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Although mechanical stabilisation has been a hallmark of orthopaedic surgical 
management, orthobiologics are now playing an increasing role. Platelet-rich plasma (PRP) 
is a volume of plasma fraction of autologous blood having platelet concentrations above 
baseline. The platelet α granules are rich in growth factors that play an essential role in 
tissue healing, such as transforming growth factor-β, vascular endothelial growth factor, and 
platelet-derived growth factor. PRP is used in various surgical fields to enhance bone and 
soft-tissue healing by placing supraphysiological concentrations of autologous platelets at 
the site of tissue damage. The easily obtainable PRP and its possible beneficial outcome 
hold promise for new regenerative treatment approaches.

The aim of this literature review was to describe the bioactivities of PRP, to elucidate the 
different techniques for PRP preparation, to review animal and human studies, to evaluate 
the evidence regarding the use of PRP in trauma and orthopaedic surgery, to clarify risks, 
and to provide guidance for future research.

The use of platelet-rich plasma (PRP) in tissue
regeneration is a developing area for clini-
cians and researchers and has been employed
in various fields of surgery. Although the
growth factors and mechanisms involved are
still poorly understood, the easy application
of PRP in clinical practice and its possible
beneficial outcome, including bone regenera-
tion, reduction of bleeding and rapid tissue
healing, hold promise.1 An important feature
of PRP is that this autologous product elimi-
nates concerns about immunogenic reactions
and disease transmission.

Allogeneic fibrin glue was originally
described in 19702 and is formed by
polymerising fibrinogen with thrombin and
calcium. In 1990, Gibble and Ness3 intro-
duced autologous fibrin gel (fibrin sealant or
fibrin glue), a biomaterial with haemostatic
and adhesive properties. The addition of
platelets, as a rich source of bioactive fac-
tors, came later4,5 This shifted the focus of
research away from recombinant human
growth factors, which have a short life span
and inefficient local delivery to target cells.
Recombinant factors are expensive, and high
doses may be required to achieve any thera-
peutic effect. Autologous platelet concen-
trates, however, offer an easy, cost-effective
way to obtain high concentrations of growth
factors for tissue healing and regeneration.

The different bioactive factors, which are
released upon platelet activation, include
platelet-derived growth factor (PDGF),
transforming growth factor (TGF), vascular
endothelial growth factor (VEGF), insulin-
like growth factor (IGF) and epidermal
growth factor (EGF). These proteins are
histopromotive factors. They set the stage
for tissue healing which includes cellular
chemotaxis, proliferation and differentia-
tion, removal of tissue debris, angiogenesis,
and the laying down of extracellular
matrix.4,6

The clinical use of PRP for a wide variety
of applications has been described, particu-
larly in periodontal, craniofacial and spinal
surgery. Collectively, these studies provide
strong evidence to support the clinical use of
PRP, but many are anecdotal and few include
controls to definitively define the role of
PRP. There is little consensus regarding the
production and characterisation of PRP,
which has precluded the establishment of the
standards necessary to integrate the exten-
sive relevant literature in basic and clinical
science. This article reviews the published
information on the role of PRP in trauma
and orthopaedic surgery, deals with the dif-
ferent techniques available for its prepara-
tion, and clarifies possible risks related to
its use.
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Methods
We searched several databases, including EMBASE,7

CINAHL8 and MEDLINE,9 as well as reference lists of arti-
cles and contacted their authors. Keywords used included
platelet-rich plasma, platelet concentrates, platelet gel, PRP
preparation, PRP and trauma, PRP and bone, and PRP and
tendon. Only articles published in peer-reviewed journals
that met the following criteria were assessed:

(i)  In vitro studies which had reported on the effect of
PRP on cultures of primary cell lines;

(ii)  In vivo animal studies evaluating the effect of PRP on
regeneration of hard or soft tissue;

(iii)  Clinical articles on treatment with PRP;
(iv)  Outcome studies.
The criteria were applied to titles and abstracts, and

potentially eligible studies were chosen for retrieval. The
reference lists of all eligible articles were reviewed for addi-
tional relevant papers.
The biological properties of PRP. Platelet-rich plasma (PRP),
also known as platelet-enriched plasma (PeRP), platelet-rich
concentrate (PRC), autogenous platelet gel, or platelet releas-
ate, may be defined as the volume of the plasma fraction of
autologous blood having a platelet concentration above base-
line.10 A concentration of 1 407 640 μl (SD 320 100) of plate-
lets in plasma has been suggested to be the working
definition of PRP.11 This is a platelet count five times higher
than that of the blood, which is normally 150 000 μl to
350 000/μl, with an approximate mean of 200 000/μl. PRP
refers to autologous preparations. However, a preparation of
allogenic PRP (aPRP) may serve as an alternative in the case
of patients who refuse to be subjected to a blood drawing
procedure or are not suitable for autologous PRP.12

