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A Comparison of Platelet Count and 
Enrichment Percentages in the Platelet 
Rich Plasma (PRP) Obtained Following 
Preparation by Three Different Methods
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IntrOductIOn
Wound healing is the body’s ability to repair and replace injured or 
dead cells. It is an absolute prerequisite for survival and can be 
divided into four overlapping stages: hemostasis, inflammatory, 
proliferative, and remodeling [1]. The initial response to tissue injury 
is inflammation, whereby the goal is to provide rapid hemostasis 
and begin the sequence of events that leads to regeneration 
of tissue. Platelets play a key role in wound healing and release 
various growth factors and cytokines that result in cell migration, 
proliferation, differentiation, and matrix synthesis [2].

PRP is defined as an “autologous concentration of platelets in a 
small volume of plasma” and is considered to be a rich source of 
autologous growth factors [2]. The various growth factors present in 
PRP are Platelet derived growth factor (PDGF), Transforming growth 
factor beta ( TGF-beta), Vascular endothelial growth factor (VEGF), 
Epidermal Growth Factor (EGF), Platelet factor 4 (PF-4), Insulin like 
growth factor-1 (IGF-1), Platelet derived angiogenesis factor (PDAF) 
[3]. PRP represents a contemporary approach to tissue regeneration 
and has been found to be a valuable adjunct to promote healing in 
many oral surgical procedures [4]. 

The use of PRP in dental surgical procedures could have beneficial 
outcomes in terms of reduction in bleeding, enhanced soft tissue 
healing and bone regeneration [5]. Varied methods of preparation of 
PRP have been reported in the literature. These include commercial 
systems such as Vivostat ®, PCCS®, Harvest Smart PReP®, 
Fibrinet ®. Manual methods using laboratory centrifuge have been 
reported by Marx [6] , Landesberg et al., [7], and Okuda et al., [8]. 
The clinical effectiveness of each of these methods remains unclear 

and depends on several variables [9]. The role of centrifugation rate 
and time on the platelet concentrations achieved in each of the 
methods has not been evaluated. Thus the objective of this study 
was to determine the effects of centrifugation rate RPM and time 
on the platelet numbers in the concentrates obtained following the 
three different methods of PRP preparation.

MAterIAls And MethOds
This was an experimental study in which platelet concentration was 
assessed in the PRP prepared by using three different protocols.

The sample size was calculated based on the data (difference 
between mean recovery efficiency in percentage of platelet at 
different centrifugation times) from a recent study by Perez et al., [10]. 
Based on the true probability of exposure, inclusion of 18 individuals 
will be able to reject the null hypothesis (centrifugation rate and time 
have no influence on the platelet enrichment percentage) with the 
type I error of 5% and power of 80%. The sample size chosen for 
the study was 20 individuals.

A total of 60 peripheral blood samples required for the study were 
obtained from the 20 healthy volunteers. The age range of the 
subjects included in the study was 18–27 years that comprised 
of 12 males and 8 females. The subjects who were systemically 
healthy, not presently under any medications and who had no 
smoking, alcohol consuming habits were included in the study [7]. 
An informed consent was obtained from all the participants included 
in the study. The study was in accordance with the ethical standards 
of the responsible committee and was approved by the Institutional 
Ethics Committee of the university.

 

ABstrAct
Introduction: Platelet rich plasma (PRP) represents an easily 
acces sible and rich source of autologous growth factors. 
Different manual methods for the preparation of PRP have been 
suggested. Lacuna in knowledge exists about the efficacy of 
PRP preparation by these different manual methods. 

Aims: This study was performed to determine the effects of 
centrifugation rate revolutions per minute (RPM) and time on the 
platelet count and enrichment percentages in the concentrates 
obtained following the three different manual methods of PRP 
preparation.

setting and design: In vitro experimental study.

