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Administration of autologous biologi-
cal substances has gained considerable 
attention for the management of soft 
tissue injuries/conditions.1-3 Substances 
such as autologous blood and blood 
products, including autologous condi-
tion serum, platelet rich in growth fac-
tors, and platelet-rich plasma (PRP), are 
currently being used in clinical settings 
despite limited evidence.4

Over the last 2 decades, there has been 
growing evidence to support the use 
of PRP for soft tissue healing. Several 
studies5-7 reported significantly faster 
healing of chronic ulcers among patients 
treated with PRP gel. Recent meta-anal-
yses8,9 concluded PRP could shorten 
acute wound healing time and length 
of hospital stay as well as have positive 
effects in controlling wound infection. In 
addition, PRP is used for musculoskeletal 
conditions such as lateral epicondylitis 
(tennis elbow), muscle injury, and knee 

osteoarthritis.1-4,10,11 The rationale behind 
PRP use in treatment is the notion that 
growth factors and cytokines liberated 
from platelet granules would augment 
the natural healing process.12-14 Despite 
such belief, PRP use for soft tissue condi-
tions still remains controversial because 
research has demonstrated inconsistency 
in clinical effects following PRP adminis-
tration.10,15-19 These inconsistencies could 
be attributed to lack of standardization 
in PRP treatment protocol, including 
platelet concentration, dosages, timing of 
treatment, frequency of administration, 
mode of delivery (blind vs. ultrasound 
guidance), post administration care, and 
rehabilitation programs. 

The majority of PRP used in previous 
studies10,11,15,16,20 were prepared using 
commercially available systems from 
various pharmaceutical companies. 
The method of PRP preparation varies 
between different systems; accordingly, 

the PRP yield differs in its qualities. 
Moreover, these kits are costly and may 
influence the frequency of PRP adminis-
tration for each participant as well as the 
total number of participants recruited. 
In Malaysia, a commercial PRP system 
costs between RM500 to RM2000 (USD: 
$116.95–$467.80; Euro: €97.85–€391.40; 
based on currency rates as of August 28, 
2017), excluding other hospital/clinic 
charges, and currently is not covered by 
any medical insurance. Hence, devel-
oping a PRP preparation method that 
is simple, safe, and cost effective could 
encourage more research in this area. 
Also, such a technique could potentially 
make PRP treatment accessible to the 
less economically privileged. 

The objective of this study is to 
explore a simple, easy, cost-effective 
method of PRP preparation that is 
practical for clinical use. The quality of 
PRP produced using this method was 
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Introduction. Despite limited clinical evidence, platelet-rich plasma (PRP) is currently used for the treatment of various soft tissue injuries, 
but optimal use of PRP has yet to be determined. In many instances, PRP is prepared using commercial devices that lack standardized 
preparation techniques and consistent quality of the PRP produced. Objective. The aim of this study is to explore a simple, easy, 
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staff at the Sports Medicine Department. The PRP was prepared using a single centrifugation technique. Leukocyte and platelet levels were 
compared with that of a whole blood baseline and a commercial preparation kit. Results. The PRP produced using this technique contained 
significantly higher mean platelet (1725.0 vs. 273.9 x 109/L) and leukocyte (33.6 vs. 7.7 x 109/L) levels compared with whole blood. There was 
no significant difference in the mean platelet and leukocyte levels between the PRP produced in this study and by a commercial PRP 
system. Conclusions. A single-centrifugation protocol using readily available materials in a typical clinical setting could produce PRP of 
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compared with PRP prepared using a 
commercial kit from a previous study 
conducted by the present author.10

MATERIALS AND METHODS
The University of Malaya Medical Cen-
tre (UMMC) Ethics Committee (Kuala 
Lumpur, Federal Territory of Kuala 
Lumpur, Malaysia) approved this study 
(MEC Ref no. 20149-534).