Platelets are cytoplasmic fragments of megakaryocytes, a
type of white blood cell, and are formed in the marrow.
They are the smallest of the blood cells, round or oval in
shape and approximately 2 μm in diameter. They lack
nuclei but contain organelles and structures such as mito-
chondria, microtubules, and granules (α, δ,  λ). The α gran-
ules, bound by a membrane, are formed during maturation
of the megakaryocytes. They are about 200 nm to 500 nm
in diameter, and number approximately 50 to 80 per
formed platelet.13 They contain more than 30 bioactive
proteins, many of which have a fundamental role in haemo-
stasis or tissue healing. Haemostasis can be considered to
be the first stage of healing.14,15

The properties of PRP are based on the production and
release of multiple growth and differentiation factors when
the platelets are activated. Platelets begin actively secreting
these proteins within ten minutes of clotting,16 with more
than 95% of the pre-synthesised growth factors secreted
within one hour.17 After the initial burst of growth factors,
the platelets synthesise and secrete additional such factors
for the remaining several days of their life span.17 However,
the factors that determine the biological properties of PRP
are unknown, and there is insufficient understanding of the
clinical effects of its application.10 The combined action of

all these growth factors is complex, and each may have a
different effect on a particular tissue. Growth factors may
also interact with each other, activating different sets of sig-
nalling pathways. Different isoforms of growth factors
have varying effects that may enhance or inhibit osseous
and soft-tissue repair, depending on the mode of release of
the factor and the dynamics of the wound environment.15 
Biological activity of PRP. Healing of both soft and hard
tissue is mediated by a complex array of intra- and extra-
cellular events that are regulated by signalling proteins.
This process is incompletely understood. Disruption of the
vascular structure as a result of injury leads to the forma-
tion of fibrin and platelet aggregation. A stable blood clot is
then formed by coagulation of the blood. Subsequently,
several growth factors are released into the injured tissue
from the platelets and other cells that induce and support
healing and tissue formation.15,16 PRP is also activated by
the addition of thrombin and calcium, resulting in the
release of a cascade of growth factors from the α granules17

(Fig. 1). These granules contain numerous proteins that
provide a powerful influence on tissue healing. They
include platelet-derived growth factor (PDGF-αα, ββ and
αβ isomers), transforming growth factor (TGF-β, β1 and
β2 isomers), platelet factor 4 (PF4), interleukin-1 (IL-1),
platelet-derived angiogenesis factor (PDAF), VEGF, epider-
mal growth factor (EGF), platelet-derived endothelial
growth factor (PDEGF), epithelial cell growth factor
(ECGF), insulin-like growth factor (IGF), osteocalcin,
osteonectin, fibrinogen, vitronectin, fibronectin, and
thrombospondin-1.4,10,13,15,16 Collectively, these proteins
are members of the families of growth factors, cytokines
and chemokines. The interaction between these growth fac-
tors and surface receptors on the target cells activates the
intracellular signalling pathways that induce the produc-
tion of proteins needed for the regenerative processes such
as cellular proliferation, matrix formation, osteoid produc-
tion and collagen synthesis.18

PRP also contains proteins such as fibrin, fibronectin,
vitronectin and thrombospondin, which are known to act
as cell adhesion molecules, important for the migration of
osteoblasts, fibroblasts and epithelial cells.18 Adult mesen-
chymal stem cells, osteoblasts, fibroblasts, endothelial cells
and epidermal cells express the cell membrane receptors
that are specific to the growth factors included in PRP.5,14 It
is therefore suggested that the growth factors included in
the platelet concentrates activate several cell types involved
in tissue healing, and thus promote healing of soft tissue
and regeneration of bone.
Growth factors in PRP. The levels of growth factors released
from the platelets upon activation are commonly quantified
by enzyme-linked immunosorbent assay (ELISA).19-21

PDGF was first found in platelets, especially in the α
granules.22 It is also found in other cells, such as mac-
rophages,23 endothelial cells,24 monocytes and fibroblasts,
and in the bone matrix.25 Three isoforms exist: αα, ββ and
αβ isomers.26 The reason for three distinct forms remains
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unclear, but differential binding by various receptor cells
such as endothelium, fibroblasts, macrophages and marrow
stem cells has been suggested.25 The most important specific
activities of PDGF include angiogenesis and macrophage
activation,27 proliferative activity on fibroblasts,28

chemotaxis for fibroblasts and collagen synthesis.29 It also
enhances the proliferation of bone cells.30 Using a freeze-
thaw cycle to release proteins, Weibrich et al11 measured
the levels of PDGF-αβ and PDGF-ββ in specimens of PRP
from 115 patients. The minimum and maximum values
for each typically spanned one to two orders of magni-
tude, with means and SD of 117.5 ng/ml (SD 63.4) and
9.9 ng/ml (SD 7.5), respectively. There was little or no cor-
relation between the levels of these individual proteins,
donor age or gender.

