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Introduction 

Platelet-rich plasma (PRP) is a biological product obtained 
from autologous peripheral blood after centrifugation. It has 
little immune rejection reaction to itself and contains a large 
number of proteins, such as platelet-derived growth factor 
(PDGF), transforming growth factor-β (TGF-β), insulin-
like growth factor (IGF), vascular endothelial growth 

factor (VEGF), and epidermal growth factor (EGF). These 
growth factors have the advantage of acceleration of bone 
marrow mesenchymal stem cells (BMMCs) differentiation 
and osteoblasts and fibroblasts proliferation. Based on 
the advantage of PRP, it has been brought into focus in 
the field of degenerative disc diseases (IDD) experimental 
researches, especially in terms of degenerative disc repairing 
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and bone fusion. Some of the research findings have been 
applied to clinical treatments. In this paper, we mainly 
raised four questions. What is the history of PRP? What 
is the molecular mechanism of PRP? What is the clinical 
application of PRP? And what are the limitations of PRP 
and the possible prospect of PRP?

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-2223).

Methods

Search Strategy for PRP. Original English studies published 
between January 1983 and June 2020 were searched. The 
electronic databases used for the search were PubMed, 
EMBASE, Web of Science, the Cochrane Library, EBSCO 
(CINAHL), Spine journal, BMC, NCBI, Oxford Academic, 
Science Direct. There were no language restrictions. We 
conducted a broad search using the following keywords 
or text words: “PRP”, “History of PRP”, “PRP devices”, 
“Molecular mechanism of PRP”, “Clinical application of 
PRP”, and “Limitations of PRP”. We also searched for the 
following medical subject headings: “PRP”.

History of PRP

PRP was first developed by hematologists in the 1970s 
as a blood transfusion product for the treatment of 
thrombocytopenia (1). In the 1980s, PRP began to be used 
in maxillofacial surgery due to its positive advantages on 
anti-inflammatory and cell proliferation (2). Later on, PRP 
was primarily applied in the musculoskeletal area of sports 
injuries. The application of PRP has been reported in the 
rehabilitation among athletes (3). Furthermore, PRP is also 
used in cardiac, pediatric, gynecology, urology, orthopedic 
surgery, ophthalmology, and other fields (4). Since the last 
decade, PRP has also been widely used in dermatology, 
especially in tissue reproduction, wound-healing, skin 
regeneration, and hair loss (5-11). PRP was first identified in 
2006 as a feasible new treatment for hair loss (12). In recent 
years, PRP has also been used to treat orthopedic diseases, 
such as arthritis, and promoting bone fusion (13,14).

PRP preparation

There are many ways to make PRP, different centrifugal 
times, centrifugal force, and centrifugal time, PRP produced 
are different. In addition, the platelet recovery and 

activation rate in PRP can also be affected by factors such 
as different length of axis, different diameter and length of 
the centrifuge tube, the material of centrifuge tube (glass or 
plastic), and even different body positions or blood drawing 
at different times of the day. At present, there is commercial 
equipment to make PRP on the market. The concentrations 
of platelets, white blood cells, and growth factors are all 
different in the PRP produced. Since the concentration of 
growth factor and white blood cells can significantly affect 
the effect of PRP, the concentration of PRP components 
produced by the machine is relatively stable, compared with 
manual production. The key tricky of PRP preparation is 
to use twice centrifugation method. After the first slow and 
short centrifugation, the red blood cells (RBCs) with the 
largest sedimentation coefficient are discarded. Then, with 
the second high-speed and long centrifugation platelet is 
collected as many as possible. To obtain a better efficiency 
of platelet collection, it is necessary to develop a matching 
centrifuge method, rather than the centrifugal force and 
centrifuge time reported in the literature (15). 

At  the same t ime,  there i s  a  s tudy focused on 
centrifugation times. This study indicated that PRP prepared 
by the Landesberg method has high platelet concentration 
and low activation rate (16). Thus, we recommend that 
the preparation of PRP should follow the centrifugation 
method two times, and centrifuge the RBCs with the largest 
sedimentation coefficient to the bottom of the tube for the 
first time, and then remove the RBCs; the second-high speed 
long centrifugation is designed to collect as many platelets 
from the serum as possible to the bottom of the tube. 

Simultaneously, there are several studies on platelet 
concentrations. Three different PRP separation methods 
were used: a single-spin process yielding a lower platelet 
concentration (PRPLP), a single-spin process yielding high 
platelet and white blood cell concentrations (PRPHP), and 
a double-spin that produces a higher platelet concentration 
and lower white blood cell concentration (PRPDS). As the 
result, the “more is better” theory using higher platelet 
concentrations does not work (17). And in another study, 
indicated that after PRP extraction, the platelet count 
should be more than 4 times higher than that of whole 
blood. Studies have shown that 4–5 times of platelet 
concentration can effectively promote bone and soft tissue 
repair, higher concentration does not show better repair 
effect, and more than 4 times of concentration can be 
obtained manually, without the need for special preparation 
instruments (18).

