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Strategies to reduce blood loss and transfusion of allogeneic blood products
during surgery and following trauma are important in modern medicine. The
risks of using allogeneic blood transfusion products include immunological
reactions and also infections such as hepatitis and HIV. Although these risks
occur infrequently, they can be serious and life threatening.

Strategies to reduce blood loss and the use of transfusions begin by controlling
the reduction of blood loss per se, or may include autologous transfusion
techniques. The better known autologous techniques include pre-operative
autologous donation, hemodilution, auto-transfusion, and pharmacological
modulation of the haemostatic process.

Alternate novel approaches have now been developed where whole blood
platelet-rich (PRP) and platelet-poor plasma (PPP) sequestration is used to
provide pre-operative autologous blood component therapy. This technique has
proved to reduce the number of allogeneic blood transfusions during open-
heart surgery, as well as in orthopedic operations1,2. Moreover, platelet gel and
fibrin sealant, respectively derived from PRP and PPP mixed with thrombin, can
be exogenously applied to tissues in order to reduce blood loss and therefore
allogeneic blood product transfusions. 

Recently, reports have been published that have demonstrated other
applications of PRP apart from use in wound sealing. Activated PRP, termed
platelet gel, also seems to be efficacious in supporting wound healing,
promoting artificial bone growth and possesses antimicrobial effects, based on
the release of platelet granules contents, including platelet growth factors along
with functioning white blood cells. 
To date there have been no well-designed scientific studies in which platelet gel
has been used during orthopedic indications. Although there have been
anecdotal reports, there are clearly many important questions to be answered. 

At present, while blood transfusions have become much safer than
previously, the number of donors and thus the availability of blood have
diminished. Patients are also becoming more aware of the risks of allogeneic
transfusion. Therefore, it is desirable to reduce the use of homologous transfusions
as much as possible. Furthermore, modern blood management strategies should
incorporate not only red blood cell salvage but should also include the support of
natural healing processes by using autologous prepared blood components,
which can then be applied on (surgical) wounds. 

Accordingly, in this work we investigated peri-operative blood management
in more detail, with an emphasis on the application and production of an
autologous platelet gel. In addition, we touch briefly on the topic of fibrin sealant
use.
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DEFINITION OF PLATELET GEL

Platelet gel is a substance containing a mix of platelet-rich plasma (PRP) and
thrombin. PRP is a suspension that contains a high concentration of non-activated
platelets in a small volume of plasma, prepared from a unit of freshly-drawn
autologous whole blood. 

The preparation of PRP is a relatively simple procedure. Blood collected from
a patient is placed into a centrifuge and a whole blood sequestration of
concentrated platelets is obtained. The highly-concentrated platelets in the PRP
are mixed with thrombin to form a gelatinous structure, platelet gel. This can
then either be used as a stand alone product or can be added to an organic
bone or bone substitutes, in order to create a “bio-active” bone graft. The
thrombin will activate the platelets inducing the platelet granules to release
platelet growth factors (PGF). It is well known that platelets contain a large
variety of growth factors3-5. The main growth factors include: isomeric forms of
platelet derived growth factor (PDGF-ab), transforming growth factors (TGF-β1
and TGF-β2), platelet vascular endothelial growth factor (VEGF) and epidermal
growth factor (EGF). PRP also contains cell adhesion molecules such as fibrin,
fibronectin and vitronectin. These proteins have a role in epithelial cell migration,
connective tissue and osteo-conductive matrix building6-8. 

Due to the high growth factor content, platelet gel is capable of executing
the essential steps of the healing process. Thus, it can act as a local hemostatic
agent9, stimulate wound healing by increasing collagen production and can
improve the integrity of the wound repair10,11. Furthermore, platelet gel is also
able to initiate bone formation in a variety of bone grafting procedures 3, 12, 13.

Very recently, another potential beneficial characteristic of platelet gel has
emerged. An antimicrobial effect of platelets has been demonstrated by
Krijgsveld et al.14 due to the presence of antimicrobial proteins. Furthermore,
Trowbridge et al.15 showed a potential role for the exogenous application of
platelet gel for to treat sternal infections in cardiac surgery. 

POTENTIAL APPLICATIONS FOR PLATELET GEL THERAPY

Platelet plasma sequestration and platelet gels have been used in various
experimental and clinical settings. Ferrari et al.16 were the first to report on the
use of autologous PRP in cardiac surgery for component infusion therapy to
control bleeding. Most reports in the literature concerning platelet gel have
proposed its use in wound healing as a treatment for chronic wounds17-21 and
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to enhance bone-grafting techniques in maxillofacial, orthopedic and cosmetic
surgery3,22-27. The rationale for utilizing platelet gel techniques in a variety of
clinical surgical interventions is for the control of hemostasis, soft tissue healing
and enhancement of bone growth.

EFFECT ON HEMOSTASIS

Platelets are well known as an intravenous transfusion component that treat
bleeding due to thrombocytopenia and other pro-coagulant defects28. At tissue
injury sites, platelets are responsible for the primary hemostatic effect and are
involved in a sequence of events leading to the activation of a coagulation
cascade. 

Few reports have been published on the use of platelet gel to control post-
operative bleeding. This is in contrast to many studies reporting on the use of
fibrin sealant29,30. Fibrin sealant can be produced from platelet-poor plasma as
a side product of the platelet sequestration procedure9.

EFFECT ON SOFT TISSUE WOUND HEALING

The necessity of growth factors within the wound-healing cascade has been
confirmed in various studies19,27,31. Platelet growth factors and many other
growth factors are known to be important in the different stages of the wound-
healing cascade. The identification and recognition of the platelet growth
factors within the wound-healing cascade has led to the development of
commercial strategies for growth factor replacement, e.g. using recombinant
PDGF for the topical treatment of diabetic wounds32,33. Several studies have
shown that a single growth factor applied onto a wound is not as effective as
multiple growth factors. This is not surprising, as multiple growth factors are
required for different stimulatory and inhibitory functions at different phases
within the various stages of the wound-healing cascade34-36. From earlier
reports, concerning surgical and non-surgical wounds, it has become apparent
from a physiological perspective, that successful treatment should include a
combination therapy utilizing a multitude of growth factors which are known to
be instrumental in tissue proliferation and remodeling37. This understanding has
led to the need for bio-tissue engineering strategies that can provide
simultaneous multiple growth factor therapies, such as in the utilization a
platelet gel to deliver autologous platelet-derived growth factors.
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EFFECT ON BONE GROWTH

In 1995, Slater et al.37 suggested that platelets might play an important role in
osteo-genetic activity, with enhanced osteoblastic proliferation leading to
earlier healing in fractures. Most scientific evidence involving improved bone
growth with platelet gel, in combination with autograft and/or allograft bone
grafting techniques, has been acquired during oral and maxillofacial surgery38.
In terms of general orthopedic surgery, relatively few clinical papers have been
published on the role of autologous concentrated platelets in bone formation.
However, several experimental and clinical studies using recombinant platelet-
derived growth factors demonstrated effective results on bone repair and bone
growth7, 39. The only orthopedic use of platelet gels has been in spinal fusion
research. In these studies, platelet gel-treated bone grafts showed superior bone
formation in both experimental and clinical settings40, 41. Other potential areas
of platelet-derived growth factor applications in orthopedic surgery, e.g., the
treatment of non-union fracture healing and support of bone-prosthetic in-
growth, have rarely been addressed or suggested 42. 

EFFECT ON BACTERIAL GROWTH

Platelet gel is considered a buffy coat product as it contains platelets and
leukocytes at significantly higher levels than in whole blood. However, little
attention has been given to the role of the white blood cells also present in the
platelet gel. Both neutrophils and monocytes contain high levels of
myeloperoxidase (MPO), potentially contributing to bacterial killing43. At
present, no data are available on possible antimicrobial effects of autologous
platelet/leukocyte enriched gels in surgery.

OBJECTIVES AND OUTLINE OF THESIS

Although some publications have dealt with platelet gels and/or platelet- rich
plasma for various clinical signs, many questions remain to be answered. For an
optimal procedure and application of platelet gels, we first need to understand
the mechanism of exogenous platelet-derived growth factor delivery to tissues
and to measure the effects of treatment during a variety of procedures. 

The aim of this thesis is to determine the answers to the following questions.
What is platelet gel, how can it be prepared, and what is its action on tissues.
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Included are clinical efficacy studies performed in conjunction with the
Departments of Peri-Operative Blood Management, Orthopedics, Cardiothoracic
Surgery, General Laboratories, Pathology, and Anesthesiology of the Catharina
Hospital Eindhoven, The Netherlands. Furthermore, an experimental study in goats,
and a bacterial culture study has been performed at the University Medical Center
Utrecht in cooperation with the departments of Orthopedics and Anesthesiology.

• Chapter 1 provides an introduction, defining platelet-leukocyte gel and its
potential clinical effects on hemostasis, wound healing, bone growth, and
antimicrobial properties.

• A general review of platelet rich plasma and platelet-leukocyte gel is
illustrated in chapter 2. The preparation of platelet-leukocyte gel, platelet
growth factor functions, and safety issues, including a discussion on various
published articles, are discussed. 

• In chapter 3, we examined the efficacy of the platelet sequestration process
and measured platelet activation during the preparation procedure. 

• Platelet growth factor release and leukocyte kinetics (part of the PRP buffy
coat layer), expressed as the preservation of the myeloperoxidase mechanism,
is examined in chapter 4. 

• An in-vitro study performed with volunteers was conducted to study the
potential bacterial killing effect of platelet-leukocyte gel on cultures of
Staphylococcus Aureus, and is described in chapter 5. 

• The use of autologous platelet-leukocyte gel is illustrated in chapter 6,
included is a condensed literature review on some (new) typical applications.

• The effect of thrombin activated platelet-rich plasma and platelet-poor plasma
on hemostasis during total knee arthroplasty is presented in chapter 7. Study
parameters were the use of allogeneic blood transfusions and post-operative
morbidity.

• The development of the range of motion and the incidence of arthrofibrosis
after platelet-leukocyte gel application in total knee arthroplasty is studied in
chapter 8.

• In chapter 9, the use of platelet-leukocyte gel in shoulder decompression
operations, with regard to recovery of shoulder function, pain, and activity of
daily living, is evaluated.

• An experimental study in goats is described in chapter 10 to evaluate bone
in-growth in a spinal transverse processes cage model, filled with autogenous
bone and two bone substitutes, with and without platelet-leukocyte gel. 

• The overall results in this thesis are discussed in chapter 11, and a letter to
the editor of Bone is included with regard to the term platelet-leukocyte gel.
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• An English summary with a Dutch translation are given in chapter 12.
• In an addendum, the content of the cellular structures of platelet-leukocyte

gel has been studied with electron microscopic imaging.
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INTRODUCTION

Few hospitals in Europe routinely use autologous platelet gel application
techniques as part of a peri-operative blood management program. In the
United States, an increasing number of clinicians tend to employ platelet gel
applications in various surgical settings, for both in, and out of hospital surgery.
The question why this novel and promising technique for the delivery of
autologous growth factors has not yet been adopted on a broader scale need to
be addressed. The main reason may be the lack of convincing scientific data
that provides information whether or not the use of platelet rich plasma (PRP)
and platelet gels (PG) are appropriate in the clinical setting.

At the Catharina Hospital in Eindhoven The Netherlands, we started to
utilize PG techniques in 2001 with a small group of patients undergoing
complicated cardiac surgical procedures and in patients undergoing a spinal
fusion operation. This was carried out as an adjunct to the already existing peri-
operative blood management programs with apparently impressive clinical
results.

The Department of Peri-operative Blood Management of the Catharina
Hospital performs close to 1600 blood management procedures annually, of
which 60% are related to obtain whole blood platelets to produce PRP for the
utilization of PG procedures. While it’s extended use is based upon positive
clinical impressions and on clinical judgment, it still lacks a firm scientific
basis. Therefore, clinical trials are required to answer questions on the efficacy,
efficiency, and on the safety of PG applications under various surgical and
medical conditions. 

It is clear that a good understanding of the proper preparation and
utilization of this specific blood management technique is mandatory for
clinicians to adequately evaluate results of its use and to avoid inconsistent
results. Conflicting data have been reported in clinical and experimental
research on the efficacy of PG treatment1-5. To understand how this arises it is
essential to be in possession of the details of the preparation of PRP and PG.
Knowledge of the following factors are of particular importance: the method of
drawing blood, the quality of the PRP used, platelet and growth factor counts,
the PRP activation, whether autologous or donor PRP was used, and the overall
methodology. With respect to these issues, the clinician should be aware that
data may sometimes appear to be conflicting in the eventual outcome.

This review addresses a variety of aspects pertaining to the use of PG; these
include background on platelet activity, the pivotal role of platelets in hemostasis,
soft tissue healing and bone growth, the whole blood PRP production procedure,
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platelet activation with thrombin, and a description of the various actions of
platelet derived growth factors. In addition, a discussion of the most recent
clinical and experimental articles is presented with respect to these issues. Some
safety issues including possible PG mitogenic effects are also addressed. 

PLATELET ANATOMY AND FUNCTION

Platelets are small discoid blood cells (approximately 1-3 μm). The average
platelet count ranges from 1.5-3.0 x 10-5 per mL of circulating blood and the in-
vivo half-life of platelets is about seven days. Platelets are formed from
megakaryocytes and are synthesized in bone marrow by pinching off pieces of
cytoplasm. Thereafter, platelets are extruded into the circulation. Platelets have
a ring of contractile microtubules (cytoskeleton) around their periphery,
containing actin and myosin. Inside the platelet, a number of intracellular
structures are present containing glycogen, lysosomes and two types of
granules. These are known as dense granules, which contain ADP, ATP,
serotonin, and calcium. The α-granules contain clotting factors, growth factors,
and other proteins. Platelets are equipped with an extensively invaginated
membrane with an intricate canalicular system, which is in contact with the
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Figure 1. Schematic overview of a resting and activated platelet.

Normally platelets are in a resting, non-activated state. Upon activation (e.g. by

thrombin) platelets change their shape with the development of pseudopods to

promote platelet aggregation and subsequent release of granule content via the open

canalicular system. (α-granule: alpha granule).



extracellular fluid6. Normally, in the resting state, platelets are non-
thrombogenic and require a trigger before they become a potent and an active
player in hemostasis and wound healing. Upon activation (e.g. by thrombin)
they change shape and develop pseudopodia, which promotes platelet
aggregation and the subsequent release of the granule content via the open
canalicular system (Figure 1). 

PLATELET ACTIONS

Platelets and PG in hemostasis

Hemostasis is a balanced interaction of platelets, vasculature, plasma clotting
proteins and low molecular weight substances. Following an injury (e.g. by
surgical trauma), the most important initial reactions leading to immediate
blood coagulation are mainly mediated by platelets and blood vessel wall
changes. In surgery, damaged blood vessel walls expose sub-endothelial
collagen, binding von Willebrand factor in the plasma, subsequently changing
the structure so that the platelets can adhere to the blood vessel wall. This
process, known as platelet adhesion, acts via the glycoprotein Ib and IIb/IIIa
receptors, which are present in the platelet membrane. After this event platelets
become activated and aggregate. Upon activation, the platelet cytoskeleton
changes from discoid to a spherical shape with protruding pseudopods which
then spread over injured tissues at the site of injury, a phenomenon called
platelet aggregation.

After aggregation, the granular contents are released via the canalicular
system. Secreted serotonin probably assists in tissue vasoconstriction. Adenosine
diphosphate (ADP) promotes release of granule contents from other platelets
and makes the platelets sticky, thus forming a hemostatic plug. Many other
agents are able to cause platelet aggregation and also to activate phospholipase
A2 present in the platelet membrane. 

Subsequently, as a result of the latter, membrane phospholipids release
arachidonic acid, which is converted into thromboxane A2 leading to platelet
aggregation and platelet growth factor (PGF) release. Independent of
thromboxane and ADP, another mechanism that causes platelet aggregation and
platelet granule release, is induced by the presence of thrombin. Thus, by these
three mechanisms of platelet activation, the platelet plug is extended in an
attempt to stop blood loss from damaged vessels. Furthermore, the coagulation
system is activated by secreted and budded particles7,8. The most well
understood platelet function, at the onset of primary hemostasis, is the formation
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of a platelet plug. Thereafter, secondary hemostasis is initiated with the activation
of coagulation factors and the formation of a fibrin network that stabilizes the
platelet plug9. The final step is the activation of leukocytes invading the affected
area with the release of cytokines which then activate the fibrinolytic system
leading ultimately to clot lysis (Figure 2). Since platelet α-granules secrete
platelet derived growth factors at the wound site almost at the instant of injury,
repair of injured vasculature and tissue is directly initiated with the formation of
new connective tissue and re-vascularization. Furthermore, the temporary
formation of platelet and fibrin plugs at the wound site prevents the entry of
micro-organisms.