TGF-β has been referred to as a member of a super-
family of growth and differentiation factors, including the
bone morphogenetic proteins.31 TGF-β has three different
isoforms: β1, β2 and β3.32 TGF-β has been observed to
promote the production of extracellular matrix,33 to
enhance the proliferative activity of fibroblasts,28 to stim-
ulate biosynthesis of type I collagen and fibronectin and to
induce deposition of bone matrix.34 TGF-β may inhibit

osteoclast formation and bone resorption, thus favouring
bone formation over resorption.35 The level of TGF-β1 in
PRP is 169.4 ng/ml (SD 84.5) and that of TGF-β2 is 0.4 ng/ml
(SD 0.3), according to Weibrich et al.11

IGF-I is chemotactic for fibroblasts and stimulates
protein synthesis.36 It enhances bone formation by
the proliferation and differentiation of osteoblasts.36-38

Its concentration in PRP is reported to be 84.2 ng/ml
(SD 23.6).11

PDEGF was discovered in 1962.39 It stimulates epider-
mal regeneration, promotes wound healing by stimulat-
ing the proliferation of keratinocytes and dermal
fibroblasts, and enhances the production and effects of
other growth factors.6

PDAF has the capacity to induce vascularisation by stim-
ulating vascular endothelial cells.40 Several cytokines and
growth factors, including IGF-1, TGF-α, TGF-β, PDGF,
PDEGF, and interleukin-1b upregulate PDAF.

PF-4 is also released from the α granules of platelets and
may be partially responsible for the initial influx of neutro-
phils into wounds. It also acts as a chemoattractant for
fibroblasts and promotes blood coagulation by moderating
the effects of heparin-like molecules.41

Fig. 1 

On activation, granules appear to migrate to the periphery of the platelet and leave through platelet plasma membrane blebs, (a) protrusions, (b) rup-
ture of the limiting membrane with loss of electron density (c). 2) Enlarged section shows blebbing of the α granule. 3) SEM picture of an activated
platelet shows a multivesicular bleb at the tip of a pseudopod with another remnant of an α granule lying on the filter16 (reprinted from Thrombosis
Research 45, Polasek J, Richardson M, Moore MA, Blajchman MA. Evidence for an alternative mechanism of human platelet secretion involving periph-
eralization of secretory granules and formation of membrane-assisted multivesicular structures). Copyright 1987, with permission from Elsevier.
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VEGF is a subfamily of a platelet-derived growth fac-
tor family of cystine-knot growth factors. They are
important signalling proteins involved in both vasculo-
genesis and angiogensis, which paves the way for heal-
ing.42 In vitro, VEGF-A has been shown to stimulate
the mitogenesis of endothelial cells and cell migration.
It is also a vasodilator and increases microvascular
permeability.

EGF acts by binding with high affinity to the epidermal
growth factor receptor (EGFR) on the cell surface, trigger-
ing an increase in the expression of certain genes that ulti-
mately lead to DNA synthesis and cell proliferation.43

The effect of platelet concentration on the efficiency of PRP. The
effect of PRP on tissue healing is a function of many vari-
ables, including platelet concentration, the volume of PRP
delivered, the extent and type of injury and the overall med-
ical condition of the patient. A concentration of 1 407 640 μl
(SD 320 100) or (10% of the PRP volume) plasma has been
suggested to be the working definition of PRP.31,44 However,
Anitua et al14 stated that the platelet count of PRP should be
just above 300 000 μl. On the other hand, Choi et al45

showed that high PRP concentrations (> 10%) suppressed,

but that low PRP concentrations (1% to 5%) stimulated,
the viability and proliferation of alveolar bone cells.
Thereby, supporting the view that variations in PRP con-
centrations may lead to variable effect on tissue regenera-
tion. The effect of growth factors produced by platelets is
summarised in Table I.

The concentration of PRP is correlated with the platelet
count in the whole blood from which it is derived and is
related to the gender of the donor although there is no
effect of age.11 The concentration of growth factors also
increases with an increasing number of platelets.20

The method used to measure platelet concentration can
affect the result. The manual counts will record individual
platelets, whereas automated scanning, such as by the
Coulter Counter, may count clumps of platelets as a single
platelet thereby underestimating their number.46 This high-
lights the importance of using consistent methods and
properly interpreting the results of other investigators,
whose methods of counting may differ. Weibrich and
Kleis47 have suggested that different individuals may
require different platelet concentration ratios to achieve a
comparable biological effect.