A convenience sampling of post-
graduate students and staffs who were 
working at the Sports Medicine Clinic, 
UMMC, were invited to participate in 
this study. Participants consisted of 
healthy individuals who were free from 
any chronic illnesses and not taking any 
regular medication, including aspirin 
and nonsteroidal anti-inflammatory 
drugs. Prior to recruitment, the study 
objectives and procedures involved 
were explained to participants, and each 
signed an informed consent form. A 
total of 27 individuals who volunteered 
were screened prior to participation. All 
individuals fulfilled the inclusion criteria 
and consented to be included as partici-
pants in this study.

PRP preparation
The PRP preparation technique was 
adapted from previously published 
methods.21-23 Whole blood was drawn 
using a 21 G x 1.9 cm butterfly needle 
(Becton Dickinson & Co, Franklin Lakes, 
NJ) from the participant’s antecubital 
vein into 4 plain 6.0 mL BD Vacutainer 
tubes (Becton Dickinson & Co). Each 
tube was prefilled with 0.6 mL of the 

anticoagulant citrate dextrose solu-
tion-A to prevent collected blood from 
clotting. An additional 2 mL of whole 
blood was collected into an ethylenedi-
aminetetraacetic acid (EDTA) tube to 
acquire baseline whole blood platelets 
and leukocytes (WBC) value. All 4 plain 
tubes were centrifuged at 3200 RPM for 
10 minutes using a table top Horizon 
Model 755VES centrifuge (The Drucker 
Co, Port Matilda, PA; Figure 1). The 
speed and duration of the centrifugation 
process used in this study were based on 
work by previous researchers.21,23,24

After centrifugation, the tubes were 
placed in a test tube rack and allowed 
to rest for 5 minutes to facilitate the 
settling of platelets onto the buffy coat 
(Figure 2). The PRP was collected using 
a needle attached to a 5-mL syringe 
measuring 18 G x 4.5 cm under naked 
eye visualization. With the tube stoppers 
removed, the needle tip was positioned 
so as to just touch the buffy coat. The 
syringe plunger was gently raised to vac-
uum up platelets on the buffy coat, and 
the needle tip was slowly moved along 
the buffy layer (Figure 3). 

A total volume of 0.5 mL to 0.75 mL 
buffy coat was extracted from each tube 
into the collection syringe. A total PRP 
of 2.0 mL to 3.0 mL per participant was 
collected and transferred into an EDTA 
tube for analysis. The amount of plate-
lets and WBCs present in the venous 
blood and the PRP were determined 
using the Sysmex XN-10 and XN-20 
(Sysmex Corporation, Kobe, Japan) 
high-performance automated hematol-

ogy analyzer in the UMMC outpatient 
laboratory. The ratio of platelet levels 
in venous blood to PRP was calculated 
to determine the ability of the current 
method to concentrate platelets.

Statistical analysis 
Data obtained were analyzed using SPSS 
software for Mac (Version 22; IBM Corp, 
Armonk, NY). Descriptive analysis of par-
ticipants’ characteristics was performed. 
Continuous variables were reported using 
mean and standard deviation (SD) or 
median and interquartile range (IQR), 
depending on data distribution based on 
Shapiro-Wilk test of normality. Categor-
ical data were presented as frequencies 
and percentages. Paired sample t test or 
its nonparametric equivalence test were 
performed to determine the differences 
in platelet and WBC content between the 
whole blood and PRP produced by the 
technique used herein.

In addition, platelet and WBC content 
produced using the current method 
were compared with those produced 
using GPS III Platelet Separation System 
(Biomet Inc, Warsaw, IN) from a pre-
vious study.10 For all analyses, a value 
of P < .05 was considered statistically 
significant.