Based on the fundamental role of platelets in hemostasis, as discussed
above, it may be hypothesized that exogenously applied PG would contribute
to a more effective hemostatic condition of (surgical) wound surfaces, where it
attaches to tissues as a solid platelet plug. Stover et al., prospectively evaluated
the use of PG as a dural sealant, in patients undergoing craniotomy or thoracolumbar
procedures, and noted successful closure in 39 of 40 treated patients10. Another
therapeutic application is to use PG as a wound sealant when it is sprayed by
an aerosol technique over larger wound surfaces and suture lines in patients
who are at risk of postoperative wound leakage or fistula formation. Furthermore,
in patients who are at risk of impaired wound healing, such as diabetics, and
thus at risk for postoperative wound complications, a sprayed PG may deliver a
high concentration of PGF to the wound, thus boosting and supporting the
natural healing process.
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Figure 2. The different cascade stages in hemostasis after tissue injury.



Platelets and PG in wound healing

Wound healing is a well orchestrated and complex series of events involving
cell-cell and cell-matrix interactions, with growth factors serving as messengers
to regulate the various processes involved. The “wound healing process” as a
whole has to be considered from the point of view of the type of lesion, which
will then in turn dictate the degree of healing that can be obtained. A partial-
thickness skin abrasion heals almost entirely by epithelization, whereas deep
pressure chronic ulcers rely mainly on matrix synthesis, angiogenesis, and
fibroplasia and wound contraction. The significant action of platelet derived
growth factors in wound healing has been widely reviewed. With wounds, and
also after surgical incisions, repair begins with platelet clot formation,
activation of the coagulation cascade, and platelet degranulation with release
of the growth factors. During the first two days of wound healing an
inflammatory process is initiated by migration of neutrophils and subsequently
macrophages to the wound site. In turn, activated macrophages release
multiple growth factors, including transforming growth factors-alpha and -beta
(TGF-α, TGF-β), platelet derived growth factor (PDGF), interleukin-1 (IL-1), and
fibroblast growth factor (FGF)11. Angiogenesis and fibroplasia starts shortly after
day three, followed by the beginning of collagen synthesis on day’s three to five.
This process leads to an early increase in wound breaking strength, which is the
most important wound healing parameter of surgical wounds, followed by
epithelization and the ultimate remodeling process. During the various stages
of wound healing PGF play a key role, as demonstrated in several studies12,13.
In Figure 3, an illustration of the role of platelet derived growth factors during
the different stages in the wound healing process is represented.

Platelet degranulation: After tissue damage, PDGF and FGF are already
being produced by the injured cells14. Once the platelet plug is in place,
platelets will start to degranulate with the release of growth factors, PDGF and
TGF-β, being the most important growth factors at the wound site in the start of
the wound healing process. A characteristic of PGF molecules is that they are
also chemotactic and mitogenic with regard to inflammatory cells, i.e.
neutrophils, monocytes and macrophages15. 

Inflammatory action: Pierce et al., demonstrated that a single application
of PDGF used in incisional wounds amplifies the inflammatory response with
an increased wound influx of neutrophils and macrophages16. 

Matrix deposition: During the phase of matrix synthesis and matrix
deposition, PGF again plays a predominant role. Mustoe and co-workers
showed, in an experimental model, that a single dose of PDGF increased the
volume of tissue granulation by 200% after 7 days17. 
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With the application of TGF-β alone on wounds, it was revealed that the
matrix mainly consisted of new collagen15. Furthermore, in steroid treated or
irradiated wounds, it was demonstrated that the application of TGF-β reversed
the healing deficit with restoration of wound breaking strength18.

Collagen production: Also important in wound healing is collagen
production, which is initiated by the chemotactic and mitogenic actions of
fibroblasts by FGF.

Epithelization: Topically applied epidermal growth factor (EGF) leads to
accelerated epithelization, as demonstrated in a model by Nanney and
associates19. In the beginning of the epithelization process PDGF receptor
genes were found, indicating that PDGF is also important during epithelization20.
During the last phase of wound healing both FGF and PDGF increased
contraction and remodeling time21,22. 
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Figure 3. Schematic illustration of the role of platelet derived growth factors (the numbers

indicate the sequence of the wound healing actions) during the different stages of the

wound healing process.

(EGF: epidermal growth factor; FGF: fibroblast growth factor; PDGF: platelet derived

growth factor; TGF-β: transforming growth factor bèta, VEGF: vascular endothelial

growth factor).



Based on the actions of the various PGF during the different stages in the wound
healing cascade, the use of PG to stimulate wound repair is an interesting
proposition (Figure 3). Compared to recombinant single growth factor applications,
PG has the supreme advantage that it offers multiple synergistically working
growth factors promoting mitogenesis of mesenchymal stem cells at the wound
site12,23-25. 

Promising indications for topical PG applications might be for treatment of
chronic non-healing wounds and supportive healing after incisional wounds
that occur, for example, in diabetic patients who are at risk of impaired wound
healing. PG has been used successfully in wound care patients to close chronic
non-healing (diabetic) ulcera26,27. Margolis and others demonstrated, in a large
cohort of patients, that the application of the substances released from platelets
was more effective than standard care methods in wound healing. The
treatment was even more effective in patients with deeper wounds28. Another
interesting finding in one study was the effect of PG on the reduction of pain,
an effect which is still not understood29. In conclusion, there is sound evidence
indicating that the use of PG in patients with chronic non-healing wounds can
be useful and there is now a need to conduct clinical trials to study its effect on
wound rehabilitation and earlier functional recovery in different surgical
procedures.

Platelets and PG in bone healing

Bone is defined as a biological tissue composed of dynamically active cells which
are integrated into a rigid framework. Bone cells consist of osteoblasts,
osteoclasts, osteocytes, osteoprogenitor cells and hematopoetic components30.
The bone healing process, whether in fracture repair or any given fusion model,
is a delicate balance between bone deposition, resorption, and remodeling. This
is influenced by numerous biochemical, biomechanical, cellular, and pathological
mechanisms. During bone healing, mature bone forming osteoblasts secrete
growth factors which are also present in platelets31. Osteoclasts, by contrast, are
bone-resorbing cells, a process controlled by hormonal and cellular mechanisms.
Under normal circumstances the activity of osteoblasts and osteoclasts is in
balance.

In fracture repair and bone healing (i.e. callus formation) platelets act as
an exogenous source of growth factors stimulating the activity of bone cells,
based on their particular relevance to bone growth32,33. As in wound healing,
bone-fracture healing also incorporates the three stages of inflammation,
proliferative repair, and remodeling. At bone fracture sites, platelets release
PDGF, TGF-β, and EGF, providing an ideal system for the delivery of growth
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factors to the injury site. The richest source of TGF-β is found in platelets, bone,
and cartilage. Two isoforms, TGF-β1 and TGF-β2, are present in the platelets.
TGF-β1 has the greatest potential for bone repair since both chondrocytes and
osteoblasts are enriched with receptors for TGF-β1. In fact, TGF-β may
contribute to bone healing at all stages34,35. It has been demonstrated that with
a combination of platelet growth factors TGF-β, FGF, and EGF, an optimum is
created for the stimulation of differentiation and proliferation of osteoblasts to
osteogenic cells36,37. Similarly, proliferation was increased by the mitogenic
action of PDGF in mesenchymal stem cell differentiation when TGF-β and EGF
was added38. 

The ability of bone to heal is based on three concepts: osteogenesis,
osteoinduction and osteoconduction. 

Osteogenesis is described as the ability to produce new bone and is
determined by the presence of osteoprogenitor cells and osteogenic precursor
cells in the area. PGF are present in three of four stages during the bone healing
process31.

Osteoinduction is defined as the ability to stimulate stem cells to
differentiate into mature cells through the stimulation by local growth factors
such as PDGF and TGF-β39,40. 

Osteoconduction is determined by the presence of a scaffold that allows
for vascular and cellular migration and is usually achieved by the use of
autologous harvested bone (autograft), homologous graft materials (allograft) or
artificial matrixes like demineralized bone (DMB), hydroxyl apatite,
tricalciumphosphate, and collagen41. In the regulation and stimulation of these
biochemical and cellular processes, PDGF plays a dominant role with regard to
mitogenesis, chemotaxis, and stem cell differentiation. Recently, PRP has been
successfully subcutaneously applied in a diabetic femur fracture model, were it
normalized the early cellular proliferation and chondrogenesis, while improving
the late mechanical strength42.

Bone grafts are widely utilized to overcome bone continuity defects and to
enhance a variety of fusions. For this reason, they are often used as a supportive
tool in fracture repair and for the treatment of fractures. It can be hypothesized
that mixing PRP and thrombin (PG), along with sequestered autologous bone
graft materials, might create a bio-engineered graft (Figure 4). The result is a bone
graft enriched with a high concentration of platelets releasing growth factors.
Due to the viscous nature of PG, the bone chips will stick together, thus avoiding
migration of bone particles.

This may be a promising technique that could support and promote bone
growth and accelerate fracture healing, particularly in patients who are at risk
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of the development of non-unions. The mixture of PG with bone grafts might
also be an attractive alternative in the treatment of fractures, spinal fusion, and
in bone tissue engineering strategies. 

THE PREPARATION OF PRP

PRP is perioperatively prepared from a unit of autologous whole blood by
means of extra-corporeal blood processing techniques. PRP can be prepared
either through standard blood banking techniques, or through point-of-care
devices, including blood cell savers/separators or table-top devices. The
preparation of PRP by blood banks, through discontinuous plasmapheresis
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Figure 4. Graphical representation of a “bio-engineered” bone graft with platelet gel.

Sequestered autologous bone chips are mixed with platelet-rich plasma and thrombin.

The result is a bone graft that is enriched with a high concentration of platelets,

releasing growth factors. Due to the viscous structure of platelet gel, the bone chips will

stick together, thus avoiding migration of bone particles.



methods, should be limited because of higher production costs and delayed
availability of PRP, when compared to bedside devices. Furthermore, blood
bank prepared PRP is out of reach of the clinician and demands a highly
controlled logistic system to avoid product mismatch before application to the
patient. 

Two different point-of-care blood centrifugation machines were introduced
to the market recently that achieves optimal blood separation for the
production of PRP. With cell savers/separators, larger pre-donation blood
volumes (250 mL to more than 500 mL of whole blood) can be obtained,
resulting in a PRP volume ranging from 20 mL to more than 50 mL.

Device Name Manufacturer Characteristics Flow Bowl size (mL)
Brat 2 Cobe Cardiovascular Inc Baylor bowl Discontinuous 55,125,175

Arvada, CO, USA 225,240
Compact A Sorin Group Latham bowl Discontinuous 55,125,175,
Electa Mirandola, Italy 225
Fresenius Fresenius Kabi AG Separation Continuous N/A
CATS Bad Homburg Germany chamber
Haemonetics Haemonetics Corporation Latham bowl Discontinuous 70,125,225
CS 5 Plus Braintree, MS, USA
Sequestra Medtronic Inc. Latham bowl Discontinuous 125, 225
1000 Minneapolis, MN, USA

Table 1. Overview of currently available cell saver/separator devices.

Table-top centrifuges have been used to manufacture smaller volumes of
PRP from lesser amounts of whole blood (50mL-150 mL). The choice for either
system is mainly dependent on the type of surgical procedure and the
anticipated need for the amount of PG. It seems reasonable that cell savers are
used when both wound blood cell salvage and PG application are indicated.
By contrast, table-top devices are used when only small amounts of PG are
required during minimal blood loss surgical procedures. In Table 1, an
overview of currently available cell saver/separator devices is shown, and in
Table 2 an outline of table-top systems is shown.
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Device Name Manufacturer Characteristics Components PRP RPM
Volume

Angel™ Sorin Group Variable chamber RBC,PPP, 5-18 Max 
Mirandola, Italy disk PRP mL 4000

Genesis CS™ Emcyte Corporation, Concave BMC, PPP, 4-10 2400
Ft. Myers, FL, USA Aspiration Disc PRP mL

GPS II™ Biomet Container + buoy PPP, PRP 5-6 3200
Warsaw, IN, USA mL

Magellan™ Medtronic Inc Chamber RBC, PPP, 1-8 Max 
Minneapolis, MN USA PRP mL 4000

Secquire™ PPAI Medical Container RBC, PPP, 7 mL 3500
Fort Myers, FL, USA PRP 

Symphony II™ dePuy Inc Two chambers PPP, PRP 7 mL Fixed 
Raynham, MS, USA two step

Vivostat™ Vivolution A/S Preparation PRF, FS 5 -7 N/A
Birkeroed, Denmark chamber mL

Table 2. Overview of currently available table top platelet rich plasma devices

(BMC: bone marrow concentrate; FS: fibrin sealant; N/A: not applicable; PPP: platelet

poor plasma; PRF: platelet rich fibrin; PRP: platelet rich plasma; RBC: red blood cells).

PRP preparation methodology

In the clinical standard setting, blood is drawn from the median cubital vein.
When a cell saver is used to manufacture PRP, autologous whole blood is collected
into standard donor bags filled by gravity, not exceeding the maximum
allowable pre-donation volume in relation to the citrate volume in the blood
bag (Figure 5a). When table top devices are used the blood is carefully
collected by aspiration techniques into syringes, avoiding “negative pulling” in
order to fill the syringes quickly. The use of a needle diameter larger than 17
gauche avoids trauma to the platelets during the blood draw. The autologous
pre-donated blood is collected in sufficient amounts of anticoagulation citrate
dextrose-A solution (ACD-A). In general, a ratio of 1mL of ACD-A to 7-8 mL of
whole blood should be maintained. The aspirated blood is gently agitated to
thoroughly mix the anticoagulant with the blood. 

Currently, most cell savers use a Latham (tapered) bowl, in stead of Baylor
(straight) bowl, ranging in volume between 50-225 mL. Furthermore,
continuous autotransfusion systems, not using a bowl, can also be used to
prepare PRP.
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These cell savers/separators sequester the whole blood in a semi-automatic
controlled operating mode by centrifugation at 5,600 rpm, separating the
platelet poor plasma (PPP) from the buffy coat layer and erythrocytes. The PPP
volume is separately collected in a blood bag. Thereafter, centrifugation is
slowed down to 2,400 rpm to obtain the buffy coat layer consisting of PRP and
leukocytes, which is collected in a separate blood bag or syringe. After this
procedure the erythrocytes are also separately collected in a blood bag. The
collected PPP and erythrocytes are re-infused during surgery at a time
determined by the anesthesiologist. The collected PRP is used to prepare PG for
application to tissues.

With table top devices a similar protocol of a high and low speed
centrifugation is followed. Depending on the brand of table top device, one
may collect all blood components separately, or collect only PRP. In those cases
where no re-transfusion of blood components is feasible, the PPP and erythrocytes
are discarded.

Regardless of the type of PRP preparation method, the aim of working
with whole blood is to prepare PRP with a platelet count in excess of the
baseline platelet count values at the patient’s bedside (Figure 5b). 
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Figure 5a. Peripheral blood smear of whole blood with a platelet count of 276.000 per μL.

Inside the circle platelets are visible.



PRP ACTIVATION

Alpha granules of the non-activated platelets in the PRP contain PGF, and are
thus non-functional, since they are not released or in contact with the tissue. To
initiate the release of these growth factors, platelets must be activated.
Thrombin, the most potent platelet activator, will induce immediate PGF release
from the PRP in a dose-dependent fashion43,44. In the USA, commercially
available thrombin, derived from bovine plasma is used as a ‘gold standard’,
despite the fact that bovine thrombin has been associated some years ago with
the development of antibodies to clotting factors V, XI, and thrombin, which
had occasionally lead to life-threatening coagulopathies45. Alternatively, PRP
can be activated by autologous thrombin, produced with commercially
available thrombin production kits, which either use autologous whole blood
sequestered PPP or PRP (Table 3). Recently, Tsay et al.46 reported that the use of
a synthetic peptide that mimics thrombin known as peptide-6 SFLLRN (TRAP).
Activation with TRAP results in a more sustained release of the PGF with less
PG retraction and higher PDGF-AB and TFG-β concentrations.
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Figure 5b. Platelet rich plasma smear. Dense platelet concentrations correlating to a platelet count

of 2.750.000 per μL, in a 7 mL volume. Prepared with the Angel PRP system.



The mechanism of this sustained release phenomenon is unclear, but it may
possibly be useful in the development and maturation of platelet enriched bone
grafts and also in tissue healing. 

Autologous Required Thrombin Activator Thrombin Ratio
thrombin kit volume. volume Reagent Activity AT:PRP
Manufacturer Product
ActivAT™ 12 mL PPP 5 – 6 mL ethanol 17%, 40-90 IU 1:10
Sorin Group, Mirandola glass beads
Italy calcium chloride 10%
Magellan™ 3 mL WB 2,5 mL glass fiber 10 – 15 IU 1:4
Medtronic, calcium chloride 10%
Minneapolis, MN, USA
Petri dish variable variable glass Petri dish 10 – 15 IU 1:4
Catharina Hospital PPP/PRP calcium chloride 10%
Thrombin Assessing 9,5 – 10,5 mL 8 mL ethanol 18,8%, 40 – 50 IU 1:3
Device™ PPP ceramic beads
Thermogenesis, calcium chloride 10%
Rancho Cordova, CA, USA

Table 3. Autologous Thrombin Processing Kits.