Table I. The effect of the growth factors produced by platelets, and their average concentrations in platelet-rich plasma (PRP)

Growth factor* Effect PRP concentration (SD)

PDGF Macrophage activation and angiogenesis αβ 117.5 ng/ml (63.4) 
Fibroblast chemotaxis and proliferative activity ββ 9.9 ng/ml (7.5)
Enhances collagen synthesis
Enhances the proliferation of bone cells

TGF-β Enhances the proliferative activity of fibroblasts β1: 169.9 ng/ml (84.5)
Stimulates biosynthesis of type I collagen and fibronectin β2:  0.4 ng/ml (0.3)
Induces deposition of bone matrix
Inhibits osteoclast formation and bone resorption

IGF-I Chemotactic for fibroblasts and stimulates protein synthesis 84.2 ng/ml (23.6)
Enhances bone formation by proliferation and differentiation of osteoblasts

PDEGF Promotes wound healing by stimulating the proliferation of keratinocytes and dermal 
fibroblasts

470 pg/ml (320)

PDAF Induces vascularisation by stimulating vascular endothelial cells

PF-4 Stimulates the initial influx of neutrophils into wounds 0.189 nmol/ml (0.07)
A chemoattractant for fibroblasts
A potent antiheparin agent

EGF Cellular proliferation 51 pmol/l  (5)
Differentiation of epithelial cells

VEGF Angiogenesis 76 to 854 pg/ml
Migration and mitosis of endothelial cells
Creation of blood vessel lumen
Creates fenestrations
Chemotactic for macrophages and granulocytes
Vasodilation (indirectly by release of nitrous oxide)

* PDGF, platelet-derived growth factor; TGF, transforming growth factor; IGF, insulin-like growth factor; PDEGF, platelet-derived
endothelial growth factor; PDAF, platelet-derived angiogenesis factor; PF-4, platelet factor 4; EGF, endothelial growth factor; VEGF,
vascular endothelial growth factor
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Preparation of PRP. This can be prepared in a laboratory, an
operating theatre or a clinic from blood collected in the
immediate period before treatment. A small amount of
autologous PRP can be obtained in minutes. There are three
techniques for preparation: the gravitational platelet seques-
tration (GPS) technique, standard cell separators, and autol-
ogous selective filtration technology (plateletpheresis).

The GPS is a table-top centrifuge system. When anti-
coagulated blood is centrifuged, three layers become evi-
dent. The bottom layer is comprised of red blood cells
(specific gravity = 1.09), the middle of platelets and white
blood cells (buffy coat, specific gravity = 1.06), and the
top of plasma (specific gravity = 1.03). The PRP yield is
approximately 10% of the volume of whole blood drawn.
This system used a flat-bottomed, 60-ml plastic centrifuge
tube. The PRP volume of about 5 ml can be collected fol-
lowing a 12-minute spin at 3200 rpm. With this device,
the red blood cells cannot be collected separately and are
therefore discarded.

Standard cell separators and salvage devices generally
operate on a full unit of blood.48 In general, they use a
continuous-flow centrifuge bowl or a continuous-flow disk
separation technique and both a hard (fast) and a soft
(slow) spin, yielding platelet concentrations from two to
four times baseline.45 Weibrich and Kleis47 described a dis-
continuous technique with a cell separator that produces a
fivefold increase in platelet count. The red blood cells and
some, or all, of the platelet-poor plasma (PPP) can be
returned to the patient to maintain circulating volume.44

Small compact office systems have been developed that
produce approximately 6 ml of PRP from 45 ml to 60 ml of
blood, obviating the need for reinfusion.47,49 These systems
differ widely in their ability to collect and concentrate
platelets, collecting from 30% to 85% of the available
platelets and increasing the platelet concentration between
two- and eightfold.48,49 Some of the units permit the pro-
cessing of two sets of disposables at once, or performing
multiple sequential processes using the same disposable set,
so that multiples of the 6 ml standard volume of PRP can be
produced.

