation procedure using 
venous blood. The centrifuge speed, the amount of blood 
collected, the type of equipment used for collection of blood 
differs according to the type of preparations described by 

the various authors. Blood was obtained from 24 subjects 
who have no previous known medical illness and appeared 
well on the day where the procedure was performed.

A venepuncture was performed by a phlebotomist to obtain 
the peripheral blood. 10 ml of blood was aspirated with a 
21 G needle and was mixed with 18 mg of anticoagulant 
K2 potassium salt of ethyleneediaminetetraacetic acid 
(EDTA) to avoid coagulation. 0.2 ml of blood was taken 
and placed in a sterile tube where whole blood count was 
performed. PRP was isolated from whole blood at different 
centrifugal force at different time period which results in a 
0.5-1ml “buffy-coat” extract. The layer was then separated 
centrifuged again to obtain a two-part plasma: the upper 
layer which is the poor-platelet plasma (PPP) and the lower 
layer known as PRP. The PRP and PPP were then separated 
and place in sterile tubes. A series of platelet count was 
performed using the Sysmex XT-1800 machine. 

Statistical Analysis 
The data obtained were analyzed using statistical software 
(SPSS for Windows; PASW Statistics version 18). The 
number of platelets in whole blood, the number of platelets 
in PRP and the number of platelets in PPP were compared 
with different methods of preparations. Non-parametric 
test (p<0.05) were employed in this study. 

Table 1:  The different centrifugation speed, period of time and temperature taken for the comparison of which best produces the 
highest platelet counts.

Method 1st Centrifugation 
speed

Time
(Minutes)

Temperature (°C) 2nd Centrifugation 
Speed

Time 
(minutes)

Temperature (°C)

1 2000 g 30 20 250 g 20 20
2 150 g 10 20 450 10 20
3 215 g 10 20 865 10 20
4 1125 10 20 300 25 20

Isolation of blood through venipuncture.
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Obtained blood was transferred into the 10 ml EDTA tube (anti-coagulation) and centrifuged at different 
speed as stated in Table 1

 

                  

 
Three layers were formed (Top layer: Plasma, Middle layer: Buffy Coat, Lowest Layer: Red Blood Cells). 1 

ml of plasma layer right above the Buffy coat was obtained and centrifuged again.

  

Two layers were formed: Lower layer Platelet-Poor Plasma (PPP) and Upper Layer of  
Platelet-Rich Plasma (PRP) 

 

Flow Chart 1:  Shows the two centrifugation technique that was performed. Data was attained for whole blood counts, PRP counts 
and PPP counts.
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Results 
PRP was prepared using different centrifugal forces which 
were described by previous authors (5-7). Regardless of 
the method used, the numbers of platelets in PRP were 
of higher value as compared to the number of platelets 
in whole blood. Figure 1 to 4 is a summary comparing 
the values attained based on platelet counts from whole 
blood and PRP. All four methods proved that platelet counts 
for PRP is of 2-5 folds higher as compared to the platelet 
counts in whole blood.
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Figure 1:  The graph above shows the platelet count in whole 
blood and PRP obtained by using Method 1
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Figure 2:  The graph above shows the platelet count in whole 
blood and PRP obtained by using Method 2  
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Figure 3:  The graph above shows the platelet count in whole 
blood and PRP obtained by using Method 3
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Figure 4:  The graph above shows the platelet count in whole 
blood and PRP obtained by using Method 4  

There were 11 females and 13 male donors in this study. 
The mean of the age for the subjects who participated for 
this study lies within the range of 24 to 29. There were 
no significant differences between the mean age and 
the values attained for both sexes (Table 2 and 3). Based 
on statistical analysis, it was found that the distribution 
of platelet counts in whole blood in method 1,2,3 and 4 
were not significantly different (p <0.05). It was also found 
that that the distribution of platelets in PRP attained using 
methods 1, 2, 3 and 4 were of normal distribution. 

Table 2: Mean Values for Platelets in Whole Blood, PRP and PPP.  

Number of Subjects              Mean no of Platelets (x 109/L)
Method  Males       Female        Age           WB         PRP          PPP               p-value                    

1 4 2 28.83        256.67      686.67      24.50 0.135
2 2 4 24.67 223.83 979.17 59.17 0.02
3 3 3 24.83 218.17 596.83 35.00 0.135
4 4 2 24.50 291.50 659.50 212.60 0.007

*p-value denoted is by comparing p-values of PRP and PPP by using Mann-Whitney U test.
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It is found that the mean number of platelet counts for 
PRP obtained by following method 2 produces the highest 
platelet count (Kruskall-wallis: p< 0.05). All other methods 
only produced between 2.2 to 2.75 fold increase in platelet 
counts (table 3).  

Table 3:  Data analysed on the number of folds comparing 
whole blood with PRP. 

Mean no of Platelets (x 109/L)
Methods                          WB         PRP          Number of 

folds
p-value                    

1 256.67      686.67      2.67
2 223.83 979.17 4.37 0.87
3 218.17 596.83 2.74
4 291.50 659.50 2.26

*p-value denoted is by comparing p-values of PRP with different 
methods by using post hoc – Tamhane’s T2 test.