The ratio AT:PRP refers to the manufacturer’s proposed ratio for mixing PRP with

thrombin to produce PG. (AT: autologous thrombin; IU: international units; PG:

platelet gel; PPP: platelet poor plasma; PRP: platelet rich plasma; WB: whole blood).

Mixing PRP with thrombin and calcium chloride, to antagonize the anti-
coagulative effect of the citrate present in the pre-donation blood bag, will result
in the activation of the platelet concentrate with the development the viscous PG
solution. Thereafter, the PG can be exogenously applied with a syringe or as a
solid clotted jelly mass applied to soft tissues, bone or synthetic bone. 

From a surgical point of view, an “ideal” PG procedure is often defined as
a procedure forming a platelet coagulum within 10 seconds. However, the
formation of the coagulum is merely a function of the activated fibrinogen
concentration, rather that the number of platelets. 
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PLATELET GEL GROWTH FACTORS

The PGF of the PG are peptides that promote cell proliferation, differentiation,
and chemotaxis inducing the migration of various cells. Therefore, they play an
important role in healing processes, as demonstrated in several studies47,48. We
can classify growth factors into two groups, morphometric and mitogenic. The
morphometric growth factors, involved in bone growth, can turn undifferentiated
multipotent mesenchymal stem cells (MSC) into immature and mature
osteoprogenitor cells through the presence of the so called bone morphogenic
proteins (BMP)49. These BMP growth factors belong to the TGF-β super family,
a growth factor which is also present in PRP.

Most of the PGF in the PRP have mitogenic actions which increase the
population of healing cells by mitogenesis. However, the action depends on the
presence of further differentiated MSC. 

PGF receptor binding

After PG has been applied to tissues and the clot has retracted and degranulated,
PGF will be deposited in the extracellular matrix. Thereafter, during matrix
degradation, growth factors are released that interact and bind with the platelet
tyrosine kinase receptor (TKR), present in the cell membranes of tissue cells
(ligand-receptor interaction). The actual binding site is on the outer surface of
the cell membrane. The TKR is a membrane spanning protein that extends into
the cytoplasm of the cell. After growth factor interaction with the external part
of the TKR, activation of (inactive) messenger proteins in the cytoplasm occurs.
The activated TKR cytoplasmic tail now serves as a binding site for the messenger
proteins. An activated protein is generated via a signaling cascade that is capable
of entering the cell nucleus where it triggers the genes responsible for controlling
cell division. Subsequently, transcription of messenger RNA is induced, producing
a biological response that initiates the cascades that induce tissue repair and
regeneration (Figure 6)50,51. 

Due to the unique modes of action, growth factors are capable of inducing
effects on multiple cell types, and may therefore provoke a series of cellular
functions in different tissues52,53.

The next paragraph gives some background information on two of the
most well described platelet growth factors, and on a more recent evaluated
growth factor present in PRP. In Table 4, a synopsis of PRP growth factors is
provided, along with a description of the growth factor source and their specific
function16,54-63.
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Platelet-derived growth factor, PDGF

PDGF is a glycoprotein with a molecular weight of approximately 30 kD, with
two disulphide-bonded polypeptides, referred to as A and B chains. There are
three isoforms, PDGF-AA, -BB and -AB57,59. PDGF is not only found in the
dense α-granules of the platelet but is also synthesized and secreted by
macrophages and the endothelium. PDGF appears to be the first growth factor
present in a wound and initiates connective tissue healing through the
promotion of collagen and protein synthesis. Furthermore, PDGF enhances the
proliferation of bone cells and increases bone regeneration through osteoblastic
mitogenesis. After the adhesion of PG to wound sites, PDGF will emerge from
the degranulating platelets nd receptor activation will be initiated as described
above52,64,65. The most specific function of PDGF includes mitogenesis
(attraction of cells to the wound site), angiogenesis (endothelial mitosis into

40

chapter 2

Figure 6. Diagram demonstrating the mechanism by which platelet growth factors binds to the

tyrosine kinase receptor. Ultimately, extra cellular platelet growth factor-receptor

binding results in intracellular signaling and transmission to the cell nucleus. (DNA:

Deoxyribo Nucleic Acid; mRNA: messenger Ribo Nucleic Acid).



functioning capillaries), macrophage activation (biological wound debridement,
and they act as a secondary source of growth factors). Bowen-Pope et al.,
studied the production of PDGF and concluded that there are approximately
0.06 nanograms of PDGF per 106 platelets, or about 1200 molecules per
platelet66. Therefore, one might assume that PG with a platelet count in excess
of 3 to 5 fold the baseline level would have a profound effect on both wound
healing and bone regeneration. 

Transforming growth factor beta, TGF-β

TGF-β is the name given to a group of proteins with a molecular weight of
approximately 25 kD. They are involved in the formation and development of
many tissues67. TGF-β is part of a super family to which BMP also belongs. In
humans, three subtypes of TGF- β are present, but TGF-β1 and TGF-β2 appear to
be the most important with regard to general connective tissue repair and bone
regeneration68,69. TGF-β is found predominantly in platelets which account for
95% of the total, while some is also found in macrophages, in a latent form.
TGF-β has an inhibitory effect on cell growth of many tissues, except for MSC
where proliferation is enhanced. The other functions of TGF-β are to promote
chemotaxis and mitogenesis of fibroblasts and osteoblastic precursor cells.
Later, they will differentiate into mature osteoblasts, and they also stimulate
osteoblasts deposition at the collagen matrix of the tissue wound-healing and
bone matrix regions70. TGF-β acts both in an autocrine and paracrine fashion,
making it a growth factor with long term healing and bone regeneration
capabilities71. Some concern on the use of TGF-β has been muted by Dieudonne
and co-workers, who studied its effect of on osteoclastic bone resorption in an
experimental setting. They concluded that low concentrations have a stimulatory
effect on bone cell proliferation, whereas at higher concentrations proliferation
is suppressed72. 

In PRP, both PDGF and TGF-β are present, implying that a mixture of
combinations of growth factors will always be present at tissue sites. This
unavoidable effect appears to be beneficial towards tissue healing since various
results are reported on the synergistic effect of different growth factors23,24,50.

Connective tissue growth factor, CTGF

Very recently, Kubota and others described a new PGF known as CTGF62.
Platelets adhere to CTGF at injured tissue wound sites, where it is over-
expressed along with the platelet coagulation process. In their experiments they
showed that non-activated platelets contain considerable amounts of CTGF and
that is released by activated PRP. It was also demonstrated that the CTGF content
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in platelets is more than 20-fold higher than any other PGF and that CTGF
endorses angiogenetic activity, cartilage regeneration and fibrosis. Cicha et al.,
showed that CTGF is expressed in bone marrow cells, but not by platelet-
producing megakaryocytes, suggesting that the total amount of CTGF in
platelets is the result of endocytosis from the extracellular environment in bone
marrow63. CTGF might be considered as an important member of the PGF
family.

PG STUDIES

Animal studies

There is a large variety of animal studies on PG research in the literature. Table 5
shows some of the more recent experimental studies2, 73-94. The results tend to
be confusing and the reader might conclude that the animal data on PG studies
is conflicting. One concern is that a variety of different animal species has been
used and often no information of platelet counts or growth factor numbers in
the PRP is provided. Furthermore, methods describing the PRP production are
sometimes lacking. Some investigators even used damaged platelets, whereas
others did not activate the PRP at all, as most clinicians would do in a clinical
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Growth Factor Source
Transforming Growth Factor-bèta, Platelets, extracellular matrix of bone, cartilage matrix, activated TH1
TGF-β cells and natural killer cells, macrophages/monocytes and neutrophils

Basic Fibroblast Growth Factor, Platelets, macrophages, mesenchymal cells, chondrocytes, osteoblasts
bFGF
Platelet Derived Growth Factor, Platelets, osteoblasts, endothelial cells, macrophages, monocytes,
PDGFa-b smooth muscle cells

Epidermal Growth Factor, Platelets, macrophages, monocytes
EGF
Vascular endothelial growth factor, Platelets, endothelial cells
VEGF
Connective tissue growth factor, CTGF Platelets through endocytosis from extracellular environment in bone marrow.

Table 4. Overview of platelet growth factors, their source, and specific function.



setting in order to release PGF. Also, “true” autologous PRP is not always achieved
in small animals. 

It is therefore not surprising that Ranly and co-workers observed a reduced
osteoinductivity when human PRP in combination with demineralized bone
was mixed and implanted in mice93. 

In summary, the different protocols used in these studies make it difficult to
draw conclusions. Therefore, the “no” PG treatment effect and negative outcome
following the use of PG in animal studies should be interpreted with caution.

Human clinical studies

Autologous PRP was first used in cardiac surgery by Ferrari et al. in 1987, as an
autologous transfusion component after an open heart operation, in order to avoid
homologous blood product transfusion95. Later, in the early 1990’s PG was used as
a by-product of the sequestration procedure, as an alternative to fibrin sealant, for
the control of hemostasis in cardiac surgery96, 97. Since that time, an increasing
number of institutions have used PG for optimization of soft tissue healing and
bone regeneration. However, many case reports or small uncontrolled cases have
been presented but only a few have been published1, 3, 98. The majority of these
clinical studies demonstrated a significantly improved effect on soft tissue
healing and bone regeneration when PG was used. Strikingly, in most studies
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Function Ref.
Stimulates undifferentiated mesenchymal cell proliferation; regulates endothelial, 16,53
fibroblastic and osteoblastic mitogenesis; regulates collagen synthesis and
collagenase secretion; regulates mitogenic effects of other growth factors;
stimulates endothelial chemotaxis and angiogenesis; inhibits macrophage and
lymphocyte proliferation
Promotes growth and differentiation of chondrocytes and osteoblasts; mitogenetic 54,55
for mesenchymal cells, chondrocytes and osteoblasts 
Mitogenetic for mesenchymal cells and osteoblasts; stimulates chemotaxis and 16,56
mitogenesis in fibroblast/glial/smooth muscle cells; regulates collagenase secretion and
collagen synthesis; stimulates macrophage and neutrophil chemotaxis
Stimulates endothelial chemotaxis/angiogenesis; regulates collagenase secretion;
stimulates epithelial/mesenchymal mitogenesis 57,58
Increases angiogenesis and vessel permeability, stimulates mitogenesis for 
endothelial cells 59,60
Promotes angiogenesis, cartilage regeneration, fibrosis and platelet adhesion 61,62



data were obtained in oral and maxillofacial surgery, wound care, and cosmetic
surgery, mainly because of the availability of histological specimens under
these treatment conditions. Advocates of PG cite that it has a beneficial effect on
tissue healing and bone growth, and appears to reduce the incidence of
infections and postoperative blood loss28,99-104. Nevertheless, there are also
clinical and experimental data that do not show any effect of PG applications.
In Table 6, we summarize a series of 28 clinical human in-vivo studies
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Authors, ref. Year Study Medical area N = Outcome
animal Effect 

Kim, 73 01 rabbit M-F: bone 20 +
Kim, 74 02 dog M-F: peri-implant 12 +
Aghaloo, 2 02 rabbit cranial: defect 15 -
Fennis, 75 02 goat M-F: bone 28 +
Kim,76 02 dog M-F: bone defect 12
Furst, 77 03 mini pig M-F: sinus graft 12 +/-
Jakse, 78 03 sheep M-F: bone 12 +/-
Schlegel, 79 03 pig Bone implants 15 +/-
Zechner, 80 03 mini pig Dental implants 12 +
Aghaloo, 81 04 rabbit Cranial: defect 15 +/-
Choi, 82 04 dog M-F: soft tissue 8 -
Fennis, 83 04 goat M-F: bone 28 +
Li, 84 04 pig SS: bone 10 -
Yazawa, 85 04 rabbit M-F: bone 10 +
Weibrich, 86 04 rabbit M-F: bone 24 +
Aghaloo, 87 05 rabbit Cranial: defect 15 -
Butterfield, 88 05 rabbit M-F: sinus 12 -
Fennis, 89 05 goat M-F: bone 6 +
Grageda, 90 05 sheep M-F: bone 10 -
Kovacs, 91 05 dog M-F:bone 10 +
Pryor, 92 05 rat M-F: bone 30 -
Ranly, 93 05 mouse OS:muscle 30 -
Scalani, 94 05 rabbit WC: implants ? +

Table 5. Summary of animal studies with the use of autologous platelet gel.

(M-F: maxillo-facial surgery; OS: orthopedic surgery; SS: spinal surgery; WC: wound

care; +: authors conclude a positive effect of PG treatment; +/-, - means respectively a

positive, doubtful and negative effect of platelet gel treatment; ?: animal numbers not

mentioned)
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Authors, ref. Year Study Medical field Patients Outcome
type in study Effect 

Knighton, 105 90 PR WC 32 +
Marx, 99 98 PR M-F 88 +
Anitua, 106 99 case M-F 20 +
Lowery, 107 99 R-case SS * 19 +/-
Anitua, 98 01 case M-F 3 -
Blumenkranz, 108 01 case ES 121 +
Man, 100 01 case CS 20 +
Margolis, 28 01 R-case WC 26.599 +
Petrungaro, 109 01 case M-F 3 +
Powell, 110 01 PR-B CS 8 +
Shanaman, 3 01 case M-F 3 -
Adler, 111 02 case CS 20 +
Froum, 1 02 case M-F 3 -
Robiony, 102 02 case M-F 5 +
Valbonesi, 101 02 case CS 14 +
Weiner, 4 03 case SS * 57 -
Castro, 112 04 P-contr SS * 84 -
Crovetti, 29 04 case WC 24 +
Giannini, 113 04 case-contr M-F 5 +
Mazzucco, 27 04 case WC 22 +
Camargo, 114 05 PR M-F 18 +
Carreon, 5 05 R-contr SS * 152 -
Englert, 103 05 R CTS 30 +
Merkx, 115 05 case M-F 8 +
Kassolis, 116 05 P-contr-B M-F 10 +
Savarino, 117 05 PR OS 10 +
Steigman, 118 05 case-contr M-F 20 +
Everts, 104 06 PR OS 164 +

Table 6. Summary of clinical studies with the use of autologous platelet gel.

(PR: prospective randomized; case: consecutive cases; R-case: retrospective case study

consecutive cases; PR-B: prospective randomized blinded; case-contr: case study with

patient being his/her own control; P-contr: prospective study with controls; R-contr:

retrospective study with control patients; P-control-B: prospective consecutive study,

single blinded. CS: cosmetic surgery; CTS: cardio thoracic surgery; ES: eye surgery; M-

F: maxillo-facial surgery; OS: orthopedic surgery; SS: spinal surgery; WC: wound care.

+, +/-, - means respectively a positive, doubtful and negative effect of PG treatment).



concerning autologous PG application that have been published in peer
reviewed journals1,3-5,27-29,98-118. However, we excluded abstracts presented at
meetings, data obtained from in-vitro studies, and results obtained with
recombinant (single) growth factors. In seven studies no positive effect of PG was
demonstrated. Three of those seven studies were in the maxillofacial surgery
field, including a total of only nine patients (3 patients per study). 

In the study by Froum et al., the results obtained were from only 3
patients. Moreover, they all were treated with different bone graft materials and
synthetic membranes in combination with PG1. Shanaman et al., also included
only 3 patients in their study, with no statistical analysis possible3. 

Furthermore, the conclusions drawn by these authors are only based on
very limited data. The four other studies (*) were conducted as spine surgery,
where the PRP was concentrated with a so-called autologous growth factor
filter (AGF filter™ Biomet, Warsaw IN, USA)4,5,107,112. Kevy et al., observed in
an in-vitro study that the use of the AGF filter resulted in a significant activation
of platelets in the concentrated PRP, and in an unintentional release of PGF
before the PG was applied to the tissue. They concluded that platelets were
fragmented and bound to the hollow fibers due to repetitive passage of the PRP
through the micro porous fiber of the AGF filter119. Therefore, the end product
of the AGF filter is merely a platelet releasate, rather than a viable PRP product.
Normally, PRP contains non-activated platelets until the moment of platelet
activation and subsequent tissue application.

It is of concern that based on these considerations, several authors review
the results of PRP and PG applications, in human clinical and animal outcome
data, side-by-side120-122. From a scientific point of view, human and animal
trials should to be discussed and reviewed separately. Thus, any conclusions
drawn from these reviews, in which human and animal results are combined,
should be addressed with caution, especially since there are often no growth
factor analysis determination kits available for some animal species. The
differences in results obtained in humans versus animals, may therefore be due
to the great dissimilarity in species, since PG is a very sensitive autologous
biological product and demands specific tissue receptor cells. 