Centrifugation must be sterile and precisely suited to sep-
arating platelets from red blood cells with adequate concen-
trations of platelets.48 Not all currently available
commercial devices may be the same, and some probably
do not concentrate active platelets in sufficient numbers to
enhance healing. This might explain the variability of the
clinical efficacy of PRP. Studies suggesting that there is no
benefit from PRP might be based on a product of poor
quality produced by inadequate devices.5 Several studies
suggest different centrifugation cycles in terms of time and
force.5 The centrifugation force may be a critical step in
preparation of PRP as applied mechanical forces may dam-
age platelets, thereby losing the granular load of the growth
factors. One study evaluated the effect of different centri-
fugal forces and showed that spins > 800 g may reduce the
amount of TGF-β released by the PRP.50

Selective filtration technology or plateletpheresis
depends on a single-use disposable proprietary filter
designed to concentrate platelets from whole blood. The
platelets are captured on the filter and are then harvested to
provide a platelet-rich concentrate (PRC) without the need
for centrifugation. Compared to a commercial centrifuge-
based method, the filtration device produces a blood frac-
tion similarly enriched in platelets and growth factors.51

In general, most systems do not concentrate the plasma
proteins of the coagulation cascade.48 Plasma protein con-
centrations above baseline can be achieved through second-
ary ultrafiltration. The Autologous Growth Factor Filter
(AGF) is a microporous, hollow cellulose fibre device with a
volume of 8 ml which uses as a baseline produce PRP that has
been manufactured by the cell separator device. It filters
water after multiple passes of PRP through the filter. As much
as two-thirds of the aqueous phase is removed by filtration,
and thus the concentrations of the retained plasma proteins
and formed elements are correspondingly increased.52

There are several choices of anticoagulant that can be
used during preparation of PRP. Anticoagulant citrate dex-
trose-A (ACD-A) works well, as the citrate binds calcium
and prevents coagulation, whereas the dextrose and other
ingredients support platelet metabolism and viability. Cit-
rate phosphate dextrose is similar to ACD-A but has fewer
supportive ingredients and may therefore be less effective at
maintaining platelet viability.12 The use of ethylene-
diaminetetra-acetic acid (EDTA) is potentially more harm-
ful in the preparation of PRP, and a large number of
damaged platelets have been observed. Trisodium citrate
solution is an anticoagulant with no negative effects on PRP
preparation,53 and consequently, ACD is the preferred anti-
coagulant.
Handling and application of PRP. Once the PRP is prepared
it is stable in the anticoagulated state for eight hours or lon-
ger, permitting the blood to be drawn before operation and
used as needed during lengthy procedures.10 It must be acti-
vated for the platelets to release the contents of their α gran-
ules, with the clot that forms providing a vehicle to contain
the secreted proteins and maintain their presence at the site
of application. This is most commonly accomplished by
adding a solution of 1000 units of topical bovine thrombin
per millilitre of 10% calcium chloride to the PRP.53 Marx17

described a technique in which 6 ml of PRP, 1 ml of the cal-
cium chloride/thrombin mix and 1 ml of air are introduced
into a 10 ml syringe, with the air acting as a mixing bubble.
The syringe is agitated for six to ten seconds to initiate
clotting, and the clot then delivered. Man, Plosker and
Winland-Brown54 described an alternative technique for
delivering the activated PRP. The PRP and calcium chloride/
thrombin solution are mixed in a 10:1 ratio using a dual
syringe system. The PRP is drawn into a 10 ml syringe and
the activating solution is drawn into a 1 ml syringe. Both
syringe plungers are connected to move in concert with both
output ports connected to a dual spray applicator tip which
allows both solutions to be mixed as they are applied to the
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surgical bed. Because the α granules quickly release their
contents on activation, Marx17 states that the clotted PRP
should be used within ten minutes of clot initiation. This is
not a problem with the dual syringe delivery because the
PRP is delivered to the wound site immediately after activa-
tion. In the case of other mixing techniques, it is important
to transfer the clot to the surgical site before retraction,
otherwise the clot that is transferred may be deficient in the
secretory proteins. Most commercially available prepara-
tion systems have a PRP delivery technique similar to that of
Man et al.54

In vitro and animal studies of PRP. Although platelet con-
centrates have been used to promote bone healing, the
underlying mechanisms at cellular level remain poorly
understood. The effect of PRP on bone cells may not be due
to the action of a single growth factor but to the synergistic
effects of the many such factors derived from platelets.
The addition of PDGF or TGF to cell cultures does not
induce enhanced cell proliferation such as that observed in
the presence of a platelet concentrate.55 Soffer et al56

investigated the effects of human platelet lysate, consisting
of damaged platelets with microparticles of cytoplasmic
and cell membrane and soluble growth factors, on the bone
cells of rat calvaria. Short-term exposure (≤ 24 hours) to
platelet lysate promoted the proliferative and chemotactic
functions of the bone cells, whereas long-term exposure
had a negative effect, resulting in a decrease in alkaline
phosphatase activity and of mineral formation. Another
in vitro study also showed that PRP stimulated cell growth
and differentiation of the cells of rat bone marrow for up
to eight days.19