RESULTS
Twenty-seven participants (15 men; 12 
women) with a median age of 33.0 ± 12 
(IQR) years volunteered in this study. 
The mean baseline platelet and WBC 
counts present in the whole blood were 
273.9 ± 55.4 (SD) x 109/L and 7.7 ± 2.4 

Figure 1. Tubes centrifuged at 3200 RPM for 10 
minutes. Figure 3. Gentle aspiration of buffy coat.Figure 2. Tubes allowed to rest for 5 minutes. 
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(IQR) x 109/L, respectively. There was no 
significant difference between the mean 
age, platelet, and WBC values between 
gender (Table 1). The mean number of 
platelets in the PRPs prepared with the 
current technique was 1725.0 ± 773.8 (SD) 
x 109/L, and the mean number of WBCs 
was 33.6 ± 15.1 (SD) x 109/L. The current 
PRP preparation technique contained a 
significantly higher (6x) number of plate-
lets compared with whole blood (t[26] 
= -10.46; P < .001). Further, Wilcoxon 
signed-rank test also demonstrated a 

significantly higher (4x) number of WBCs 
present in the PRP (Z = -4.4; P < .001). 

No significant difference in the mean 
number of platelet and WBC contents 
between the current method of PRP 
preparation and commercially produced 
PRP (Table 2) was found. The PRP 
produced in this study was classified as 
P4-x-A according to the Platelets, Activa-
tion, White cells classification system.25

All preparation processes were per-
formed in the Sports Medicine Clinic, 
UMMC, and took approximately 25 to 30 

minutes from blood drawing to final PRP 
production. The total cost of consum-
ables for the entire process was < MYR 
30.00 (USD: $7.02; Table 3) and inex-
pensive compared with commercial PRP 
systems available in Malaysia (Table 4). 

DISCUSSION
The use of autologous PRP for soft 
tissue injuries/diseases remains contro-
versial with contradictory clinical re-
sponses. These inconsistencies could be 
partially explained by differences in the 
method used to prepare PRP by previous 
researchers.10,16,17,20,26,27 In many instances, 
researchers used commercially available 
PRP systems that differ in preparation 
protocol as well as quality (platelet and 
WBC content) of the PRP produced.25 
Also, these kits are expensive, with costs 
reported to be between USD $175.00 
to USD $1550.00.28 It is possible that 
such high prices may limit the number 
of participants recruited, thus affect-
ing study outcomes.3,10,15 Developing a 
standardized, simple, more cost-effec-
tive technique of PRP production might 
encourage more clinical studies on PRP 
effects for soft tissue injuries/diseases. 

Several methods of PRP protocol 
have been described in the literature, 
including centrifugation and apheresis 
techniques.25 Although an apheresis 
technique has high repeatability and 
yields consistently higher platelet con-
centration with a lower risk of contam-
ination, it is costly and impractical for 
outpatient clinical settings as it requires 
specialized equipment.29

Despite the ability to produce signifi-
cantly higher amounts of platelets, the 
double centrifugation technique was 
questioned because of potential alter-
ations in platelet morphology, which 
might affect functions. In addition, the 
double centrifugation technique is more 
sensitive to processing errors and carries 
a higher risk of contamination from the 
repeated handling of blood products.30,31

The present study demonstrated 
that a single centrifugation technique 
using convenient, inexpensive, readily 
available consumables (vacutainers, 

Table 1. Platelets and leukocytes (WBC) levels  
among participants

 MALE  
(n=15)

FEMALE  
(n=12) T/Za SCORE P VALUE

Age (Median ± IQR) 30.5±9.8 34.0±13.0 -1.62a .106

Platelets (x109/L) 

   Whole blood (Mean ± SD) 260±53.4 291.6±55.1 -1.37 .183

   PRP (Mean ± SD) 1638.9±783.4 1834.6±784.7 -0.78 .444

WBC (x109/L) 

   Whole blood (Mean ± SD) 7.7±1.9 7.3±2.0 0.01 .991

   PRP (Median ± IQR) 38.3±31.2 27.2±16.0 -0.87a .381

WBC: white blood cells (leukocytes); IQR: interquartile range; SD: standard deviation; 
PRP: platelet-rich plasma
a Mann-Whitney U test

Table 2. PRP contents comparison with  
commercial preparation kit

 CURRENT 
METHOD

COMMERCIAL 
METHODa

t/Zb 
SCORE P VALUE

Whole blood (x109/L)

  Platelet (Mean ± SD) 286.0±73.0 234.0±57.5 -1.73 .083

  WBC (Median ± IQR) 7.5±1.8 7.3±1.3 -0.33b .745

PRP (x109/L)