WHAT QUANTITIES OF PLATELETS ARE REQUIRED TO ACHIEVE A POSITIVE
EFFECT FOLLOWING PG APPLICATION?

The question of the actual quantity of platelets required is often put forward by
clinicians who need to know the minimal therapeutic PRP platelet concentration
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that would result in a significant improved outcome when PG is used, compared
to standard treatments. At present, not much data is available to answer this
question directly, and only indirect information exists. In 1998, Marx and co-
workers performed the first study demonstrating a significant improvement in
mandibular continuity defects when PRP was mixed with autogenous bone
grafts99. Their PRP contained a 3 to 4 times higher platelet count when
compared to baseline values, although the average PRP platelet count found in
their patients was just below 8 x 105/μL, a number which is lower than in most
other studies. Nevertheless, they observed a significantly faster radiographic
maturation and histo-morphometrically denser bone regeneration. Nowadays,
the latest separation devices produce PRP platelet counts in excess of 6 to 10
times the baseline platelet count values. Manufacturers tend to interpret a high
platelet concentration as a quality performance indicator of their separation
devices, regardless of the fact that these high concentrations may not be
necessary, or might even contribute to a negative outcome. Weibrich et al.,
observed an advantageous effect with platelet concentrations of approximately
106/μL. Furthermore, they state that higher concentrations might have a
paradoxically inhibitory effect86.

Haynesworth et al., studied the response of PRP on cellular mechanisms
of adult human mesenchymal stem cells (ahMSC) in-vitro123. In soft tissue and
bone healing, ahMSC are essential components for the repair processes124,125.
It was shown that release of PRP growth factors stimulates the migration and
proliferation of ahMSCs, in a PRP concentration dependent manner. A significant
cellular response occurred with a 4 to 5 fold increase of platelet count, when
compared to the baseline platelet count. In another study, Liu et al., showed
that the fibroblast proliferation and type I collagen production were augmented
by a 4 to 5 fold increase in the PRP platelet count126. 

With these studies it was shown that a PRP platelet count of approximately
106/μL is likely to be in the therapeutically effective range. A PRP platelet count
with a 4-5 times higher baseline value, appears to be adequate to achieve a
significant outcome following PG application, since in most patients a whole
blood platelet count between 1.5-3x105 μ/L is found.

SAFETY ISSUES

Patients, who are considered to be candidates for a PG application, must undergo
a minor hematological evaluation to exclude blood disorders or platelet
dysfunction. The authors feel that the following are relative contra-indications
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for PG application: a platelet count less than 105 μ/L; a hemoglobin level less
than 10 g/dL; presence of a tumor in the wound bed or metastatic disease; and
active infections. PRP preparation and PG production is safely executed by
certified perfusionists or other health care professionals who have been trained
in proper aseptic pheresis and transfusion techniques, complying with generally
accepted safety requirements. Any concerns of immunogenic reactions or
disease transmission such as HIV and hepatitis which exist with homologous
blood products, are eliminated since PRP is produced from autologous blood. 

As discussed earlier, the use of bovine thrombin should be reduced, or
even better, eliminated, since there are high quality, and safer, alternatives
available for activating PRP.

To our knowledge, no wound infections after PG applications have been
reported, although the preparation of PG demands many processing steps, and
thus theoretically there is the possibility of contamination119.

Some of the commercial available autologous thrombin kits require the
use of ethanol. The safety of using a small amount of ethanol in the PG on
nerves was studied in an animal model by de Somer et al.127. It was concluded
that the myelin sheaths were normal in appearance, with no axonal swelling
and no collagen necrosis due to the ethanol.

Despite the fact that PGF have mitogenic properties, there is no evidence
that these growth factors promote tumor growth, or that they are involved in
carcinogenesis128,129. Furthermore, Scott and Pawson showed that growth
factors act on cell membranes and not on the cell nucleus, and that PGF activate
normal, rather than abnormal, gene expression130. However, the effect of PG
during tumor surgery should be investigated before using it under these
circumstances.

CONCLUSIONS

Platelets are unique blood elements initiating hemostasis and healing processes.
Therefore, the potential of autologous PG growth factor applications are numerous.
PRP contains a high concentration of platelets which can be activated to form
PG and to release PGF for therapeutic use. Data from human and animal
studies provides both direct and indirect evidence that PGF plays a considerable
role in tissue regenerative processes. Nevertheless, some uncertainty is present
and some clinicians remain skeptical of the clinical benefits of PG and are
uncertain about the ideal biological setting (e.g. percentage of vital bone cells,
volume of PRP etc.) for the application of the PG. Therefore, randomized
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controlled trials are required to investigate the potential of PG applications, and
to provide data for sound clinical decision making in the near future. 
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ABSTRACT

Background:

In this study, three commercial systems for the preparation of PRP were compared
and platelet growth factors release was measured.

Methods:

Ten healthy volunteers donated whole blood that was fractionated by a blood cell
separator, and a table-top centrifuge to prepare PRP. Furthermore, an autologous
growth factor filter was used to concentrate PRP fractionated by the blood cell
separator. PRP was subsequently activated with autologous produced thrombin to
degranulate the platelets to measure platelet-derived growth factor-AB (PDGF-
AB), transforming growth factor-bèta (TGF-β), insulin-like growth factor-1 (IGF-1),
and vascular endothelial growth factor (VEGF). 

Results:

PRP contained significantly higher platelet counts compared with baseline
values (p < 0.001). PDGF-AB concentrations were increased more than 18-fold
in the platelet gel supernatant when the cell-separator and G-PS were used,
whereas only a 3-fold increase was seen with the AGF. 

Conclusion:

The three PRP devices enable the preparation of PRP for the release of high
concentrations of platelet growth factor, but showed different harvesting
capacities for the collection of concentrated platelets. The administration of
thrombin for PRP activation resulted in the release of high concentrations of
PDGF-AB and TGF-β but only when PRP had not been activated during the
preparation process in-vitro.
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INTRODUCTION

Traditionally, platelets are used therapeutically to correct thrombocytopenia or
platelet dysfunction1. It is currently understood that platelets also play a pivotal
role in the repair of injured tissues since they contain platelet growth factors
that are released from activated platelets; platelet growth factors initiate and
modulate wound healing in bone or soft tissue2, 3. Of particular importance in
these healing processes is platelet-derived growth factor (PDGF), which exists
as both heterodimers of A and B chains and as homodimers of either A-A or B-
B chains4. Also of importance are transforming growth factor-bèta (TGF-β)5,
vascular endothelial growth factor (VEGF)6, smaller amounts of insulin-like
growth factor (IGF)7 and epidermal growth factor (EGF)8. Additionally, Kubota
and others described that connective tissue growth factor (CTGF) is also
present9. Recently, strategies in clinical treatment plans encourage the production
of autologous platelet-rich plasma (PRP) containing high concentrations of
platelet growth factors with the use of whole blood separation devices. PRP
mixed with thrombin and calcium chloride will result in the production of
platelet gel, which can be exogenously applied to surgical wounds, leading to
the degranulation of the platelet α granules and platelet growth factor release10.
In several studies, investigators have appeared to take advantage of platelet
growth factor delivery in support of hemostasis and wound healing11, 12. In oral
and maxillofacial surgery, published results imply that earlier bone graft maturation
can be expected when platelet gel is used in mandibular defects13, 14. In
addition, platelet gel applications have also been reported to improve soft tissue
healing in chronic non-healing wounds15, 16. Before clinicians began to routinely
use platelet gel, it was logical to analyze the manufacturing procedure for PRP,
which may result in varying amounts, quality, and efficacy from patient to
patient, and to characterize the platelet growth factor content. The purpose of
this study was to evaluate the PRP preparation method in 10 healthy volunteers
and compare the results obtained using three different commercially available
devices with different operating principles.

The specific objectives were: 
1) To compare platelet counts; 
2) To determine whether platelet activation occurs during the PRP preparation

process; 
3) To examine the effects of PRP storage on growth factor levels; and 
4) To quantitate certain platelet growth factors (i.e., PDGF, TGF-β, VEGF, and 

IGF-1 in the platelet gel.
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MATERIAL AND METHODS

Study design

The study was approved by the Institutional Ethics Committee of the Catharina
Hospital (Eindhoven, The Netherlands) (World medical Association, 2002)17. Written
informed consent was obtained according to these guidelines. Each volunteer
was identified by number, enabling a reviewer to identify and compare the test
results. The study was consecutively executed in five working days.

MATERIALS AND METHODS

The Gravitational Platelet Sequestration System™, (Biomet Co, Warsaw, IN,
USA) (GPS), is a table-top centrifuge system using a flat-bottom, 60-mL plastic
centrifuge tube, containing a buoy and an internal coiled device located in the
tube cap. The buoy is lowered to remove the platelet-poor plasma following a
12 min spin at 3,200 rpm. Thereafter, the PRP volume (± 5 mL) can be collected.
With this device, the red blood cells cannot be collected separately and are
therefore discarded.

The Electa Cell-Separator™ (Sorin Group, Mirandola, Italy) (CS) is an
intraoperative blood salvage device that uses a Latham bowl to separate the
PRP from the whole blood and utilizes modified software for apheresis11. One
PRP production procedure incorporates both a 5,400-rpm hard spin and a
2,400-rpm soft spin to collect the PRP. The platelet poor plasma and erythrocytes
are collected separately in two transfusion bags and retransfused to the patient.
The PRP is collected in a 60-mL syringe.

The Autologous Growth Factor Filter™, (Interpore Cross® Irvine CA, USA)
(AGF) is a micro porous, cellulose hollow fiber filtration device with a volume
of 8 mL and uses PRP as a baseline product that has been manufactured by the
cell separator device. A specific manifold is needed for the AGF, which has two
60-mL syringes attached that are driven by compressed air. The device filters
water after multiple passes of PRP through the filtration device. The end-product
is concentrated PRP. All three devices were used according to the manufacturer’s
instructions.

PRP preparation 

An intravenous infusion line was inserted into the medial cubital vein using a
17 G needle. For each donor, whole blood donation was distributed as 
2 aliquots. First, a 60-mL syringe was pre-filled with 7 mL of anticoagulant
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citrate dextrose A solution and 53 mL of whole blood was slowly drawn via an
intravenous catheter. The syringe was inverted five times to ensure proper
mixing with the anti-coagulant before PRP was prepared using the GPS. An
additional 375 mL of blood was passively drained into a blood bag containing
53 mL of citrate-phosphate-adenine anticoagulant-preservative to produce PRP
using the CS, which was programmed to perform platelet sequestration. The
PRP from the CS was divided into 3 aliquots: 4 mL for the preparation of
autologous thrombin, 3 mL was kept for platelet gel fractionation, and the
remainder was used for the concentration of PRP using AGF. The PRP prepared
using the GPS was solely used to produce platelet gel.

Platelet gel enrichment

Following PRP preparation, autologous thrombin was isolated to activate the
PRP and thus to prepare platelet gel. Autologous thrombin was isolated from 4
mL PRP and 0.17 mL of 10% calcium chloride to antagonize the anticoagulant
present in the donated blood. This mixture was injected into a glass Petri dish
to activate platelets and form a clot. After 25 to 40 min, a clot was formed
inside the glass dish and compressed manually. The cellular clot debris was left
behind on the dish and the liquid fraction containing the thrombin was
aspirated with a syringe platelet gel was prepared by mixing PRP and thrombin
in a ratio of 4:1. Figure 1 shows a diagram on the study set-up.

Sampling and hematological analysis

Blood samples used for baseline measurements were drawn from the intravenous
line of the patient and collected in citrate-phosphate-adenine monovettes. After
whole blood centrifugation procedures using the three devices, a sample of the
PRP volume was taken for laboratory analysis. Subsequently, the PRP of the
GPS and 3 mL of the CS were placed onto a flatbed agitator at a frequency of
60 rpm and stored at room temperature (21 ± 2 ºC) for 75 min during PRP was
concentrated using the AGF. After this period, blood samples were taken from
the PRP and concentrated PRP. Then, 3 mL of PRP from the GPS, CS, and
concentrated PRP were activated by autologous thrombin to form the viscous
coagulum, platelet gel. The platelet gel coagula were placed into three different
cups that represented each device; after 75 min, a sample was taken from each
supernatant for analysis. 

In all blood samples, platelet counts were assessed using a fully automated
analyzer (Cell-Dyn™ 4000, Abbott Diagnostics, Santa Clara, CA, USA) and the
impedance method. 
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Determination of platelet activation

During the entire PRP and platelet gel preparation procedures, platelet
activation was determined by measuring plasma levels of bèta-thromboglobulin
using Asserachrome bèta-thromboglobulin kits (Stago, Asnieres, France).

Determination of growth factor concentrations

Platelet growth factor concentrations in whole blood, PRP, concentrated PRP,
and platelet gel supernatants were determined by commercially available
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Figure 1. Study diagram showing platelet rich plasma preparation and platelet gel manufacturing.
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enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis MN,
USA) that had been validated for measuring PDGF-AB (Quantikine PDGF-AB),
TGF-β1 (Quantikine TFG-β1), and VEGF (Quantikine human ANG), according
to the manufacturer’s instructions. The enzyme-linked immunosorbent assay
procedures were programmed into an automated analyzer (Coda Automated
EIA™ analyzer; Bio-Rad Laboratories, Hercules CA, USA). Samples were
measured in duplicate and in appropriate dilutions to fit the respective calibration
curves. Repeat analysis was performed when between duplicate differences
greater than 10% were found. Insulin-like growth factor-1 (IGF-1) was measured
using a fully automated chemiluminescence immunoassay in the Advantage
Analyzer (Nichols Institute Diagnostics, San Clemente CA, USA).

Statistical method

The study data were gathered on customized patient tracking forms and entered
into a computerized database that allowed unbiased and reliable data
management. Statistical analysis utilized SAS statistical software (SAS Institute,
Cary NC, USA 2003). Measured data were expressed as the mean ± 1 standard
deviation (SD). The measurements of interest were the changes within each
individual from one time point to the next and the average. The paired t-test
focused on the difference between the paired data and reported the probability
that the actual mean difference was equal to zero. Differences were calculated for
all measurements from Time 1 to Time 0, Time 2 to Time 0, and Time 3 to Time 0
for each individual. These differences were averaged for the specific device type.
T-tests for significant differences between devices were then calculated, where P <
0.05 was considered significant (Time 0 = baseline, Time 1 = after PRP preparation,
Time 3 = after 75 min, and Time 4 = after activation by autologous thrombin).

The platelet yield, a measurement to validate the collection efficiency of
the devices, was determined using the following formula:

Platelet yield (%) = (PRP volume) x (platelet count in PRP)/ (WB volume) x
(platelet in WB) * 100%. (WB: whole blood).

RESULTS

Preparation of platelets

Blood samples were collected from 10 healthy volunteers (5 men, 5 women), aged
24 to 54 years (38 ± 9 years, mean ± SD), who were not taking any medications.
All donors in this study had a platelet count greater than 150,000/μL, and the
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mean hematocrit was 42% ± 4% (SD). In Table 1, the characteristics of the PRP
preparation for the three devices are compared. With each device, we found
that platelet numbers significantly increased compared with the baseline 
donor platelet count for the CS, GPS (p < 0.001), and AGF (p < 0.05) devices. 

System WB PLT conc. PRP PLT PLT increase Baseline PLT Yield
(x 103/μL) (x 103/μL) (%)

CS 219 ± 81 1051 ± 276* 4.9 ± 0.7 48 ± 12*
GPS 219 ± 81 569 ± 247* 2.8 ± 1.1 36 ± 15
AGF 1051 ± 276 1222 ± 326¶ 1.2 ± 0.1 32 ±11

Table 1. Characteristics of platelet rich plasma production.

All values represent the mean ± SD. * p < 0.001; ¶ p < 0.05.

(AGF: autologous growth factor filter; CS: Electa cell-saver; GPS: gravitational platelet

sequestration device; Platelet increase Baseline: is a value representing the increase in

PRP platelet count compared to the baseline platelet count. PLT: platelet; PRP: platelet-

rich plasma; WB: whole blood).

After comparing the mean PRP platelet counts, it was noted that PRP
prepared using the CS contained significantly more platelets (p < 0.001) than
preparations using the other two Furthermore, the CS resulted in a significantly
higher platelet yield than those obtained using the GPS and AGF: 47%, 36%,
and 32%, respectively. The relative increase in platelet count above baseline
platelet count in the whole blood sample was the lowest for the AGF, despite
the fact that the PRP volume was reduced 2.5-fold with the AGF.