In vitro studies have confirmed the strong inductive
properties of PRP. Lucarelli et al57 estimated the effect of
PRP on the proliferation of human stem cells and markedly
increased cell numbers with an increase in concentration of
PRP from 1% to 10%. Studies of lysed platelet solutions
showed that they similarly stimulated the proliferation of
human embryonic cells58 and had a mitogenic effect on
bone cells derived from human trabecular and adult rat
bone marrow.59 Thus, platelet-related activity may not be
restricted to intact platelets, because micro-particles of
cytoplasmic and cell membrane produced from activated
platelets may also stimulate human bone cell proliferation.
These findings conflict with the studies of Marx,16,17 who
considered that platelets damaged or rendered non-viable
by PRP processing may not secrete bioactive growth fac-
tors, resulting in disappointing outcomes.

The effect of PRP on regeneration has been studied on
damaged tendon modules.60-63 All three TGF-β isoforms sig-
nificantly increased type I and III collagen production in ten-
don fibroblasts.60 Tendons cultured in 100% PRP showed
enhanced gene expression of the matrix molecules, with no
concomitant increase in the catabolic molecules.61 Moreover,
releases from both PRP and PPP clots stimulate tendon cell
proliferation, in contrast to unclotted PPP.62 In studies of
human tenocyte culture both PRP, and PPP, stimulate cell

proliferation and total collagen production. PRP but not PPP
slightly increases the expression of matrix-degrading
enzymes and endogenous growth factors.63

Although studies of primary cell culture provide the best
platform for elucidating the effects of PRP at a molecular
level, they provide a reductionist paradigm and data should
be interpreted within that context.58

Several animal studies have provided encouraging results
supporting the beneficial effect of PRP on bone healing. The
use of PRP has been observed to improve bone healing in
defects in the rabbit calvaria59,64 and to facilitate the incor-
poration of particulate cancellous bone grafts in mandibular
reconstructions in goats.65

According to Tomoyasu et al,66 PRP and its soluble frac-
tion stimulated osteoblastic differentiation of myoblasts and
osteoblastic cells in the presence of BMP-2, BMP-4, BMP-6
and BMP-7, suggesting that platelets contain not only
growth factors for proliferation but also novel potentiator(s)
for BMP-dependent osteoblastic differentiation. In an animal
model, Torres et al67 found that the local application of PRP
in bone defects enhances healing significantly at four weeks.

The positive effect of PRP on tendon healing has been
established in several studies. In an in vitro study,
Aspenberg and Virchenko68 injected PRP percutaneously
into transected tendo Achillis in the rat. This increased the
strength and stiffness of tendon callus by about 30% after
one week. Mechanical testing indicated an improvement in
maturation of the callus. Kajikawa et al69 showed that PRP
injected locally in the rat patellar tendon increased the acti-
vation of circulation-derived cells and the immuno-
reactivity for types I and III collagen at an early phase of
tendon healing. The osteoinductive effect of PRP on ten-
don-to-bone healing was evaluated on repair of the
infraspinatus in a sheep model using MRI and histological
study.70 The results showed increased formation of new
bone and fibrocartilage at the healing site.

However, others have concluded that there was little or
no benefit from PRP. In an animal study, Aghaloo, Moy and
Freymiller71 grafted defects in the calvarium in rabbits with
autogenous bone, PRP alone, or autogenous bone and PRP.
The controls were not treated. Histomorphometric evalua-
tion showed a tendency for slightly more bone formation
when PRP was combined with autogenous bone than with
bone alone, but this difference was not significant. A study
by Chaput et al72 suggested that PRP is not a major contrib-
uting factor to bone ingrowth at the bone-implant interface
in the distal femur of rabbits.

There is some evidence that PRP has a limited or even a
negative effect in certain delivery media.35 PDGF was
shown to inhibit intramuscular osteoinduction and
chondrogenesis by demineralised bone matrix in immuno-
compromised mice.73 In a similar model by the same
author, PRP reduced the osteoinductivity of demineralised
bone matrix implanted in immunocompromised mice, and
the activities of both demineralised bone matrix and PRP
were donor dependent.74
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This analysis of the animal studies outlines the contro-
versial nature of the use of PRP and the need to establish its
clinical efficacy.
Clinical studies of PRP. In clinical studies, details of the
quantity of PRP used and the methods of application are
procedure specific. Although the majority of these studies
have yielded excellent outcomes, most are only limited case
studies or small series. This evidence of enhancement of
tissue healing by PRP remains largely anecdotal. A small
collection of clinical studies with prospective or retrospec-
tive controls have demonstrated a significant enhancement
of healing of hard and soft tissue with the use of PRP.