At present, there is no unified preparation standard for 
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PRP, and the platelet collection rate of different preparation 
systems is different due to the great differences in various 
PRP collection and preparation processes. Usually, will 
collect whole blood with anticoagulant factors (such as 
sodium citrate, dextran and ethylenediamine tetraacetic 
acid) hybrid, and centrifugal separation of RBC, poor 
plasma (PPP), and contains concentrated platelet “blood 
sedimentation layer” buffy, remove the RBC and the PPP 
layer, further separation of platelet concentrate layer. PRP 
can be injected directly into the affected area or “activated” 
by adding calcium chloride or thrombin, which degranulates 
the activated platelets and releases growth factors and 
differentiation factors. After activation, about 70% of stored 
growth factors were released within 10min, and almost 
100% were released within 1 h. The remaining few growth 
factors were released within 8–10 d of platelet survival (19).

Molecular mechanism of PRP

PRP has seven basic proteins: PDGF, TGF-β, VEGF, 
EGF, hepatocyte growth factor (HGF), fibroblast growth 
factor (FGF), and IGF-1 (20). PDGF is a glycoprotein 
produced from platelet degranulation beside the injury. 
It can activate the membrane receptor on the target cell 
and form a high-energy phosphate bond, thus activating 
the signaling protein to activate the particular activity of 
the target cell, including mitogenesis, angiogenesis, and 
macrophage activation. TGF-β is produced by platelets 
and macrophages and serves as an anti-proliferation 
factor in natural epithelial cells. Fibroblasts, marrow stem 
cells, and pre-osteoblasts are the target cells for TGF-β. 
VEGF is a signaling protein secreted by cells and activates  
angiogenesis (21). EGF activates the growth, proliferation, 
and variation of the cells through binding to the receptor 
EGFR (22-25).

In the local environment, the presence of bioactive 
molecules in PRP promotes 4 major roles. They are 
proliferation, migration, cell  differentiation, and 
angiogenesis. Dermal papilla (DP) cells produce growth 
factors, such as IGF-1, FGF-7, HGF, and VEGF, which 
are in charge of keeping hair follicles during the growth 
period of the hair cycle (26). EGF and TGF are related to 
managing the growth and differentiation of dilated cells, 
and PGF is possibly associated with the function of the 
uplift and the interaction of related tissues from the follicle 
morphogenesis. PRP can increase angiogenesis, block 
apoptosis, and extend the time of the growth period (25) 
(Figure 1).

Clinical application 

As a source of growth factors for many treatments, PRP has 
become an important clinical therapy. One of the greatest 
advantages of PRP is that it arrives to the injured area 
directly. PRP also helps regenerate damaged or worn tissue, 
reducing back pain and increasing spinal function (27,28).

Chronic knee and joint pain are one of the most common 
ailments in adults. These injuries include osteoarthritis, 
tendon strain, rotator cuff injury, plantar fasciitis, sports 
hernia, cartilage injury of the knee joint, sports injury, 
etc. PRP has been shown to help promote the growth of 
cells responsible for making new tissue in damaged areas, 
whether or not they can make new tendons, muscles, 
cartilage, and connective tissue. PRP also helps tissues 
heal more effectively, making them stronger, thicker, and 
healthier. This is particularly useful for cartilage damage, 
such as osteoarthritis, because it can help treat the root of 
the problem by stimulating new cartilage growth, which is 
often difficult. After all, blood vessels are in short supply 
(29-31).

In a total knee replacement, PRP was applied to the 
wound surface, synovial membrane, and wound surface, and 
inflammation and blood loss were significantly reduced (32). 
In a variety of cosmetic surgery, the clinical observation of 
facial edema significantly reduced (33).

Infections of sternal wounds after heart surgery are 
common, and in some cases, can lead to death. PRP 
injections have been shown to improve the healing process 
and reduce the risk of infection. Excessive bleeding 
can sometimes occur during heart surgery. As a result, 
some patients need blood transfusions during surgery. 
The application of PRP in these procedures reduces the 
total amount of homologous blood a patient needs for 
transfusion. The use of PRP could also reduce the number 
of patients requiring additional blood transfusions (34).

Back pain is one of the biggest medical problems, and 
PRP injections may be a viable solution. Disc degeneration 
occurs when the discs between each vertebra in the spine 
begin to wear out, harden, and lose their ability to cope 
with stress. This can lead to other problems, such as a 
herniated disc or nerve compression, or injury. PRP helps 
prevent fluid leakage by closing cracks in the tissue and 
healing them, thereby helping to suppress the process of 
disc degeneration. 