Platelet activation during PRP preparation

Activated platelets were shown to release bèta-thromboglobulin; these results
are shown in Table 2. The bèta-thromboglobulin levels for both the CS and GPS
were not statistically different following PRP preparation. After PRP activation
by autologous thrombin, release was 10-fold higher than in non-activated PRP
(p < 0.001 for both systems). PRP storage had no significant effect on platelet
activation. In contrast with the CS and GPS, we noted a significantly higher
bèta-thromboglobulin concentration after filtration procedure in the concentrated
PRP (p < 0.001) using the AGF. When the concentrated PRP was activated by
thrombin, only a minor release could be measured, indicating less residual platelet
activation.
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System PRP After 75 min
Non-activated Thrombin activated storage PRP

CS 1,666 ± 1058 24,207 ± 13117* 2,420 ± 1443
GPS 1,741 ± 1417 23,130 ± 10820* 2,164 ± 1407
AGF† 26,574 ± 10185* 38,629 ± 14732 N/A

Table 2. Bèta-thromboglobulin activation (IU/mL) during platelet rich plasma separation.

Values represent the mean ± SD. †AGF product is concentrated PRP. * P < 0.001.

(AGF: autologous growth factor filter; CS: Electa cell-saver; GPS: gravitational platelet

sequestration device; IGF: insulin-like growth factor; PRP: platelet-rich plasma; VEGF:

vascular endothelial growth factor).

Growth factor release into the PRP supernatant

In Table 3, the IGF-1 and VEGF data are shown. Low levels of IGF-1 were detected
in the supernatants from non-activated PRP and did not significantly increase
after the addition of thrombin with any of the three devices. Mean VEGF
concentrations were detectable in the PRP of the CS and GPS (204 ± 53 ng/mL
and 191 ± 36 ng/mL, respectively) and in the concentrated PRP of the AGF (250
± 80 ng/mL). 

System IGF-1 PRP (μg/L) VEGF PRP (ng/L)
Non-activated Thrombin activated Non-activated Thrombin activated

CS 100 ± 29 87 ± 34 204 ± 53 144 ± 49
GPS 99 ± 29 107 ± 29 191 ± 36 191 ± 37
AGF† 132 ± 32 102 ± 35 250 ± 80 219 ± 58

Table 3. Insulin-like growth factor and vascular endothelial growth factor concentrations after

platelet rich plasma separation and thrombin activation.

All values represent the mean ± SD. †AGF product is concentrated PRP.

(AGF: autologous growth factor filter; CS: Electa cell-saver; GPS: gravitational platelet

sequestration device; IGF-1: insulin-like growth factor-one; PRP: platelet-rich plasma;

VEGF: vascular endothelial growth factor).

The results in Table 4 reflect the PDGF-AB and TGF-β1 levels after PRP,
concentrated PRP preparation, and subsequent platelet gel production. Compared
to the CS and GPS, we observed significantly increased levels of both PDGF-AB
and TGF-β immediately after concentrated PRP preparation using AGF (p < 0.001).
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After activation by thrombin, the PRP of the CS and GPS resulted in a significant
increase in growth factor release (p < 0.001) when compared with the AGF. The
largest increase was observed by the release of PDGF-AB (more than 18-fold
compared with the PRP levels). 

System PDGF-AB (pg) TGF- β1 (pg)
Non-activated Thrombin activated Non-activated Thrombin activated

CS 8982 ±1899 145,995 ± 61,259* 2,501 ± 899 8,798 ±2301*
GPS 4194 ±1009 109,908 ± 48,885* 1,379 ± 785 4,102 ± 1734¶

AGF† 151,766 ± 47,989* 119,747 ± 48,723 5,389 ±1452* 3,285 ±1288

Table 4. Platelet derived growth factor AB and transforming growth factor bèta1 values after

platelet-rich plasma separation and thrombin activation.

Values represent the mean ± SD. †AGF product is concentrated PRP. * p < 0.001;
¶ p < 0.05.

(AGF: autologous growth factor filter; CS: Electa cell-saver; GPS: gravitational platelet

sequestration device; PDGF-AB: platelet derived growth factor AB; TGF-β1:

transforming growth factor bèta).

DISCUSSION

In this study, we observed that the PRP devices particularly differ in their abilities
to collect concentrated and non-activated platelets from whole blood for the
enrichment of PRP. High concentrations of PDGF-AB and TGF-β were released
after PRP activation by autologous thrombin.

Under normal circumstances, wound healing is initiated through platelet
activation and aggregation in the presence of calcium and thrombin, generating
a fibrin clot in which a matrix for migration of tissue-forming cells will be
formed18. During the wound healing cascade, platelets are trapped and
activated, resulting in the release of growth factors present in the α-granules of
the platelets19. The effects of autologous concentrated platelet growth factors,
delivered as a platelet gel, have been studied to some extent during various
surgical procedures11-16. At present, no standardized protocols for peri-operative
harvesting of PRP and subsequent platelet gel application have been
formulated, although the number of PRP-producing devices is increasing. The
currently available PRP processing devices have rarely been validated with
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ample information for the clinician concerning the quality of the manufactured
PRP and the growth factor content of the platelet gel20,21. Zimmerman and co-
workers discussed this lack of standardized protocols. They applied standard
blood bank criteria to investigate different methods for the preparation of platelets
and identified factors that influence the production of platelet gel22. It was our
objective to compare platelet collection efficiency, monitor platelet activation
during PRP preparation, and observe platelet growth factor release after PRP
activation using three different commercial point-of-care devices. The technical
design and operating principles of the devices that produce PRP are completely
different, but are all presently being used in clinical settings. The use of the CS
demands larger whole blood volumes to prepare PRP. We routinely use this
device either in combination with red cell salvage techniques, or when larger
platelet gel volumes are therapeutically indicated. The advantage of this device
is that the disposable kit can be used repetitively to sequester whole blood.
Furthermore, all produced blood components are retransfused to the patient
using aseptic techniques to avoid contamination. The GPS is a low-volume
device and prepares therefore small PRP volumes. The disposable set can be
used once. Due to the construction of the GPS blood separation chamber, the
manufacturer recommends sterile gloves be worn during the PRP collection
steps, which is performed manually. The AGF is a modified hemoconcentrator
that requires PRP be prepared using a cell salvage device for further PRP
concentration. Nevertheless, in some papers, the effect of applying concentrated
PRP to tissues to increase growth factor delivery revealed no effect23-26. To
account for the device differences in preparation volume, and therefore PRP
volume, we calculated the total amount of growth factors rather than measuring
the individual concentrations of PDGF-AB and TGF-β.

The results of our investigation are to some extent in accordance with the
data of Kevy and Jacobson21. We showed that the overall platelet collection
efficiency and platelet count of the PRP were dissimilar for the three devices.
The cell-salvage device significantly showed the highest platelet recovery
(platelet yield of 48%) and the highest platelet count in the PRP than the other
two devices. The lowest platelet yield was measured in the AGF device. Despite
the fact that the actual PRP volume of the AGF system was decreased by a factor
of 2.8, we did not observe an equal rise in platelet counts, which means that
platelets were lost during the concentration process. Weibrich et al. performed
similar studies using the PCCS™ system and the Anitua Platelet-Rich-in-Growth
Factor Kit20. They also demonstrated significantly different platelet collection
efficiencies and platelet counts, supporting our impression that there might be
a large variation among devices for the harvest of PRP.
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In our study, we observed that the different platelet harvesting methods had a
significant effect on the activation of PRP and platelet growth factor release
from the platelet gel. Therefore, it is critical to validate and understand the PRP
preparation process before platelet gel techniques are applied to patients. To
evaluate the quality of the PRP preparation process, we monitored platelet
activation. An established in-vivo method to measure platelet activation is the
detection of bèta-thromboglobulin as a marker of platelet activation. The AGF
system showed the highest bèta-thromboglobulin release after PRP processing.
In our opinion, this finding might be the result of the repetitive passes of the
platelets through the micro porous fibers of the hemoconcentrator. The platelets
adhere to the surface of the hollow fibers, a phenomenon that is well described
with the use of these devices during dialysis27. This is the most likely reason
why the increase in platelet count of the concentrated PRP was not in
accordance with our expected 2.8-fold increase in platelet count. In contrast to
this finding, we noticed that PRP obtained with the other two systems
demonstrated minimal platelet activation, even after a 75-min storage period.
When PRP was activated by thrombin, platelet gel was formed and platelets
were immediately activated as measured by bèta-thromboglobulin levels that
increased 12.3- and 13.5-fold compared with the PRP levels for the GPS and
CS devices, respectively. The concentrated PRP of the AGF showed only a 3.2-
fold increase in platelet activation, indicating that the vast majority of platelets
in the concentrated PRP had been activated before platelet gel was prepared. 

During clinical platelet gel applications, concentrated and activated
platelets are exogenously applied to wound sites where they adhere to tissues
and start to degranulate, resulting in the release of platelet growth factors. Slater
et al. and Spencer and co-workers have demonstrated that platelet growth
factors have mitogenic and chemotactic properties that may contribute to
improved wound healing19,28. Therefore, it is important that platelet gel applied
in-vivo can deliver viable growth factors. This ability decreases when PRP
becomes activated in-vitro before platelet gel is delivered to tissues. For this
reason, we measured platelet growth factor concentrations after the preparation
of PRP and concentrated PRP and after activation by autologous thrombin.
Compared to the levels of growth factors found with the use of the CS and GPS
systems, we observed a significant increase in PDGF-AB and TGF-β
concentrations in the concentrated PRP samples, strongly suggesting premature
growth factor release prior to thrombin activation with the concentrated PRP
method. Therefore, less PDGF-AB and TGF-β was measured in the platelet gel
supernatant when compared to the other two devices. The AGF end product is
therefore not a viable platelet concentrate but rather a platelet releasate. After
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activation by autologous thrombin, a significant increase in PDGF-AB and TGF-β
levels was measured in the platelet gel supernatants of both systems, whereas
the platelet gel in accordance with the results of our bèta-thromboglobulin
measurements, indicating massive platelet activation following the use of the
AGF system and only a minor response to autologous thrombin activation. 

As demonstrated by Weibrich et al, the IGF-1 concentrations in PRP as
well as in platelet gel were not statistically different and remained very low29.
An explanation for this observation might be that IGF-1 released from platelets
is very low since the plasma pool of IGF-1 is greater than the platelet pool and
that IGF-1 is primarily excreted by the liver into the plasma30. The mean VEGF
values after activation by thrombin were almost similar in PRP and
concentrated PRP levels, suggesting that activation by autologous thrombin and
calcium does not significantly increase VEGF release during the incubation
period.

In conclusion, we studied three different methods to obtain PRP for the in-
vitro production of platelet gel. Our findings indicate that PRP can be
sequestered and concentrated 5-fold from one unit of whole blood. Moreover,
a comparison of the devices demonstrated discrepancies in both quality of the
PRP preparation method and quantity of platelet growth factors released after
thrombin activation. With the CS and GPS systems, we could reproduce
consistent data regarding growth factor release, specifically for PDGF-AB and
TGF-β. However, the AGF system appeared to generate concentrated, but
activated, platelets that released growth factors prior to the preparation of
platelet gel. Although our study was not directed toward measuring biological
effects of platelet gel, it is likely that the clinical effectiveness of platelet gel
prepared with the AGF device is lower than those of the two other systems.
Acceptance of standardized protocols for PRP enrichment and subsequent
platelet gel application should be instituted in order to achieve and maintain a
high quality biological product. Further research is mandatory to assess the
healing applications of platelet gel and to determine its effects in a variety of
medical disciplines. 
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ABSTRACT

Three commercial systems for whole blood separation were compared to obtain
the buffy coat composed of platelet rich plasma and leukocytes (BC-PRP). These
samples of the buffy coat were employed to make a platelet gel (PG). This was
used to measure platelet growth factor (PGF) release, to perform a white blood
cell (WBC) count and to measure myeloperoxidase release from WBC’s.

Aliquots of whole blood obtained from ten volunteers were distributed
either to a blood cell separator (E-CS) or a table-top centrifuge (GPS) to prepare
the BC-PRP. The third system combines the BC-PRP production by E-CS with a
micro porous filter (AGF) to enrich for the BC-PRP. Autologous thrombin was
used to activate the BC-PRP and prepare platelet gel and subsequently
degranulate the platelet concentrate. High levels of PDGF-AB and TGF-β1 were
present after thrombin activation of the E-CS or GPS prepared samples. However,
the AGF prepared samples released their growth factors prior to thrombin
activation.

The WBC’s were significantly increased with each of the three systems.
Contrary to the AGF, no leukocyte degranulation occurred with the E-CS or GPS
prepared samples, based upon the low myeloperoxidase concentrations in the
BC-PRP.

The three types of apparatuses had different harvesting capacities for
collecting the enriched platelets and the release of high concentrations of PGF.
When the E-CS and GPS, but not the AGF, were used, low levels of myeloperoxidase
were maintained in the platelet gel, which potentially contributes to anti-
microbial properties of platelet gel at the site of application.
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INTRODUCTION

Platelet gel (PG) is prepared from a unit of freshly drawn autologous whole
blood and contains a mixture of a high concentration of activated platelets in a
small volume of plasma, thrombin and white blood cells (WBC’s)1. Blood
collected from a patient is placed in an apparatus for the centrifugation of whole
blood to obtain the buffy coat, containing a combination of platelet rich plasma
and leukocytes (BC-PRP). The preparation of PG is a relative simple procedure;
BC-PRP is mixed with thrombin to form a sticky cloth. The (autologous) thrombin
activates the platelets which result in the release of growth factors’ (GFs) content
by the platelet α-granules locally. It is well known that platelets contain a large
variety of growth factors each having a specific function2-6. Recently, PG has
been exogenously applied to injured tissues in attempts to control any bleeding,
to support soft tissue and bone healing processes, and is used for wound care,
oral-maxillofacial, and orthopedic surgeries7-11. A suggested advantage of PG is
that autologous GF and other proteins are released from the PG, providing a
matrix for the migration of tissue-forming cells into the injured tissues12.

It has been reported that platelet growth factors (PGF) have mitogenic and
chemotactic properties which may contribute to improved wound healing13. PG
has been cited in publications as a technique for the local delivery of GF.
However, little attention has been given to the role of the WBC, despite the fact
that PG is a buffy coat product, including both neutrophils and monocytes
containing high levels of myeloperoxidase (MPO), which might contribute to
bacterial killing14. Theoretically, PG might be an ideal autologous prepared
biological blood product, rich in growth factors with enhanced antimicrobacterial
capabilities. The purpose of this study was to compare several properties of the
BC-PRP from ten healthy volunteers, prepared using three different commercially
available devices which are currently clinically used to prepare PG, and
specifically focused on the most important PGF and on WBC-derived MPO.

MATERIAL AND METHODS

Study design

The protocol was approved by the Institutional Ethics Committee of the Catharina
Hospital (Eindhoven, The Netherlands). After a written informed consent was
obtained, blood was drawn from normal healthy unmedicated volunteers, 
5 men, 5 women aged 24 to 54 years. Each volunteer was assigned a number,
enabling a reviewer to identify and compare the test results. 
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Materials

Three different devices were used to make the BC-PRP. The Gravitational Platelet
Sequestration System™ (GPS) (Biomet Co, Warsaw, IN, USA) is a miniaturized
centrifuge system for obtaining from whole blood a plasma rich fraction after
centrifugation at 1720 x g for 12 minutes. The Electa Cell-Separator ™ (E-CS) (Sorin
Group, Mirandola, Italy) is an intraoperative blood salvage device that uses a
Latham bowl to separate the BC-PRP from the whole blood. Modified software is
utilized for apheresis11. To collect the BC-PRP of the E-CS, a single centrifugation
procedure with a 125 mL bowl was performed. The centrifugation process involves
a 1660 x g and a 305 x g for 15 and 3 minutes, respectively. The Autologous Growth
Factor filter™ (AGF) (Interpore Cross® Irvine CA, USA) is a micro porous hollow
fiber filtration device, with a molecular cut off of 30 kD, which uses a specific gas
piston chamber to filter the BC-PRP preparation through the AGF. All three
apparatus were used according to the manufacturer’s instructions.

PRP preparation 

A 17 G needle intravenous catheter was inserted into the median cubital vein
and 53 mL of whole blood was slowly drawn into a 60 mL syringe pre-filled
with 7 mL of anticoagulant citrate dextrose A solution (ACD-A) to make PRP
with the GPS. The syringe was inverted five times to ensure proper mixing with
the anti-coagulant. Another 375 mL of blood was passively drained into a blood
bag containing citrate-phosphate-adine anticoagulant preservative (CPDA) and
used for BC-PRP preparation with the E-CS programmed for obtaining platelets.
A portion of the BC-PRP obtained with the E-CS equipment was passed through
the AGF to concentrate the BC-PRP (cBC-PRP) by removing water.

Platelet gel production

The BC-PRP from the E-CS was divided in 3 aliquots. A 4 mL sample was used
to prepare the autologous thrombin (AT)11 a 3 mL sample was kept for PG
production, and the remainder concentrated with AGF-F to produce cBC-PRP.
The BC-PRP from the GPS was solely used to prepare PG (Figure 1). 