One of the first clinical applications was the addition of
autologous fibrin adhesive to cancellous bone during man-
dibular reconstruction. This study, published in 1994,
described radiographic consolidation of bone after four
weeks, as opposed to eight in controls which was attributed
to enhanced osteoconduction given to the osteocompetent
cells in the graft by the fibrin network developed by the
concentrated platelets.75

When the PRP is activated, its advocates suggest that the
benefits include restoration of bone and soft tissue,
improved wound healing and a reduction in post-operative
infection, pain and blood loss.76 There have been numerous
publications on the use of PRP for clinical applications in
periodontal and oral surgery, maxillofacial surgery, plastic
surgery with face lifts and cosmetic dermal fat grafts, spinal
fusion by enhancing graft formation when mixed with
autogenous bone graft, heart bypass surgery, and the treat-
ment of chronic skin and soft-tissue ulcers.76-78

The clinical reports are predominantly case studies or
limited case series. No published level-1 clinical data sup-
porting the use of PRP is available.
Orthopaedic applications. Although in vitro studies have
shown a significant relationship between the application of
PRP and the proliferation of adult mesenchymal stem
cells, the proliferation of fibroblasts and the production of
extracellular matrix,18,57,58,79 its use in trauma and ortho-
paedic procedures still lacks the support of randomised
controlled trials. Further research in basic science and
clinical use is needed to define the treatable musculo-
skeletal conditions, methods of administration and the
ideal patient population.
Tendon. Buffered PRP has been used as an alternative to
surgery in patients with lateral epicondylitis who had not
responded to conservative treatment. In Mishra’s series,80

15 patients showed significant improvement with a single
injection, and this was sustained over time with no reported
complications.

In a case-control study, Sánchez et al81 investigated the
effect of PRP in ruptures of the tendo Achillis in athletes
who underwent open repair. The procedure was under-
taken in conjunction with a preparation rich in growth fac-
tors (PRGF) in six athletes and compared retrospectively
with a matched group who had the conventional surgical
procedure. Those receiving PRGF recovered their range of

movement, showed no wound complications and took less
time to resume training.81

The potential of using PRP in repair of the rotator cuff
was evaluated in a pilot study by Randelli et al.82 After
repair of the tear, 14 patients received intra-operative autol-
ogous PRP combined with an autologous thrombin compo-
nent. They were followed up for 24 months and
demonstrated a significant reduction in their pain score and
significant increases in functional scoring.
Bone. There are few clinical studies examining the role of
PRP in bone healing after orthopaedic trauma.76,83 Most
have been related to the use of PRP in oral and cranial sur-
gery. Currently, it is common to combine the platelet-rich
material with autograft, allograft, demineralised bone
matrix or other graft material to fill bony defects in the
mandible or cranium.84

Lowery, Kulkarni and Pennisi85 administered PRP and
autogenous bone grafts during spinal fusion with good
results, obtaining union in all their patients. Kitoh et al86

used PRP and bone marrow cells (BMCs) during osteo-
genesis distraction in three patients, and observed callus
formation between days 34 and 47 in all patients. This
encouraged them to increase distraction to 1.5 mm per day.
Acceleration of bone formation was observed. The authors
point out that because they used two osteo-inductive mate-
rials, it is very hard to estimate the effect of PRP alone.

In another series, the levels of PDGF and TGF-β were
measured in the fracture haematoma of 24 patients who
had fresh fractures of the foot and ankle. No evidence for
the presence of these proteins was found in seven patients in
whom the fractures failed to unite. After application of the
PRC to the nonunions during revision operations, radio-
graphic union was observed by an average of 8.5 weeks.87

The use of percutaneous injection of autologous platelet-
rich gel as a minimally invasive alternative to open grafting
in the treatment of delayed and nonunion was explored by
Bielecki, Gazdik and Szczepanski.88 Of their cohort of
32 patients, 12 had delayed union and 20 nonunion. Union
was achieved in all cases of delayed union. In the nonunion
group, union was observed in 13 of 20 cases and the aver-
age time to union was 10.3 weeks after injection with PRP.
Healing was only achieved when the average time from the
initial operation to injection with PRP was < 11 months.
Joint arthroplasty. Biological materials used to assist in
haemostasis after total joint replacement have been the sub-
ject of recent research. In a retrospective review of 98 total
knee replacements, 61 had PRP applied intra-operatively to
exposed tissues, synovium and the lining of the wound at
closure. The patients receiving PRP had less post-
operative blood loss, fewer oral and intravenous narcotic
requirements, a greater range of movement at discharge,
and a shorter hospital stay than those who did not have
PRP applied to their wound. This study suggests that
direct application of PRP to the operative site after knee
replacement seals the tissues and delivers platelets directly
to the wound.89
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Another potential application in trauma or total joint
arthroplasty involves the use of PRP at the interface
between the implant and the bone. With the decline in the
use of cement, and the corresponding increased use of
press-fit implants, PRP may promote earlier and more
complete osteo-integration of implants into host bone. In
a randomised controlled trial on 70 patients, Okuda et al90