  Platelet (Mean ± SD) 1725.0±773.8 1324.0±340.7 1.98 .055

  WBC (Median ± IQR) 33.6±30.1 37.2±19.8 -0.90b .368

PRP: platelet-rich plasma; IQR: interquartile range; SD: standard deviation; WBC: white 
blood cells (leukocytes)
a Biomet GPS III (Zimmer, Warsaw, IN)
b Mann-Whitney U test
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needles, and syringes) could produce 
PRP of comparable quality to that 
produced using a commercial system. A 
mean platelet count 6 times higher than 
baseline (mean platelet count of 1725.04 
x 109/L) was achieved using the tech-
nique herein.  

The PRP content (platelets and 
WBCs) in this study was comparable to 
that observed by previous authors10,15,17,26 

and well within the therapeutic level 
previously reported.25,31 Also, a mean 
platelet count of 874.2 x 109/L to 1369.0 
x 109/L in PRP was reported in studies 
using similar single-spin centrifugation 
techniques.21,22

LIMITATIONS
Several limitations of this study need to 
be considered. The sample size (27 sub-
jects), though consistent with another 
study,22 may have impacted study results. 
Lack of growth factor concentration 
analyses may have limited the investiga-
tor’s ability to demonstrate the magni-
tude of increase in growth factor (GF) 
concentration in the PRP. However, it is 
reasonable to assume there was a higher 
GF level present in the PRP because the 
majority of the GFs are stored within the 
alpha and dense granules in the platelet 
cytoplasm.

CONCLUSIONS
This study demonstrated it is possible 
to produce PRP in the clinical practice 
setting. Platelet-rich plasma with quality 
comparable to that of commercially 
available kits can be prepared using 
components (consumables) readily 
available in most clinics, hospitals, and 
pharmacies. 

acknowledgments

The author thanks the University of Malaya and 
UMMC for their support in conducting this study. 

Affiliation: University of Malaya Faculty of 
Medicine, Kuala Lumpur, Federal Territory of Kuala 
Lumpur, Malaysia

Correspondence: Mohamad Shariff A. Hamid, 
MBBS, MSportMed, PhD, Unit of Sports Medicine, 
Faculty of Medicine, University of Malaya, 50603 
Kuala Lumpur, Malaysia; ayip@um.edu.my

Disclosure: The author discloses no financial or 
other conflicts of interest.

references
1. Mishra AK, Skrepnik NV, Edwards SG, et al. 

Platelet-rich plasma significantly improves 

clinical outcomes in patients with chronic 

tennis elbow: a double-blind, prospective, 

multicenter, controlled trial of 230 patients 

[published online ahead of print July 3, 2013]. 

Am J Sports Med. 2013;42(2):463–471.

2. Gobbi G, Vitale M. Platelet-rich plasma 

preparations for biological therapy: appli-

cations and limits. Oper Techniq Orthop. 

2012;22(1):10–15. 

3. Wright-Carpenter T, Opolon P, Appell HJ, 

Mirijer H, Wehling P, Mir LM. Treatment of 

muscle injuries by local administration of 

autologous conditioned serum: animal exper-

iments using a muscle contusion model. Int J 

Sports Med. 2004;25(8):582–587. 

4. Engebretsen L, Schamasch P. The use of 

platelet-rich plasma in sports medicine–the 

International Olympic Committee opinion. 

Oper Tech Orthop. 2012;22(1):43–48. 

5. Driver VR, Hanft J, Fylling CP, Beriou JM; 

Autologel Diabetic Foot Ulcer Study Group. 