Discussion
The realization in the vast potential of PRP in clinical 
applications have made the use of this simple to produce 
biological product for maxillofacial surgery, foot and ankle 
surgery (8), osteal defects repair (9, 10), muscle and tendon 
therapy (11-13) and many more, a dispensible alternative to 
current more elegant and expensive methods of treatment 
including stem cell therapies. However, before the use of PRP 
can be effective, several issues needs to be addressed which 
includes identifying the most important method to produce 
the most effective therapeutic concentration possible. The 
type of anti-coagulant, centrifugal speeds, the amount and 
the type of growth factors existing in PRP, the number of 
platelets in the donor’s blood and PRP itself as well as the 
clinical applications of PRP all play an important role in 
determining the maximal yield of platelet concentrate and 
therefore must be carefully considered before being applied 
into clinical applications (14-18). To our knowledge, we 
found that there were many methods to preparing PRP but 
no similar comparative study as to the one presented in the 
present report have been described previously. This study 
demonstrates the importance of determining optimization 
methods and standard practices which will eventually lead 
to the best outcome possible of PRP products. 

Further determining the highest possible concentration 
using various methods of preparations, it is also noteworthy 
to determine the concentrations of platelets required for 
wound healing or other applications to be succesful. 
Haynesworth et al demonstrated that the proliferation 
of adult mesenchymal stem cells and their differentiation 
were directly related to the platelet concentration. They 
showed a dose-response curve, which indicated that, 
to produce a sufficient cellular response to platelet 
concentrations, concentration of approximately 4 to 5 fold 
increase of platelet count as compared to baseline platelet 
count would be required. It was therefore important 
to note, that if this study had made its way into clinical 
applications, method 2 would have been the only method 
which would have produced a significant clinical outcome 

while the other methods would prove to be sub-optimal. 
As most individuals have a baseline platelet count of 
200,000 ± 75,000/µL, a PRP platelet count of 1 million/ µL 
as measured in the standard 6-ml aliquot has become the 
benchmark for “therapeutic PRP”. 

Based on the mean platelet counts, the highest in mean 
number of platelets concentration in PRP was produced by 
applying method 2 which was 979.17 x 109/L. The highest 
mean number of platelet in PRP is followed by method 
1, 4 and 3 (in a descending order) which falls within the 
range of 500 to 700 x 109/L. In reference to the study 
conducted by Marx et al, other than method 2, all other 
methods would not be beneficial for patients receiving 
ineffective concentration of PRP. Due to this factor, FDA 
cleared devices (concentrates platelets) must consistently 
achieve this therapeutic levels of platelet concentration 
and thus growth factor release, in order to be registered 
as a therapeutic device (17, 18). 

As the objective of this study was to compare the different 
techniques in order to attain the best or the highest platelet 
count in PRP, the changing variable is the centrifugal forces. 
Method 1 and  method  4 uses “hard spin” for the first 
centrifugation and “soft spin” for the second centrifugation. 
Whereas, Method 2 and 3 starts off with soft spin for the 
first centrifugation and then followed by hard spin. Based 
on the values attained in this study, it was found that by 
applying method 2 produces the highest mean number 
of platelets in PRP, it can be said that, in order to obtain 
highest number of platelet concentrate, soft spin can be a 
better option. But this contradicts as Method 1, whereby 
we used hard spin and then followed by soft spin and this 
produces highest mean number of platelets as compared 
to method 3 and 4. There are several articles published 
that uses hard spin and then soft spin for the second 
centrifugation and documented success rate in obtaining 
PRP with high number of platelets (3, 19, 20). Thus, it is 
unclear and undefined whether the hard spin or the soft 
spin as the centrifugation force or vice versa for the second 
centrifugation force as far as obtaining highest number of 
platelets in PRP is concerned. Also, further studies should 
be conducted looking into the platelet function based on 
these using soft spin and hard spin as well as looking into 
these platelet function in terms of in vivo trials.

                         

 

Figure 5:  Images taken after the first centrifugation using 
method 1



6

ORIGINAL ARTICLE JUMMEC 2011: 14(2)

Several limitations were identified in this study and were 
carefully addressed where possible. One of which was 
the difficulty in distinguishing the plasma layer in our PRP 
preparations. Based on the images above, it was found 
that method number 1 shows a clear layer of plasma, 
buffy coat as well as red blood cells. However, in other 
methods, it was found to be difficult to delineate the exact 
PRP layer which lies directly above the buffy coat (21, 22). 
Furthermore, when it comes to the preparation of platelet, 
it was difficult to isolate the plasma layer right above the 
buffy coat running the risk of contaminating the PRP with 
red blood cells. It therefore appears that the method 
of sampling PRP in all methods is more of an art rather 
than pure science and therefore a more amicable and 
standardized approach to extract the exact layer of platelet 
concentration must be developed if a more replicable study 
is to be produced. In addition, although method 2 produced 
the highest mean number of platelets in PRP, the number 
of functional platelets remains an unanswered question. 
Thus, further studies to test the function of PRP in in vivo 
trials must be considered. 

Conclusion
The proposed protocol that is used in method 2 which 
involved centrifugation at 150g for 10 minutes followed by 
another at 450g at 10 minutes has shown to produce the 
highest mean number of platelets concentrations in PRP. 
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