To activate the PRP, autologous thrombin was produced from PRP. AT was
produced by mixing 4 mL of PRP with 0.17 mL of calcium chloride 10%, to
antagonize the anti-coagulative effect of the citrate present in the PRP. This
mixture was injected in a glass Petri dish which activates platelets to form a
cloth. After 30 minutes a cloth is formed inside the glass dish, which is manually
squeezed. The cloth debris is left behind in the dish and the liquid part,
containing AT, is aspirated in a syringe. The PRP is mixed with the AT at a ratio
of 1 mL AT to 4 mL PRP to make PG.
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Figure 1. Study diagram showing platelet-rich plasma preparation and platelet gel production.

(AGF: autologous growth factor filter; AT: autologous thrombin; BC-PRP: buffy coat

platelet-rich plasma; cBC-PRP: concentrated buffy coat platelet-rich plasma; E-CS:

Electa cell-saver; GF: growth factor; GPS: gravitational platelet sequestration system;

MPO: myeloperoxidase; PG: platelet gel; WB: whole blood; WBC: white blood cell

count).

Determination of growth factor concentrations and leukocyte counts

GF concentrations in whole blood, BC-PRP, cBC-PRP and the PG supernatant
were determined by a commercially available enzyme-linked immunosorbent
assay kit (ELISA) (R&D Systems, Minneapolis MN, USA) that had been validated
for measuring PDGF-AB (Quantikine PDGF-AB) and TGF-β1 (Quantikine TFG-
β1), according to the manufacturer’s instructions. Myeloperoxidase was also
determined by ELISA (IBL GmbH, Hamburg, Germany). The ELISA procedures
were programmed in an automated analyzer (Coda Automated EIA™ analyzer;
Bio-Rad Laboratories, Hercules CA, USA). Samples were measured in duplicate,
and in appropriate dilutions prepared as required for fitting the respective
calibration curves. Repeat analysis was performed when differences between
duplicates were larger than 10%. Platelet count, white blood cell and differential
counts were assessed with a fully automated analyzer (Cell-Dyn™ 4000,
Abbott Diagnostics, Santa Clara, CA, USA), using a combination of optical and
impedance methods for all blood samples. Platelets were counted in the
impedance channel only, since this, in contrast to the optical method, is not
affected by platelet activation.

Statistical method

Statistical analysis utilized SAS statistical software (SAS Institute, Cary NC, USA
2003). Data were expressed as mean ± one standard deviation. 
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Differences between samples within an individual were analyzed using
the paired t-test. These differences were averaged within device type and
analyzed using the unpaired t-test. P values ≤ 0.05 were considered to be
significant. 
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Device PDGF-AB (pg/mL) TGF- ß1 (pg/mL)
BC-PRP PG BC-PRP PG

E-CS 1,996 ± 128 34,984 ± 1,489*† 903 ± 95 2,110 ± 164*¶

GPS 1,470 ± 67 25,440 ± 1,106* 632 ± 58 945 ± 47*
E-CS+AGF 33,726 ± 1,271§ 40,180 ± 1,221 1,198 ± 83§ 1,167 ± 54

Table 1. Platelet-derived growth factor-AB and transforming growth factor-ß1 concentrations in

the buffy coat platelet-rich plasma and after platelet gel production.

Data are represented as mean ± standard deviation in picograms. † p < 0_001 vs. E-CS

and GPS. ‡ p < 0.001 vs. BC-PRP. § p < 0.05 vs. GPS.¶ p < 0.05 vs. GPS.

(AGF: autologous growth factor filter; BC-PRP: buffy coat platelet-rich plasma; E-CS:

Electa cell-saver; GPS: gravitational platelet sequestration system; PDGF: platelet-derived

growth factor; PG: platelet gel; TGF: transforming growth factor, pg: picograms).

E-CS
BL BC-PRP PG

WBC 4.6±0.9 14.3±3.6*§ 0.6±0.1*
Basophils 0.04±0.01 0.04±0.01 0
Eosinophils 0.12±0.07 0.05±0.01 0
Lymphocytes 1.9±0.5 8.5±2.6* 0.5±0.08*
Monocytes 0.5±0.2 1.9±0.9* 0*
Neutrophils 2.1±0.7 4.9±1.2*§ 0*

Table 2. Total and differential white blood cell counts (per nL)

Data are represented as mean white blood cell count value and differential white blood 

cell count values counted per nanolitres. † p < 0.001; .‡ p < 0.05 vs. AGF; § p < 0.05;

¶ p < 0.05 vs. BL. (AGF: autologous growth factor filter; BL: baseline value;

BC-PRP: buffy coat platelet-rich plasma; E-CS: Electa cell-saver;

GPS: gravitational platelet sequestration system; PG: platelet gel;

WBC: white blood cell count).



RESULTS

Collection of buffy coat platelets

Ten healthy donors, (38 ± 9 years age, mean ± SD) volunteered to participate in
the study. The donor platelet count of whole blood was 219.000 ± 81.000/μL
(mean ± SD). The platelet count of the BC-PRP was 1.051.000 ± 276.000/μL (p
< 0.001) for the E-CS preparation and was 569.000 ± 247.000/μL (p < 0.05) for
the GPS preparation method. After concentrating with the AGF the cBC-PRP
platelet count was 1.222.000 ± 326.000/μL, a non significant increase
compared to the BC-PRP produced by the E-CS.

Growth factor release in PRP and platelet gel

The quantitative information about the growth factor levels are provided in
Table 1. Relatively low levels of PDGF-AB were detected in the BC-PRP
samples prepared by E-CS. This is in contrast with the significantly increased
PDGF-AB level found after processing in the AGF in the cBC-PRP (p < 0.001). The
addition of autologous thrombin to the BC-PRP caused a significant increase in
PDGF-AB release both in the E-CS and GPS preparations (p < 0.001), but not in the
AGF concentrated samples (p = 0.11; Table 1). TGF-β1 levels in the BC-PRP were
2.501 ± 899 pg for the E-CS preparation and 1.385 ± 785 pg for the GPS
preparation method. In the AGF concentrated BC-PRP, there was a significantly
higher TGF-β1 level than with the other two systems (p < 0.001). After addition of
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GPS E-CS+AGF
BL BC-PRP PG BL BC-PRP PG
4.6±0.9 11.3±3.7*§ 0.6±0.5* 14.3±3.6 17.4±5.2 1.0±0.9*
0.04±0.01 0.04±0.01 0 0.04±0.01 0 0
0.12±0.07 0.06±0.02 0 0.05±0.01 0 0
1.9±0.5 5.9±2.1* 0.4±0.1* 8.5±2.6 12.2±3.5±† 0.9±0.7*
0.5±0.2 1.2±0.5* 0* 1.9±0.9 2.6±1.4 0*
2.1±0.7 4.2±1.9*§ 0.1±0.05* 4.9±1.2 2.5±1.4±¶ 0*



autologous thrombin, there was approximately a three fold increased of TGF-β1 in
the platelet gel prepared from the E-CS and GPS preparations, (p< 0.001), but not in
the AGF concentrated buffy coat. 

White blood cell kinetics

The total and differential leukocyte counts are shown in Table 2. The WBC was
1.3 to 3.1 fold increased in the cBC-PRP and BC-PRP as compared to the whole
blood values. The WBC count was significantly increased in the BC-PRP of the
E-CS and GPS preparations (p < 0.001) as compared to the AGF. The WBC yield
was similar for the E-CS and the GPS preparations but was significantly less for
the AGF. The differential WBC counts show a marked increase in monocyte and
lymphocyte concentrations (p < 0.001) and a moderate , but significant, increase
in neutrophils (p < 0.05), whereas no significant increase was seen in the cBC-
PRP prepared with the AGF. The highest yield for neutrophils, lymphocytes, and
monocytes of 2.6, 7.4 and 2.5 respectively was found in the E-CS preparation
as compared to the two other preparations.
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Figure 2. Myeloperoxidase release, comparing base line values after buffy coat platelet-rich

plasma preparation and after platelet gel production (in ng/mL).

* p < 0.001; † p < 0.001 vs. E-CS and GPS.

(BL: baseline; BC-PRP: buffy coat platelet-rich plasma; E-CS: Electa cell-saver; GPS:

gravitational platelet sequestration system; PG: platelet gel).



The total WBC was decreased from 14.3 ± 3.5/nL and 11.3 ± 3.6/nL in the buffy
coat to 0.6 ± 0.4/nL and 0.6 ± 0.5/nL in the platelet gel supernatant formed
from the E-CS and GPS preparations respectively (p < 0.001). The total WBC
was very low, therefore, only very few neutrophils, monocytes and lymphocytes
could be detected in the platelet gel. 

No significant differences were found between the MPO concentrations in
the BC-PRP and whole blood. The MPO concentration in the cBC-PRP was
significantly increased as compared to the baseline sample (p < 0.001), indicating
white blood cell activation (Figure 2). 

DISCUSSION

It was shown that the platelet concentration may differ in the buffy coat prepared
by different apparatus. The production of a platelet gel and release of platelet
growth factors is also influenced by the different preparation methods. Similar
to the platelet counts, the WBC and differentiated leukocytic cell count are also
influenced by the different methods employed. Furthermore, concentrating the
buffy coat contributes to leukocyte activation as measured by MPO activity.
Our objective was to learn if different BC-PRP preparation techniques result in
different platelet growth factor release. In addition, we wanted to investigate
leukocyte kinetics because PG is a composite product, including platelet growth
factors and differentiated leukocytic cells, which might have antimicrobacterial
properties.

Normally, wound healing is initiated by the generation of a fibrin clot in
which a matrix for migration of tissue-forming cells will be available15, trapping
platelets that can release their α-granule growth factors13. The application of PG
has been utilized to some extent for a variety of experimental and clinical
procedures to enhance healing processes, to promote bone growth and as an
exogenously applied haemostatic control technique8,7,11. To account for the
differences in preparation volume of the three used device, and thus the
produced BC-PRP volume, we decided to calculate the total amount of PDGF-AB
and TGF-β growth factors rather than merely measuring their concentration
alone. The results of our investigation are similar to previously published data
16,17. We measured significantly different PDGF-AB and TGF-β levels in the BC-
PRP obtained using three different procedures. Furthermore, activation of the
buffy coats resulted in varying growth factor levels. Moreover, we were unable
to demonstrate a significant correlation between the platelet count and the
platelet growth factors. In comparison with the results obtained with the other
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two procedures, we found that the AGF preparations had the lowest additional
platelet recovery and PDGF-AB and TGF-β1 growth factor release. In our
opinion, this might be the result of the recurring passage of the platelets and
leukocytes through the fibers of the AGF filtration system used to concentrate
the BC-PRP. We assume that these platelets and leukocytes become activated
and released their growth factors as demonstrated by the high PDGF-AB and
TGF-β levels in the cBC-PRP. A similar phenomenon was described with
dialysis 18. 

Information is available on PG applications in which concentrated and
activated platelets are exogenously applied to wound sites in order to adhere to
tissues and to initiate wound healing19,8. However, there is little data available
on studies addressing the WBC content present in the PG, and a potential effect
to act as an anti-microbial component, in addition to the platelet gel delivery of
platelet growth factors. 

It was shown in this study that BC-PRP is a buffy coat product consisting not
only of platelets containing PGF, but also of concentrated leukocytes with neutrophils,
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Figure 3. Illustration of buffy coat platelet-leukocyte gel.

Platelet-leukocyte gel, containing activated platelets, releasing their granule contents,

and a neutrophilic granulocyte with lysosomes, filled with myeloperoxidase for

bacterial killing (phagocytosis).



monocytes, and lymphocytes abundantly present in the BC-PRP (Figure 3). In-vivo,
the neutrophils and macrophages are responsible for the phagocytosis of foreign
pathogens. This system appears to represent one of the most important host
defenses against infection20. Neutrophils are rich in granules containing MPO
which is released into the tissues after activation and degranulation. There, MPO
catalyzes the oxidation of chloride to generate hypochlorous acid and other
reactive oxygen derivates. These substances act as potent bactericidal oxidants,
and are toxic to micro organisms and fungi14. Our study showed that the amount
of neutrophils and monocytes are significantly elevated in the BC-PRP, whereas the
ratio of these cells is altered when compared to the baseline whole blood values.
This could be due to the recovery of monocytes being two times higher when
compared to the increase in neutrophils. The neutrophils and monocytes are still
highly viable as demonstrated by low MPO concentrations as measured in the BC-
PRP of the E-CS and GPS preparations. In contrast, the AGF system appears to
activate the leukocytes as shown by increased MPO levels measured in the cBC-
PRP. This observation is in accordance with the data on the release of PDGF-AB
and TGF-β1 levels after platelet concentration using the AGF. Therefore, it is
tempting to speculate about the antibacterial capacity of the exogenously
applied PG to tissues, despite the lack of intact WBC in the platelet gel
supernatant. Nevertheless, we assume that the neutrophils and monocytes were
not activated by the addition of thrombin, based upon the observed low MPO
concentrations in the platelet gel supernatant. In our opinion, we were unable to
measure the WBC because leukocytes might have been trapped in the fibrin
strands of the platelet gel cloth. Interestingly, recent evidence supports the
concept that platelets are also involved in microbicidal activity, since it has been
demonstrated that they play a role in the platelet host defense mechanism by
releasing a variety of platelet microbicidal proteins (PMP)21,22. 

In animal and human studies, PMPs were released after platelet activation
by thrombin, demonstrating potent activities against pathogens that have a
tendency to enter the blood stream23. In addition, there are no reports of PMP
activity in BC-PRP.

In conclusion, we studied the release of the platelet growth factors PDGF-
AB and TGF-β1 using three different methods of BC-PRP preparation employed
for the in-vitro production of platelet gel. The findings show that platelets can be
harvested from whole blood with an increased concentration of platelets in the
BC-PRP. However, a comparison of the several apparatus used revealed
inconsistencies in the quality of the BC-PRP, and respective quantity of different
growth factors which can be released by thrombin activation. Clinical studies
have to assess the possible effects of exogenously delivered platelet gel growth
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factors in the healing processes. Furthermore, it appears that the MPO releasing
capacity of the neutrophils and monocytes is not much affected by the BC-PRP
preparation methods of the E-CS and GPS, but by the additional application of
the AGF. Therefore, platelet gel might contribute to the prevention of infection
due to its anti-microbial properties. Finally, research will be needed to explore
the possible anti-microbial effects of platelet gel and to determine if platelets or
leukocytes, or a combination of both, contribute to bacterial killing and to
infection prevention. 
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ABSTRACT

Background:

The use of platelet-leukocyte gel (PLG) to stimulate bone formation and wound
healing has been investigated extensively. As both platelets and leukocytes are
involved in the innate host-defense, we hypothesized that PLG might also have
antimicrobial properties. Therefore, the purpose of this study was to investigate
the antimicrobial activity of PLG against Staphylococcus Aureus in an in-vitro
experiment. To learn more about the role of myeloperoxidase (MPO), present in
leukocytes, in this process, MPO release was measured as well.

Methods:

Platelet rich plasma (PRP) was prepared from whole blood of 6 donors. In this
process platelet poor plasma (PPP) was obtained as well. PLG was prepared by
mixing PRP with either autologous (PLG-AT) or bovine thrombin (PLG-BT). The
antimicrobial activity of PLG-AT, PLG-BT, PRP and PPP was determined in a
bacterial kill assay, containing 1x106 CFU/mL of S.Aureus, during a 24-hour period.
MPO release was measured using the same set-up and performing an MPO-ELISA.

Results:

Cultures showed a rapid decrease in the number of bacteria for both PLG-AT and
PLG-BT, which was maximal between 4 and 8 hours, when approximately 1%
of the bacteria present in the control group were left. Although all groups
induced a significant decrease compared to the control (p < 0.001), the effect of
PLG-AT was largest (p = 0.093 vs. PLG-BT; p = 0.004 vs. PRP and p < 0.001 vs.
PPP). PLG-AT, PLG-BT and PRP showed a comparable, gradually increasing
MPO release for 8 to 12 hours. Some MPO was also measured in the PPP
samples. No correlation between MPO release and bacterial kill could be found.

Conclusions:

PLG appears to be a potentially useful strategy against postoperative infections.
However, the current study only demonstrated its antimicrobial potential in an
experimental in-vitro set-up. Therefore further research should investigate other
topics, like its antimicrobial capacity compared to antibiotics and prove its
efficacy in combination with implants and in the in-vivo situation.

Clinical Relevance:

This study shows that PLG can potentially serve as an antimicrobial agent against
postoperative infections.
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INTRODUCTION

The use of autologous platelet-leukocyte gel (PLG) is a relatively new peri-operative
technology, which is currently being used by a variety of surgical specialties1-3.
The primary clinical applications are the support of soft tissue wound healing,
the stimulation of bone formation and the control of postoperative bleeding4-7.
PLG, prepared from a unit of whole blood, is a mixture of platelet rich plasma
(PRP), leukocytes, thrombin, and plasma proteins8. Thrombin is added and activates
the platelets to form viscous platelet clot, which results in degranulation and
release of platelet growth factors, present in the α-granules of platelets. These
autologous platelet growth factors initiate migration to and proliferation of cells
at the wound sites. The effect of the released autologous platelet growth factors
on tissues has been investigated extensively9,10.