A prospective, randomized, controlled trial 

of autologous platelet-rich plasma gel for 

the treatment of diabetic foot ulcers. Ostomy 

Table 3. Total costs of consumables used for PRP preparation

ITEM PRICE PER UNIT/
ML SOLUTION

NO. OF ITEMS 
USED

COST  
(USD; $)

Butterfly needle 7.10 1 unit 7.10

Plain vacutainer bottle 1.44 4 bottles 5.76

EDTA vacutainer bottle 1.76 1 bottle 1.76

ACDA solution 1.73 2.4mL 4.14

10mL syringe 1.22 2 units 2.44

18G x 4.5cm needle 7.82 1 unit 7.82

 Total cost 29.02

PRP: platelet-rich plasma; EDTA: ethylenediaminetetraacetic acid; ACDA: anticoagulant 
citrate dextrose solution-A 

Table 4. Price, time of preparation, and platelet concentration 
factors of several PRP kits in Malaysia

PRP KIT PRICE (RM) PREPARATION 
TIME (MIN)

PLATELET CONCENTRA-
TION FACTOR

Product 1 (60mL)a 1600.00 15 3.2

Product 2 (60mL)b 1512.00 15 4.9

Product 3 (30mL)c 480.00 15 5.4 – 6.0

Product 4 (20mL)d 400.00 20 N/A
PRP: platelet-rich plasma; RM: ringgit (Malaysia)
a Biomet System GPS III (Zimmer Biomet, Warsaw, IN; www.biomet.com) 
b SmartPrep 2 System (Harvest Technologies, Lakewood, CO; www.harvesttech.com)
c TriCell Documentation (REV-MED International, Munich, Germany; www.revmedinc.com)
d Dr.PRP Separation Kit (Rmedica, Geumcheon-Gu, Korea; www.rmedica.com)

DO N
OT D

UPLIC
ATE



July 2018 | vol. 30, no. 7190

Cost Effectiveness of Platelet-rich Plasma

Wound Manage. 2006;52(6):68–70,72,74. 

6. Mohammadi R, Mehrtash M, Mehrtash 

M, Hassani N, Hassanpour A. Effect of 

platelet rich plasma combined with chitosan 

biodegradable film on full-thickness wound 

healing in rat model. Bull Emerg Trauma. 

2016;4(1):29–37. 

7. Suthar M, Gupta S, Bukhari S, Ponemone 

V. Treatment of chronic non-healing ulcers 

using autologous platelet rich plasma: a case 

series. J Biomed Sci. 2017;2(1):16. 

8. Villela DL, Santos VL. Evidence on the use of 

platelet-rich plasma for diabetic ulcer: a sys-

tematic review. Growth Factors. 2010;28(2):

 111–116.

9. Wang L, Gu Z, Gao C. Platelet-rich plasma 

for treating acute wounds: a meta-analy-

sis [in Chinese]. Zhonghua Yi Xue Za Zhi. 

2014;94(28):2169–2174. 

10. Hamid MSA, Mohamed Ali MR, Yusof A, 

George J, Lee LP. Platelet-rich plasma injec-

tions for the treatment of hamstring injuries: 

a randomized controlled trial [published 

online ahead of print July 29, 2014]. Am J 

Sports Med. 2014;42(10):2410–2418. 

11. Gobbi A, Karnatzikos G, Mahajan V, Malchira 

S. Platelet-rich plasma treatment in symp-

tomatic patients with knee osteoarthritis: 

preliminary results in a group of active 

patients. Sports Health. 2012;4(2):162–172. 

12. Anitua E, Andía I, Sánchez M, et al. Autol-

ogous preparations rich in growth factors 

promote proliferation and induce VEGF and 

HGF production by human tendon cells in 

culture. J Orthop Res. 2005;23(2):281–286. 

13. Andía I, Sánchez M, Maffulli N. Basic science: 

molecular and biological aspects of plate-

let-rich plasma therapies. Oper Tech Orthop. 

2012;22(1):3–9. 

14. Nguyen RT, Borg-Stein J, McInnis K. Applica-

tions of platelet-rich plasma in musculoskel-

etal and sports medicine: an evidence-based 

approach. PM R. 2011;3(3):226–250. 

15. Rettig AC, Meyer S, Bhadra AK. Platelet-rich 

plasma in addition to rehabilitation for acute 

hamstring injuries in NFL players: clinical 

effects and time to return to play. Orthop J 

Sports Med. 2013;1(1):2325967113494354.