demonstrated that a combination of PRP and hydroxy-
apatite (HA), compared to HA with saline, led to a signif-
icantly more favourable clinical improvement in intra-
bony periodontal defects. They suggested that porous HA
lacks the cells and growth factors present in bone graft,
but that PRP would potentially diminish this disadvan-
tage. This technique is currently being applied in oral sur-
gery, where implants are placed into extraction sites
augmented with PRP.84

Diabetic fractures. The association between diabetes melli-
tus and impaired bony healing has been documented in
clinical and experimental settings. Several clinical series
have noted that the healing time for diabetic patients is
approximately twice as long as that of non-diabetic
patients.91 In addition, diabetic patients undergoing elec-
tive arthrodesis have a significantly increased incidence of
delayed union, nonunion and pseudarthrosis.92

In a diabetic fracture model study, a significant reduction
in PDGF, TGF-β1, insulin-like growth factor and VEGF
expression was demonstrated in the fracture callus com-
pared to that in non-diabetics.93,94 The application of PRP
restored early cell proliferation during healing to levels
comparable to those in non-diabetic controls. The percuta-
neous injection of PRC normalised early diabetic fracture
callus, but the biomechanical properties were only partially
restored in the late callus.95 These observations are consis-
tent with those seen clinically in 50 diabetic patients with a
Charcot foot who showed improved healing and fewer
complications after ankle fusion when treated with PRP.96

Wound healing. As early as in 1990, autologous human
platelet-derived wound healing factors (HPDWHF) were
proposed to regulate wound healing of recalcitrant skin
ulcers by promoting the formation of granulation tissue in
the early healing phase.97 This conclusion was based on a
study of 23 patients with 27 skin ulcers who had shown no
signs of healing after an average of 25 weeks of conven-
tional wound care. At an average of ten weeks after the
application of HPDWHF 100% healing was achieved. In
2001, Margolis et al97 published a retrospective study
analysing the results in 26 599 patients with diabetic neuro-
pathic foot ulcers who had been treated with an autologous
platelet releasate. The review suggested that platelet releas-
ate provided with standardised care was more effective
than standard care alone.

In another study on 171 patients with 355 wounds, a
78% rate of limb salvage was achieved in those for whom
amputation was initially recommended.98 Fibrin acts as a
scaffold for epithelial migration and, along with the growth
factors, accelerates the development of granulation tissue

and epithelialisation, leading to a less prolonged crusting
phase, less pain and an earlier return to normal activity.
Potential risks of PRP. Because PRP is prepared from autol-
ogous blood it is inherently safe, and any concerns regard-
ing transmission of diseases such as HIV, hepatitis, or
Creutzfeld-Jakob disease, or of immunogenic reactions that
exist with preparations of allograft or xenograft, are elimi-
nated.54 However, the activation of PRP involves using cal-
cium chloride and bovine thrombin preparations, which
contain bovine factor V. The systemic use of bovine throm-
bin in cardiovascular surgery to promote clotting has been
reported to be associated with coagulopathies resulting
from cross-reactivity of anti-bovine factor V antibodies
with human factor V.99,100 The bovine thrombin prepara-
tions used in these cases were of high dose (> 10 000 units)
and were applied directly to open wounds, where absorp-
tion into the systemic circulation is certain. There have been
no similar reports since 1997 owing to the use of highly
purified bovine thrombin. The very small dose of bovine
thrombin (< 200 units) used to activate PRP before applica-
tion will be consumed during clot formation and digested
by macrophages. Hence, bovine thrombin-activated PRP
does not produce anti-factor V antibodies. There are some
alternatives to bovine thrombin. Some authors have noted
that PRP gel can only be formed with the addition of cal-
cium, but this usually takes longer to complete.50,52 An
effective alternative is thrombin receptor agonist peptide
(TRAP), which mimics the effect of thrombin.101

Based on the inconclusive results in the literature, this
review cannot provide solid evidence in favour of the appli-
cation of PRP in trauma and orthopaedic surgery. However,
because the majority of the clinical trials have shown
encouraging outcomes, further controlled clinical trials to
elucidate the beneficial effects of PRP are warranted.

This study was supported by the NIHR Biomedical Research Centre, Oxford. 
No benefits in any form have been received or will be received from a com-

mercial party related directly or indirectly to the subject of this article.
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