PRP is a buffy coat product, which apart from being enriched in platelets also
contains a high concentration of viable neutrophilic polymorphonuclear leukocytes
or neutrophils. These cells play an important role in the innate immune defense
against infections8. Activation of neutrophils results in the so-called respiratory
burst, during which the highly bactericidal hypochlorous acid is formed through
the action of myeloperoxidase (MPO), an enzyme produced mainly by neutrophils
and monocytes11. Previous research suggested that this oxidative killing, compared
to the non-oxidative killing, which is also present, contributes for the largest part
to the antibacterial effect of neutrophils and that MPO plays an essential role in
this process12. Furthermore, it has been demonstrated that platelets also have an
antimicrobial efficacy, as they contain multiple antimicrobial peptides13,14.

For these reasons it can be hypothesized that PLG, as an engineered,
biological blood product, has enhanced antimicrobial capabilities, in addition
to the effects of the platelet-derived growth factors that support healing. If so, it
could be used as an antimicrobial agent in the prevention or treatment of
orthopaedic, implant-related infections. Despite the enormous amount of
publications on PRP and PLG during the recent years, no studies were published
that investigated this potential antimicrobial activity. 

The purpose of the current study was to first investigate the antimicrobial
activity of PLG against Staphylococcus Aureus in an in-vitro experiment. To
learn more about the role of MPO in this process we also determined the
release of MPO in the different blood products.
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MATERIALS AND METHODS

Donors

The Medical Ethical Review Committee of the University Medical Center Utrecht
agreed to the study protocol. From 6 healthy, unmedicated volunteers (3 male,
3 female) blood was obtained by inserting a 17 G intravenous infusion line into
the median cubital vein.

PRP preparation method

Two 60 mL syringes were pre-filled with 7 mL of anticoagulant citrate dextrose
A solution and 53 mL of whole blood was slowly drawn via the infusion line.
The syringes were inverted five times to ensure proper mixing with the anti-
coagulant to avoid blood clothing in the syringes. The total volume of 120 mL of
whole blood was injected in the whole blood collection reservoir of the Angel
Whole Blood Processing System™ (AWBPS; Sorin Group, Mirandola, Italy). 

The AWBPS is a semi-automated table-top centrifuge system using a flat-
disc, with a variable blood volume ranging from 60 to 180 mL, to sequester the
whole blood in components. Following centrifugation at 3,200 rounds per
minute (rpm) for 19 minutes, the platelet poor plasma (PPP) was removed and
the platelet rich plasma (PRP) was collected. 

An aliquot of 12 mL of PPP was isolated from the PPP collection bag and
used as the source to create autologous thrombin (AT). The erythrocyte concentrate
was collected separately. The remaining PPP volume and red blood cells were
discarded and not retransfused to the volunteers.

Autologous thrombin preparation method

AT was produced using the activAT™ system (Sorin Group, Mirandola, Italy).
The isolated PPP aliquot was mixed with an ethanol reagent solution.
Subsequently, this mixture was injected in an AT processing syringe containing
glass beads to initiate clotting of the PPP mixture. After 25 minutes, a solid clot
was formed in the processing syringe, which was then squeezed out through a
microporous filter into another syringe. The liquid part in this syringe contained
AT with a concentration of at least 50 IU/mL, which was in the range of
concentrations found previously for this system15.

Platelet-leukocyte gel production

PLG was produced shortly before application to the bacterial cultures. PRP was
mixed with AT in a 10:1 ratio to create PLG. As an alternative to AT, PRP was
also activated with bovine thrombin (BT, 500 IU/mL; Jones Pharma Inc, St
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Louis, MO, USA) in a ratio 10:1, to determine if there were any differences in the
source of platelet activator with regard to bacterial killing.

Determination of platelet and leukocyte counts

Platelet and leukocyte counts were measured in samples of whole blood,
erythrocyte concentrate, PRP and PPP as an estimate of the efficiency of the
PRP separation process using the AWBPS sequestration equipment. Platelet
count, white blood cell and differential counts were assessed with a fully automated
analyzer (Cell-Dyn™ 4000, Abbott Diagnostics, Santa Clara, CA, USA), using a
combination of optical and impedance methods for all blood samples. Platelets
were counted in the impedance channel only, since this, in contrast to the
optical method, is not affected by platelet activation.

Bacterial kill assay

One mL of phosphate buffered saline (PBS, control), PLG activated with AT (PLG-
AT), PLG activated with BT (PLG-BT), PRP or PPP was added to sterile tubes
containing 4 mL of Müller-Hinton broth (Oxoid Ltd, Basingstoke, UK), which was
inoculated with Staphylococcus Aureus Wood 46 (ATCC 10832). This strain of S.
Aureus has been previously used in several other infection studies16-19. The final
bacterial concentration after adding the sample was 1x106 colony-forming units
(CFU)/mL. After 1, 4, 8, 12, and 24 hours, a 50 μL sample was taken from each
tube and the antibacterial activity of MPO was inactivated by adding excess
catalase (Bovine catalase; Sigma-Aldrich, St Louis, MO, USA). Serial 10-fold
dilutions of each sample were made and 10 μL samples were plated in line pattern
on blood agar plates (Tryptic Soy Agar + 5% sheep blood; Beckton Dickinson,
Darmstadt, Germany) using a multi-channel pipette. After an overnight incubation
at 37°C the number of viable bacteria was counted (10logCFU/mL).

Release of MPO

To determine the release of MPO from the leukocytes in the different blood
products into the culture medium, the presence of MPO was measured. For
these measurements 200 μL PLG-AT, PLG-BT, PRP or PPP was added to sterile
vials containing 800 μL of Müller-Hinton broth, inoculated with Staphylococcus
Aureus Wood 46 (ATCC 10832) at a final concentration of 1x106 colony-
forming units (CFU)/mL. MPO release was measured after 1, 4, 8, 12, and 24
hours. For each time point a separate vial was used. At the corresponding times
point the vial was spun at 10,000 rpm for 3 minutes to pellet the bacteria and
blood cells. Subsequently multiple 200 μL samples of the supernatant were
stored at -20°C until analysis was done. To measure the presence of MPO, a
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commercial MPO-ELISA was performed (MPO ELISA Kit; Immundiagnostik AG,
Bensheim, Germany). This assay was performed according to the manufacturer’s
guideline.

All measurements were calculated based on the trend line obtained from
the commercial controls. A sample of inoculated Müller Hinton broth with 20%
v/v PBS was used as a negative control to correct for background activity. For
PLG-AT, PRP and PPP results are based on samples of 6 donors, for PLG-BT
samples from only 3 donors were available.

Statistical analysis

Results are reported as mean ± standard deviation. Analysis was performed using
either one-way ANOVA or repeated measures analysis. Tukey-HSD and Bonferroni
post hoc-testing was performed. P values < 0.05 were considered to be significant.

RESULTS

PRP collection

Six healthy donors with an age range of 22 to 44 years volunteered to participate
in the study. The donor platelet count of whole blood was 262 ± 26 (106/mL).
An average of 4.5 mL (range 4 to 5.5 mL) of concentrated PRP was obtained
after the whole blood sequestration with the AWBPS, representing a high
platelet yield of 64 ± 11% of the total circulating platelet concentration. This
concentrate was diluted with PPP to obtain a total PRP volume of 10 mL. The
platelet count of the diluted PRP was 1,688 ± 318 (106/mL), a significant
enrichment compared to the whole blood platelet count (p < 0.001). 

The leukocyte count increased 3.1 fold from the baseline value of 5.7 ±
0.4 (106/mL) in whole blood to 18.0 ± 1.2 (106/mL) in PRP, a significant
increase as well (p < 0.001). There was no enrichment of platelets or leukocytes
present in the PPP or erythrocyte concentrate (Table 1).

WB PRP PPP E-C
Platelets (106/mL) 262 ± 26 1688 ± 318* 18 ± 11 63 ± 22
Leukocytes (106/mL) 5.73 ±0.95 17.9 ± 2.62* 0.0 8.28 ± 4.43

Table 1. Platelet and leukocyte concentrations in different whole blood derived products

* p < 0.001

(WB: whole blood; PRP: platelet rich plasma; PPP: platelet poor plasma; E-C:

erythrocyte concentrate)
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Bacterial kill

Cultures showed a rapid decrease in the initial number of bacteria for both PLG-
AT and PLG-BT (Figure 1). Although less rapid and less pronounced, there also
was a decrease in the bacterial counts for the PRP and PPP samples. The
maximum decrease for PLG-AT and PLG-BT was seen after 4 hours when only
0.35 ± 0.18% and 1.03 ± 1.07% of the number of bacteria present in the control
group remained (Figure 2). For the PRP samples this maximum decrease was
seen after 8 hours, when 0.66 ± 0.49% compared to the control was present.

Figure 1. Bacterial killing and growth of Staphylococcus Aureus during 24-hour period.

(PLG-AT: platelet-leukocyte gel activated with autologous thrombin; PLG-BT: platelet-

leukocyte gel activated with bovine thrombin; PRP: platelet rich plasma; PPP: platelet

poor plasma)

PLG-AT and PLG-BT could maintain a plateau in the proportional decrease
compared to the control up to 8 hours. However, because the bacterial kill was
not complete in any of the groups, the absolute number of bacteria increased
again after the 4 hours time point, when growth rates started to exceed bacterial
kill. After 24 hours, bacterial growth had reached the stationary phase in all
groups.
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Although PLG-AT, PLG-BT, PRP and PPP all induced a significant decrease
in the number of bacteria compared to the control (p<0.001), the effect of PLG-
AT appeared to be the largest (p=0.093 vs. PLG-BT; p=0.004 vs. PRP and
p<0.001 vs. PPP). Although PLG-BT had an initial effect comparable to PLG-AT,
it was not significantly different from the other groups for the entire 24-hour
period. This can be related to the higher bacterial counts after 12 and 24 hours.

MPO release

The groups of PLG-AT, PLG-BT, and PRP all showed a gradual release of MPO
during the first hours (Figure 3). PLG-AT and PRP reached a maximum MPO
release after 8 hours, when concentrations of 474 ± 280 and 396 ± 198 ng/mL
were measured. PLG-BT reached its maximum after 12 hours when the MPO
concentration was 929 ± 989 ng/mL. Some MPO was also measured in the PPP
samples, with concentrations ranging between 1.2 ± 0.6 and 2.1 ± 1.0 ng/mL
during the 24-hour follow-up. No release of MPO was observed, but as no
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leukocytes were present in the PPP this also was not expected. A large variation
in the quantity of MPO released was observed between different donors at all
time points. This resulted in large standard deviations for all groups, except PPP.
As a consequence, only the difference between PLG-BT and PPP was statistically
significant (p=0.038). Even though the average MPO values of PRP and PLG-AT
were more than 200 times as high as in PPP they did not reach significance
(p=0.118 and p=0.442 vs. PPP).

To see whether there was a direct effect of MPO concentration present
and bacterial kill we correlated both outcomes (data not shown). However, at
no time point and for no experimental group a significant correlation between
these 2 parameters could be found.
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DISCUSSION

This experiment showed that platelet-leukocyte gel, activated with either
autologous or bovine thrombin, has a significant antimicrobial activity against 
S. Aureus. Although it did not result in a total kill using the current set-up, it did
reduce the absolute number of bacteria to less than 1% of the controls, up to 8
hours after administration. Although the absolute decrease in number of bacteria
was slower and to a lesser magnitude as compared to activated PLG, also non-
activated PRP and even PPP decreased bacterial growth. With regard to MPO
release it was observed that this was comparable for the different PLG and PRP
groups, whereas in the PPP group only a minor MPO concentration was
measured. Finally, MPO release showed to have no significant correlation with
the observed bacterial kill in any of the experimental groups.

The PRP produced was shown to be a buffy coat product, consisting not
only of a high concentration of platelets, but also of concentrated leukocytes,
composed of a mixture of neutrophils, monocytes, and lymphocytes. In-vivo,
the neutrophils and macrophages are responsible for the phagocytosis of
foreign pathogens. This system appears to represent one of the most important
host defenses against infection20. Neutrophils are rich in granules containing
MPO, which is released into the tissues after activation and degranulation.
There, MPO catalyzes the oxidation of chloride to generate hypochlorous acid
and other reactive oxygen derivates. These substances act as potent bactericidal
oxidants, and are toxic to microorganisms and fungi21. Most neutrophils and
monocytes were not damaged or activated during the PRP production. Their
viability was demonstrated by the low initial and rapidly increasing MPO
concentrations, which were measured in the Müller Hinton broth of the PLG
and PRP samples during the 24-hour period. In comparison, in the PPP only a
low and not increasing concentration of MPO was measured. Determination of
leukocyte counts of PPP showed that it contained no leukocytes. Therefore, the
measured MPO must be attributed to regular MPO release in plasma after
phagocytosis22,23, or originate from a minor number of leukocytes that did get
damaged or activated during the blood processing.

Interestingly, recent evidence supports the concept that platelets are also
involved in antimicrobial activity, since it has been demonstrated that they play
a role in the platelet host defense mechanism by releasing a variety of platelet
antimicrobial proteins (pAMP)14,24. In both animal and human studies, pAMPs
were released after platelet activation by thrombin and displayed potent
activities against blood borne pathogens11. However, until now no research was
published investigating the potential of pAMP activity in PLG or PRP.
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The bacterial culture assay used in the current study showed that PLG and PRP
indeed have an antibacterial effect. This effect was not only growth inhibitory,
but also bactericidal as shown by the reduction of the initial concentration of
bacteria, a decrease approximately of 100-fold for PLG. For this early antimicrobial
activity, it did not matter whether the PLG was activated with autologous or
bovine thrombin. In PRP a slower and less strong decrease in the absolute
number of bacteria was observed as well. Although not activated by thrombin,
the same amount of platelets and leukocytes as in PLG are of course present in
PRP. They will probably get partially activated by the presence of bacteria or release
antimicrobial peptides and MPO during degradation of these platelets/cells. The
antimicrobial effect of PPP can, at least in part, be explained by the low
concentration of platelets still present in PPP.

The strong antimicrobial effect of PLG seems to be limited to the first
hours after application. Although a proportional reduction of bacteria of
approximately 99% compared to the control could be maintained up to 8
hours, the absolute number of bacteria started to increase again after 4 hours.
After this time point, the logarithmic growth of the bacteria exceeded the kill
and growth continued until the stationary phase was reached. Adding a 48-hour
time point to the experiment in pilot studies (data not shown) showed that this
stationary phase was already reached after 24 hours for all groups.

To determine the role of MPO in the antimicrobial activity of PLG and PRP,
the MPO release was determined. Somewhat surprisingly, MPO release was
comparable for the not activated PRP and activated PLG samples. This suggests
that the addition of thrombin to PRP activates the platelets and not the
leukocytes. As a consequence the difference in bacterial kill during the first
hours can mainly be contributed to the effect of released antimicrobial peptides
from the platelets and not so much to an effect of MPO from the leukocytes. As
there will have been a combined activity of antimicrobial peptides and MPO in
PRP as well, it is not possible to say from this experiment how large the contribution
of either agent exactly is. However, based on the culture results of the PPP
samples, where almost no MPO was present, it is tempting to say that the bacterial
kill is for the largest part an effect of antimicrobial peptide release from the
platelets. To give a more precise answer to this question, studies with PLG
should be performed were the activity of MPO is blocked by a specific
inhibitor, like 4-aminobenzoic acid hydrazide (ABAH)25. However, although
MPO was reported to play a central role in the innate host-defense, it only
seems to play a minor antimicrobial role in PRP and PLG. An explanation, in
addition to the already mentioned activation of the platelets, could be the
concentrations in which both cell types are present. In PRP the ratio of platelets
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and leukocytes is doubled from 50:1 to 100:1 in comparison to whole blood.
This abundant presence of activated platelets could exceed the effect of MPO.

Although the use of PRP and PLG is relatively new, there have been many
studies during the last decade investigating their applicability for many indications,
either within or outside the orthopaedic field. As so many different indications
for use have been studied, there have been varying results about the additional
value of PRP or PLG. Only a few clinical studies have been published, which
studied the use of PRP/PLG in orthopaedic procedures7,26-28. One pilot study
with only 3 patients investigated the use of PRP combined with marrow-derived
mesenchymal stem cells during the process of distraction osteogenesis. It was
concluded that this seemed to be a safe and minimally invasive cell therapy,
which could shorten the treatment period by acceleration of bone regeneration26.
A second study of 10 patients investigated the use of PLG with lyophilized bone
graft on bone healing enhancement in patients who received a tibial osteotomy
for genu varus28. In this study the addition of PLG seemed to accelerate the
healing process compared to only lyophilized bone. Finally, 2 larger studies
investigated the use of PLG during the implantation of cemented or uncemented
knee arthroplasties. There was less blood loss, less use of analgesics, shorter
hospital stay and less wound leakage and wound healing disturbances for the
patients treated with PLG7,27. Although in the study of Everts et al. it was
mentioned that in the control group 4 patients (5%) developed a superficial
wound infection compared to no patients in the PLG group, no other publications
mentioned the potential antimicrobial efficacy of PRP and PLG. Outside the field
of orthopedics, 1 study in cardiac surgery mentioned the effectiveness of PLG to
avoid superficial and deep wound infections29.