16. Gaweda K, Tarczynska M, Krzyzanowski 

W. Treatment of Achilles tendinopathy 

with platelet-rich plasma. Int J Sports Med. 

2010;31(8):577–583. 

17. de Vos RJ, Weir A, van Schie HTM, et al. 

Platelet-rich plasma injection for chronic 

Achilles tendinopathy: a randomized con-

trolled trial. JAMA. 2010;303(2):144–149. 

18. Kon E, Buda R, Filardo G, et al. Platelet-rich 

plasma: intra-articular knee injections 

produced favorable results on degenerative 

cartilage lesions [published online ahead 

of print October 17, 2009]. Knee Surg Sports 

Traumatol Arthrosc. 2010;18(4):472–479. 

19. Filardo G, Kon E, Pereira Ruíz MT, et al. 

Platelet-rich plasma intra-articular injections 

for cartilage degeneration and osteoarthri-

tis: single-versus double-spinning approach 

[published online ahead of print December 

28, 2011]. Knee Surg Sports Traumatol Ar-

throsc. 2012;20(10):2082–2091.

20. Creaney L, Wallace A, Curtis M, Connell 

D. Growth factor-based therapies provide 

additional benefit beyond physical therapy in 

resistant elbow tendinopathy: a prospective, 

single-blind, randomised trial of autolo-

gous blood injections versus platelet-rich 

plasma injections [published online ahead 

of print March 15, 2011]. Br J Sports Med. 

2011;45(12):966–971. 

21. Peterson NS, Reeves KD. Efficacy of one day 

training in low-cost manual preparation of 

high cellular platelet rich plasma. J Prolother-

apy. 2014;6:e922–e927.

22. Eby BW. Platelet-rich plasma: harvesting 

with a single-spin centrifuge. J Oral Implan-

tol. 2002;28(6):297–301. 

23. Rutkowski JL, Thomas JM, Bering CL, et al. 

Analysis of a rapid, simple, and inexpensive 

technique used to obtain platelet-rich plasma 

for use in clinical practice. J Oral Implantol. 

2008;34(1):25–33. 

24. Nagata MJH, Messora MR, Furlaneto FAC, et 

al. Effectiveness of two methods for prepa-

ration of autologous platelet-rich plasma: an 

experimental study in rabbits. Eur J Dent. 

2010;4(4):395–402.

25. DeLong JM, Russell RP, Mazzocca AD. 

Platelet-rich plasma: the PAW Classification 

System. Arthroscopy. 2012;28(7):998–1009. 

26. Thanasas C, Papadimitriou G, Charalambidis 

C, Paraskevopoulos I, Papanikolaou A. 

Platelet-rich plasma versus autologous whole 

blood for the treatment of chronic lateral 

elbow epicondylitis: a randomized controlled 

clinical trial [published online ahead of 

print August 2, 2011]. Am J Sports Med. 

2011;39(10):2130–2134. 

27. Akhundov K, Pietramaggiori G, Waselle L, et 

al. Development of a cost-effective method 

for platelet-rich plasma (PRP) preparation 

for topical wound healing. Ann Burns Fire 

Disasters. 2012;25(4):207–213. 

28. Schnabel LV, Mohammed HO, Miller BJ, 

et al. Platelet rich plasma (PRP) enhances 

anabolic gene expression patterns in flexor 

digitorum superficialis tendons. J Orthop Res. 

2007;25(2):230–240. 

29. Tamimi FM, Montalvo S, Tresguerres I, 

Blanco Jerez L. A comparative study of  2 

methods for obtaining platelet-rich plasma. J 

Oral Maxillofac Surg. 2007;65(6):1084–1093. 

30. Weibrich G, Hansen T, Kleis W, Buch R, 

Hitzler WE. Effect of platelet concentration 

in platelet-rich plasma on peri-implant bone 

regeneration. Bone. 2004;34(4):665–671. 

31. Hamilton BH, Best TM. Platelet-enriched 

plasma and muscle strain injuries: challenges 

imposed by the burden of proof. Clin J Sport 

Med. 2011;21(1):31–36. 

DO N
OT D

UPLIC
ATE