Li et al. conducted animal studies to show that PRP 
can promote osteoarthritis cartilage repair in rabbits (35). 
Wang et al. established 30 rabbits model of arthritis and 
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Figure 1 The main functions of platelet-rich plasma (PRP).

verified the effect of PRP on promoting cartilage repair 
and inhibiting MMP13 (36). Siclari et al. reviewed the 
52 cases under the arthroscope knee joint Pridie drilling 
postoperative patients, 9 months after injection of PRP 
follow-up found that patients with histological assessment 
shows homogeneous transparent cartilage repair tissue, 
including the four years of follow-up, in patients with  
21 cartilage repair, 20 patients proved that PRP cartilage 
repair patients with continuous improvement (37).

The use of enhanced bone and soft tissue regeneration 
with the application of PRP is suitable for enhancing 
the relationship between alveolar ridge contours, for 
desired bridge and mastoid aesthetic fixations, for healthy 
periodontal attachment of alveolar ridge complexes, and 
placement of bone implants (38,39). Simultaneously, 

PRP is applied to alveolar ridge repair, oral/nasal fistula 
repair, postoperative hemostasis in the bone graft donor 
area, continuous defect of the mandible, and surgical  
hemophilia (40). In sports medicine, PRP is also widely used 
to recover injured ligaments and tendons without surgery.

Limitations and prospects

Although PRP has many theoretical functions and certain 
clinical application value, PRP is not used as a major 
treatment in practice. Currently, PRP is mainly used for 
cosmetic or dental treatment. At present, the controversy 
or disadvantage of PRP mainly lies in the two aspects of 
infection and abuse (41).

PRP’s technology mainly uses platelets for action, which 
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requires high requirements for blood separation technology 
and a sterile environment. The preparation of PRP must 
be carried out safely by certified perfusionists or other 
health care professionals who should be trained in suitable 
aseptic filtration and transfusion techniques that meet safety 
requirements. In many institutions without conditions 
and qualifications, beauty salons have bought test tubes, 
centrifuges have carried out PRP therapy. There’s a lot of 
insecurity involved, like is the environment sterile? Are 
there any other substances added to it? Is the operator a 
medical worker? Many of the devices and operations are 
experimental and cannot be used medically. Can active 
ingredients be extracted? Can the informal sector tell if 
you’re a good fit for PRP therapy? (42).

PRP extraction and injection processes sometimes 
require second centrifugation. It can be seen from this 
process that the degree of manual operation is very high. 
If the PRP is extracted carelessly in this process, it will be 
contaminated. If injected into the human body, it may cause 
infection. If it is a normal operation, to ensure that it is not 
contaminated, in theory, is safe.

At the same time, whether the problem of centrifugation 
or extraction will affect the effect of PRP therapy. Is the 
PRP concentration from the centrifuge high enough, what 
is its quality, and are platelets destroyed? What we use is 
a thin layer of blood, and if you take it manually with a 
needle, is it the plasma, or is it the PRP underneath? It's 
hard to control. So, some people think that the effect is 
average, although there is no negative effect, really just 
average. Only when the concentration is high and the 
amount is sufficient, can the theoretical effect be expected. 
Standard sterile operating room and laboratory are the 
safest premise for PRP extraction (43-45).

Although PRP has been in use for a long time, there is 
still confusion over how to define, classify, and describe the 
different variants of platelet concentrate. In addition to the 
lack of accurate characterization of the products under test 
in most articles on the subject, there are wide variations in 
reporting protocols for the standardization and preparation 
of PRP. In addition, the high cost of PRP kits, which 
are commercially available, prevents their use in a larger 
population (46). In the future, our goal should be to find a 
safe, simple, and standardized PRP preparation protocol, and 
to follow this protocol to obtain the best stable platelet yield.

Conclusions

PRP is a biological product obtained from autologous 

peripheral blood after centrifugation. PRP can be prepared 
using standard blood bank technology or instant care 
devices, including blood cell preservation/separator or 
desktop devices. PRP has seven basic proteins: PDGF, 
TGF-β, VEGF, EGF, HGF, FGF, and IGF-1. PRP, as a 
source of growth factors for many treatments, has become 
an important clinical therapy. Although PRP has many 
theoretical functions and certain clinical application value, 
PRP is not used as a major treatment in practice. At present, 
the controversy or disadvantage of PRP mainly lies in the 
two aspects of infection and abuse. There are some disputes 
on the safety of PRP’s use, so the practical application 
of PRP is not common, especially in spinal diseases. At 
present, there is no unified preparation standard for PRP, 
in the future, our goal should be to find a safe, simple, and 
standardized PRP preparation protocol, and to follow this 
protocol to obtain the best stable platelet yield. We hope 
that this review serves as a basis for further research on the 
use of PRP and more and more researchers can pay more 
attention to the safety concerns of PRP and find a safer 
preparation.
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