Materials and Methods: This was an experimental study in 
which platelet concentration was assessed in the PRP prepared 
by three different protocols as suggested by Marx R (method 1), 
Okuda K (method 2) and Landesberg R (method 3). A total of 60 

peripheral blood samples, (n=20 per method) were obtained from 
healthy volunteers. Baseline platelet count was assessed for all 
the subjects following which PRP was prepared. The platelet 
count in the PRP was determined using coulter counter (Sysmex 
XT 2000i).

statistical Method: The mean of the platelet count obtained 
and their enrichment percentage were calculated and intergroup 
comparison was done (Tukey’s HSD test). 

results: The number of platelets and enrichment percentage in 
PRP prepared by method 1 was higher compared to method 2 
and method 3; this difference in platelet concentrates was found 
to be statistically significant (p < 0.05). 

conclusion: The centrifugation rate and time appear to be 
important parameters, which influence the platelet yield. Method 
1 which had lower centrifugation rate and time yielded a greater 
platelet count and enrichment percentage.
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0.129 mol/L sodium citrate (BD vacutainer, BD Franklin Lakes, NJ, 
USA) from each of the 20 study subjects which accounted for a 
total of 60 samples. Baseline platelet counts for all the subjects 
were assessed using the Coulter counter (Sysmex XT 2000i, Kobe, 
Japan).

PrP Preparation
PRP was prepared via a 2 step centrifugation pro cedures following 
the protocols suggested by Marx [6], Landesberg et al., [7] 

and Okuda, et al., [8]. The samples were centrifuged using the 
laboratory centrifuge (Eppendorf 5810 R, Hanau, Germany) at a 
constant temperature of 22°C with different centrifugation rate and 
time. Two spins involved are the separation spin and concentration 
spin. Following the separation spin, the tube contains all the red 
blood corpuscles’s at the bottom, above which the buffy coat layer 
containing the platelets and the white blood corpuscles is present 
and on top is the plasma. All of the plasma and the buffy coat layer 
were transferred to an empty tube using a 1 mL pipette. This portion 
was subjected to the concentration spin. The concentration spin 
resulted in a clump of cells (platelet concentrate) at the bottom of 
the tube. The clear supernatant (platelet poor plasma- PPP) was 
removed with a pipette avoiding disturbance to the underlying 
platelet concentrate. The remnant PRP was introduced into a 
coulter counter for platelet count (Sysmex XT 2000i, Kobe, Japan). 
The above-mentioned procedure [Table/Fig-1] is common for all the 
tested methods with variations only in centrifugation rate and time 
of the two spins. The centrifugation rates and times of the different 
protocols are summarized in [Table/Fig-2]. The mean of Platelet 
counts obtained in each of these methods was calculated and the 
enrichment percentage attained by each of these methods was 
determined as follows: 

 (No. of platelets in Platelet concentrate – 
 No. of platelets in whole blood) 

 x  100 
 Number of platelets in whole blood

stAtIstIcAl AnAlysIs
The mean values and frequency were calculated for the demographic 
variables. Mean values of the platelet number obtained in each of 
the methods were calculated. Data was analysed with statistical 
software SPSS version 11. Comparison of platelets concentration 
at baseline and following centrifugation by different methods was 
done using Tukey’s HSD test. A p-value of <0.05 was considered 
as statistically significant.

results
The demographic data of the study population is summarized in 
[Table/Fig-3]. A total of 60 samples, 20 samples for each method 
were analysed. The mean platelet concentration for each method 
was derived and used for the statistical analysis. Gender distribution 
was not even, however the difference between the number of 

[table/Fig-1]: Flowchart of the PRP preparation methodology

methods
Separation Spin Concentration Spin

Rate (Rpm*) Time (mts†) Rate (Rpm*) Time (mts†)

Method 1 
(Marx et al.,)

 1000 4 800 9

Method 2 
(Okuda et al.,)

2400 10 3600 15

Method 3 
(Landesberg et al.,)

1400 10 1600 10

[table/Fig-2]: Protocol of PRP preparation by three different methods
*rpm- revolutions per minute, †mts – minutes

 Clinical Parameters

AGE
Range (years) 18 – 27 

SEX MALE: 12
FEMALE: 8

OHI (S) SCORE(mean±SD) 0.629± 0.3 

PROBING DEPTH (Mean ± SD) mm 1.286± 0.1 

CAL (Mean±SD) mm 0.00 ± .00 

[table/Fig-3]: Demographic data of the study population

groups
mean Platelet 
Concentration

Percentage of Platelet 
Yielded as Compared to 

the baseline

95% Confidence interval
Significance

p-valueLower Limit upper Limit

WHOLE BLOOD 2.18 x 108 NA - - -

METHOD 1 3.50 x 108 160.26 -205832.9 -57567.02 0.001

METHOD 2 2.60 x 108 119.24 -116182.9 32082.98 .449

METHOD 3 2.74 x 108 125.53 -129932.9 18332.98 .206

INTERGROUP COMPARISON
Mean difference ± SE

METHOD 1 METHOD 2
METHOD 3

89650±282§

75900±283§

[table/Fig-4]: Intergroup comparison of platelet concentrations and enrichment percentages
‡Significantly different from whole blood (p <0.05) 
§Significantly different from method 1 (p <0.05)

Blood sample collection
Peripheral blood samples were collected from the antecubital fossa 
of 20 subjects under aseptic conditions. Three samples of venous 
blood (2 ml each) were drawn in vacutainer containing 0.5 mL of 
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platelet in venous blood of males and females was not statistically 
significant. (p-value = 0.512).

The number of platelets in PRP and enrichment percentage in 
Method 1 was higher than in Method 2 and Method 3 and the 
difference in platelet concentrates was found to be statistically 
significant (p < 0.05) as shown in the [Table/Fig-4].

dIscussIOn
PRP has been used in recent times for management of intrabony 
defect [11], gingival recession [12], as a part of tissue engineering 
protocols [13]. A recent systematic review and meta analysis on the 
usefulness of autologous platelet concentrates on intrabony defect 
management revealed that PRP has a significant additive effect 
when used along with bone grafts for regeneration of intrabony 
defects [14]. This study was carried out to compare the percentage 
of platelet enrichment achieved in three PRP preparation protocols 
suggested by different authors. 

The protocol given by Marx [6] achieved highest platelet yield of 
about 160% above the baseline value. As the centrifugation rate 
and time were increased as observed in methods suggested by 
Landesberg et al., [7] and Okuda et al., [8] the platelet yield reduces 
in a proportional manner. Therefore the results of our study suggest 
a lower centrifugation rate and time provides higher platelet yield. 
These findings are in agreement with the observations of Perez et 
al., [10], wherein the authors also reported lower centrifugation rates 
favored platelet separation and thereby enrichment. The plausible 
reason for the reduction in the platelet count at higher centrifugation 
rate and time would be due to clumping or disintegration of 
platelets. When such disintegration happens prior to PRP activation, 
the growth factors are released in an inactive state that may not 
influence the wound healing process. The enrichment percentage 
upto 160% was observed in our study, as compared to 200-300% 
in the previous studies [3,6]. This can be attributed to the fact that we 
used small volumes of blood (2mL) for each method as compared 
to the previous studies, where they had used 5 to 10mL of blood. 
Although several commercial systems are available such as Harvest 
Smart PReP, Magellan APS system a minimum of 30mL of blood 
is required for most of the chair side methods. The three methods 
tested here are widely used as inexpensive chair side methods of 
PRP preparation involving limited quantity of blood 3- 6mL.

To the best of our knowledge this is the first study comparing the 
platelet enrichment in the PRP using laboratory centrifuge. The 
limitation of this study was that the growth factors release was not 
quantified.

  PaRTiCuLaRS oF ConTRibuToRS:
1. Lecturer, Department of Periodontics, Faculty of Dental Sciences, Sri Ramachandra University, Chennai, India.
2. Associate Professor, Department of Periodontics, Faculty of Dental Sciences, Sri Ramachandra University, Chennai, India.
3. Professor and Head, Department of Periodontics, Faculty of Dental Sciences, Sri Ramachandra University, Chennai, India.

name, aDDReSS, e-maiL iD oF The CoRReSPonDing auThoR:
Dr. Suresh Ranga Rao, 
Professor and Head, Department of Periodontics, Faculty of Dental Sciences, 
Sri Ramachandra University, Chennai 600116, India.
E-mail:    chennaidentist@gmail.com

FinanCiaL oR oTheR ComPeTing inTeReSTS: None.

Date of Submission: aug 30, 2014 
Date of Peer Review: nov 08, 2014 
Date of Acceptance: nov 29, 2014

Date of Publishing: Feb 01, 2015

cOnclusIOn
The centrifugation rate and time appear to be important parameters, 
which influence the platelet yield. This study result provides an insight 
for the clinicians regarding the platelet concentration achieved by 
three different techniques thereby allowing them to choose a better 
and a more reliable method.
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