As in the current study it was shown that especially PLG has a strong
bactericidal activity, we postulate it can also be used as a prophylactic antimicrobial
agent against postoperative infection in orthopaedic surgery. Although many
indications are possible, using PLG as a coating on uncemented implants seems
like a beneficial option. Especially since in contrast to cemented implants no
options for local antimicrobial activity are available for these types of implants.
As the antimicrobial activity of PLG seems to be at its maximum during the first
hours after application its use might be limited to infection prophylaxis and not
treatment. However, as surgical debridement is of course the first and most
important measure in infection treatment, the additional use of PLG might reduce
the number of remaining bacteria and by lowering bacterial counts prevent
reinfection as well.

We conclude, that platelet-leukocyte gel as an autologous blood product,
which is safe to use for the patient and can be easily prepared during surgery,
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appears to be a potentially useful strategy against postoperative infections. Further
research should investigate other topics, like its antimicrobial capacity compared
to antibiotics and prove its efficacy in combination with implants and in the in-
vivo situation.
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ABSTRACT

Background:

The therapeutic use of autologous prepared platelet-leukocyte enriched gel (PLG)
is a relatively new technology in the stimulation and acceleration of soft-tissue
and bone healing. The effectiveness of this procedure lies in the delivery of a
wide range of platelet growth factors, mimicking the physiological wound
healing and reparative tissue processes. Despite an increase in PLG applications,
the structures and kinetics of this autogenous derived biological material have
not been observed. 

Materials and Methods:

A review of the most recent literature was executed in order to evaluate the use
of PLG in various surgical disciplines. 

Results:

The review revealed that the application of PLG has been extended to various
surgical disciplines, including orthopedics, cardiac surgery, plastic, and maxillofacial
surgery, and recently also to endoscopic surgery. 

Conclusion:

This review demonstrates the usefulness of PLG in a wide range of clinical
applications to improve healing following surgical procedures. 
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INTRODUCTION

Soft tissue wound healing and bone growth involves physiological cascades in which
cellular and hormonal factors play pivotal roles1,2. Some of these cascade
components can be isolated from autologous drawn whole blood. Point-of-care
devices can intra-operatively fractionate the autologous blood into platelet-poor
plasma, platelet-leukocyte-rich plasma (P-LRP), and red blood cells3,4. The P-LRP
fraction is a mixture of concentrated platelets and leukocytes. P-LRP can be activated
by (autologous) thrombin to create a viscous solution termed platelet-leukocyte gel
(PLG). This platelet coagulum can be exogenously applied to soft wound tissues,
bone, or synthetic bone as a spray or as a solid, clotted, gelatinous mass. The
rationale for applying platelet gel is based on the delivery of platelet growth factors
to tissues, and on the fact that platelet alpha granules (α-granules), which are found
inside the platelets, contain a variety of growth factors5. Platelet gel growth factors are
peptides that promote cell proliferation, differentiation, chemotaxis, and the
migration of various cells involved in both wound healing and bone growth6,7. 

Recently, numerous P-LRP devices have become available for therapeutic
use to stimulate and accelerate soft-tissue and bone healing and to control
postoperative wound bleeding. The rationale for applying PLG lies in mimicking
and accelerating physiological wound healing and reparative tissue processes.

In this article we provide information on the results of electron microscopic
imaging used to evaluate the content of PLG. Furthermore, since the use of PLG
is a relatively new per and/or peri-operative biotechnological application, new
and more indications to use PLG will be defined. Therefore, new PLG applications
are reviewed for different applications, including cardiac surgery, general
surgery, orthopedics and traumatology, cosmetic surgery, maxillofacial surgery,
sports medicine, and endoscopic surgical procedures.

DEFINING PLATELET-LEUKOCYTE RICH GEL.

Platelet-leukocyte gel is prepared from a high concentration of platelets which
have been acquired from freshly drawn autologous whole blood. In general, this
blood is obtained by point-of-care devices and is sequestered into different
blood components being platelet-leukocyte-rich plasma (P-LRP), platelet poor
plasma, and erythrocyte concentrate8. One of the characteristics of P-LRP is that
it consists of a small volume of plasma with fibrinogen, platelets and leukocytes.
Platelets suspended in the P-LRP are in an inactive state and in liquid form. The
platelet growth factors are found inside α-granules, which are present in the
platelet cytoplasm. Platelets become immediately activated because of interaction
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with thrombin, the most potent platelet activator, where after a sticky platelet
aggregate is formed. Subsequently, platelet α-granules release growth factors
into the extra cellular environment where they bind to specific platelet growth
factor receptors. Following this, through intracellular tissue signaling, a number
of pathways are triggered that initiate the healing process. 

Apart from the presence of a high concentration of platelets in the PLG,
several differentiated and non-activated leukocytes are present at high levels. In
particular this includes neutrophilic granulocytes and monocytes, both known
for host-defense mechanism actions against bacteria, through the action of
myeloperoxidase that creates hypochloric acid. The platelet numbers in the
PLG are 3-7 times higher than normally found, while the white blood cell count
is 2-4 times greater than normal9,10,11.

HEALING MECHANISMS OF PLATELET-LEUKOCYTE GELS.

It is generally accepted that platelet growth factors play a central role in the
healing process and in tissue formation12. Wound healing is a well orchestrated
and complex series of events involving cell-cell and cell-matrix interactions,
where platelet growth factors serve as messengers to regulate various processes.
Initially tissue repair begins with platelet clot formation, activation of the
coagulation cascade and platelet degranulation and the release of growth
factors. Following release, specific platelet growth factors will bind to particular
target tyrosine growth factor receptors, which subsequently activate
intracellular signal transduction pathways7,13. During the first two days of
wound healing an inflammatory process is initiated by migration of neutrophils
and subsequently macrophages to the wound site. In turn, activated
macrophages release multiple growth factors, including platelet derived growth
factor (PDGF), transforming growth factors-alpha and -bèta (TGF-α, TGF-β),
interleukin-1 (IL-1), and fibroblast growth factor (FGF)11. Angiogenesis and
fibroplasia starts shortly after day three, followed by collagen synthesis on day’s
three to five. This process leads to an early increase in wound breaking strength,
which is the most important wound healing parameter of surgical wounds,
followed by epithelialization and the ultimate remodeling process14. 

Some of the functions of platelet growth factors in tissue repair revealed
that a controlled sequential appearance is crucial following primary wound
closures after surgical procedures, for the treatment of bone and cartilage defects,
muscle and tendon lesions and to promote synthetic tissue ingrowth during
reconstructive surgeries15. 
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Based on the actions of the various platelet growth factors during the different
stages in the wound healing cascade, the use of autologous PLG to stimulate
wound repair is an interesting proposition, although recombinant growth factors
have been used to stimulate wound healing. However, when compared to
recombinant single growth factor applications, platelet gels have the supreme
advantage that they synergistically induce various growth factors and promote
mitogenesis of mesenchymal stem cells at the wound site16,17. 

NOVEL PLATELET-LEUKOCYTE GEL APPLICATIONS

Following the activation of P-LRP with thrombin, a viscous gel with a degree of
plasticity, is formed that will stick to wound tissues. At this stage the PLG is
exogenously applied, by using a syringe delivery technique, to surgical wound
sites during closure, to soft tissue structures to stimulate tissue regeneration (Figure
1A-B), or it is mixed with bone or bone substitutes to accelerate bone healing.

Outcome of multiple studies have been published on the efficacy of PLG
treatment18-20. Proponents of the application of PLG refer to improved wound
healing and increased bone growth to warrant its use. A reduction in the
development of severe postoperative wound infections has been reported when
PLG was applied during incisional wound closure following a cardiac surgical
procedure21. As a result, the application of autologous platelet growth factors and
vital neutrophilic leukocytes is gaining in popularity. However, more scientific
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Figure 1. Using a double syringe delivery technique, platelet-leukocyte gel is applied on a skin

wound in a patient with decubitis ulceration.



evidence and data to support the use of platelet-leukocyte gel in clinical settings
are mandatory in order to achieve progress in the use of these autologous
biotechnology procedures. Recently, novel applications have emerged in the field
of PLG applications and in a variety of surgical disciplines. We reviewed some
of these new applications and report on some results of studies that indicate
some potentially new directions and clinical applications.

Soft tissue healing and endoscopic applications

Promising results have been obtained in patients with chronic non-healing
(diabetic) wounds after topical PLG application. Margolis et al. demonstrated
that the application of the PLG was more effective than standard care methods
in wound healing and that this treatment was even more effective in patients
with deeper wounds (22). Furthermore, in our own experience we encountered
improved wound healing when PLG was used during wound closure after total
knee arthroplasty23.

Soft tissue trauma, such as tendon and ligament ruptures and joint capsular
injuries that occur frequently often require a surgical intervention24,25. It is
presumed that the combination of surgical repair with the application of
biologically active PLG should accelerate healing with an improved outcome.
Aspenberg and Virchenko showed, in an in-vivo rat model, that PLG applied to
traumatized Achilles tendons increased tensile strength and stiffness by about
30% after the first week. The effect persisted for as long as 3 weeks after the
injection, suggesting that the use of PLG in tendon repair with improved the
physiological healing process26. 

Anterior cruciate reconstructive ligament surgery is routinely performed to
reconstruct the ligament with an autologous graft. Since the procedure is mainly
performed arthroscopically, it is therefore challenging to apply PLG to augment
healing. Sanchez et al. reported enhanced healing with less complications and
improved fixation of the graft within the bone tunnels in a retrospective clinical
trial involving 100 patients27. 

The mechanism of action by which tendon repair is improved when PLG
is applied, is based on release of vascular endothelial growth factor (VEGF).
This growth factor stimulates angiogenesis, leading to an improved blood
supply which is mandatory for the tendon repair process28. Furthermore,
released platelet growth factors induce a proliferation of tendon cells and
stimulate production of VEGF and hepatocyte growth factor (HGF), a potent
antifibrotic agent. The latter may be of importance in reducing scar formation
and fibrosis in newly reconstructed tendon tissue, which might lead to poor
outcomes29. 
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In the past, fibrin glues have been used to make a suture less intestine anastomosis
and for the treatment of gastrointestinal anastomotic leaks during laparoscopic
surgery30,31.

Recently, a novel PLG application has emerged in morbidly obese patients
who underwent bariatric surgery. Brady et al. used PLG, via an endoscopic
delivery system (Figure 2), after a laparoscopic Roux-en Y gastric bypass
procedure, in order to avoid hemorrhage, infection and anastomotic leaks,
which may occasionally lead to death32. 

They suggests that the use of PLG contributed to an enhanced hemostatic
response, accelerated tissue healing, improved collagen synthesis and thus
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Figure 2. Aerosol controlled laparascopic platelet-leukocyte gel delivery system. (Micromedics

Inc, St. Paul MN, USA)



prevented anastomotic leaks, thereby improving outcome. Recently, Pomerantz
and Dutton applied PLG during endoscopic sinus surgery in order to improve
their packing technique. Their quality of life scores showed an improvement with
regard to postoperative epistaxis, synechia formation, and exuberant granulation
tissue in PLG treated patients33. 

Synthetic and allogeneic implants 

Synthetic meshes and allogeneic implants are currently used in “tension-free”
hernioplasty of the abdominal wall and in inguinal hernia repair 34. However,
following cicatricial hernia repair serious complications have been observed (i.e.
seromata, dense adhesions, and fistulization). Furthermore, Tyrell et al. have
observed that the tensile strength of implanted meshes was markedly reduced
due to absorption of the mesh35. Lichtenstein hernioplasty is an accepted
method for inguinal hernia repair. One of the most frequent complications
which occur after inguinal hernia surgery is post-operative pain which, at times,
is chronic and permanent and leads to a poor quality of life36,37.  Innovative tools
to decrease the complication related to anchoring the mesh in position, include
the use of tissue adhesives38. Another option to secure the synthetic implants
might be realized by applying PLG to the meshes instead of full suture lines.
Autologous platelet growth factors have been used by Zieren et al. who showed
an enhanced ingrowth and increased cell proliferation with a higher number of
fibroblasts/collagen fibers in abdominal hernia repair, suggesting a role of
platelet growth factors in the healing process39. Sclafani et al. showed an
accelerated maturation of wounds in an experimental setting when PLG was
used40. Based upon these findings, we have initiated a research program to
confirm whether the application of PLG is useful in a clinical setting for hernia
repair. The study objective is to determine the advantages of its use compared to
current techniques, especially in minimizing pain after conventional and
laparoscopic hernioplasties.

Bone growth

Impaired bone healing following fractures, with the development of
pseudarthrosis, or fusion operations in case of nonunions, causes pain and
disability. Attempts are being made to create bone substitutes but also technologies
are being developed that improve bone healing by adding biological materials,
such as PLG, to stimulate osteogenesis and osteoconduction. In bone healing (i.e.
callus formation) platelets act as an exogenous source of growth factors
stimulating the activity of bone cells, based on a unique role in bone growth41,42. 
Numerous in-vitro studies have been performed using platelet gels. Since the
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initial description of PLG use in maxillofacial surgery, subsequent studies have
focused on the effect on a variety of bone-derived cells, including osteoblasts,
osteoclasts, periodontal ligament cells, and mesenchymal cells. Gruber et al.
demonstrated that proliferation of bone-derived cells was augmented, in a
dose-dependent manner, when PLG was used. They suggested that, aside from
a mitogenic effect, PLG application at the time of surgery enhances the bone
healing capacity due to bone resorption and remodeling43. Another therapeutic
application of PLG involves the combination of PLG with different bone
substitutes. Several authors have used histomorphometric analysis to
demonstrate a beneficial effect of PLG, when different bone matrices were
used. Aghaloo et al. used natural de-proteinized bovine matrix, and measured
an improved bone growth when this was used with PLG44. Suba et al. used ‚-
tricalcium phosphate in combination with PLG and found more intense bone
regeneration45. Furthermore, due to the sticky structure of PLG, caused by the
fibrin strands present in the gel, bone substitutes are kept together, avoiding
unwanted migration of bone particles. Recently, the percutaneous application
of PLG in a diabetic femur fracture model was described. Normalized cellular
proliferation and chondrogenesis, with an improved mechanical strength, was
observed when PLG was injected in this model46. 

Tissue engineering

A variety of methods have been used for the restoration of bone or soft tissue
defects, in a different surgical settings, including orthopedic surgery, maxillofacial
surgery and reconstructive surgery47,48. However, the manipulation and
reinforcement of biocompatible materials in surgery is not always easy to achieve.
Mixtures of autologous tissues have been used to accomplish restoration of
defects. Tissue engineering is a technology that involves the morphogenesis of
new tissues using isolated cells with biocompatible matrices and is often
combined with growth factors. Mesenchymal stem cells (MSC) are multipotent
cells which can replicate as undifferentiated cells with the possibility of
differentiating into mesenchymal tissues (i.e. bone, cartilage, tendon, and
muscle). This ability has made MSC a potential component of tissue engineering
concepts. Recently, several research groups have been studying PLG as a matrix
for tissue engineering models, since the activated PLG will release numerous
platelet derived growth factors49,50. Another advantage of using MSC and PLG is
that these two components are autologous, non-toxic, and biodegradable,
proportional to the development of new bone formation when compared to
allogeneic matrices which are non-degradable during the first weeks after
implantation51.
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Yamada et al. demonstrated in dogs, that the combination of MSC and PLG
resulted in a significantly higher maturation of bone and neovasularization when
compared to controls52. Thereafter, the same group used a combination of MSC
and PLG for successful clinical alveolar bone augmentation47. The clinical
application of PLG with bone marrow derived MSC was also reported by Kito
in the course of distraction osteogenesis53. In soft tissue engineering, Anitua and
co-workers identified the role of PLG releasate on cultured tendon cells. They
state that the treatment of tendon injuries may be of benefit, since cell
proliferation is induced with the promotion of endogenous angiogenic growth
factor synthesis54.

Infection prevention

Many investigators focused at the exogenous application of concentrated and
activated platelets in PLG in a variety of procedures that result in the material
adhering to tissues and therefore initiating and accelerating wound healing17,22.
However, in addition to the platelet gel delivery of growth factors, limited data
are available addressing the role of leukocytes, present in PLG, to act as an
antimicrobial component10. From our own experience we reported that P-LRP
not only consists of a high concentration of platelets containing platelet growth
factors but is also abundant in concentrated leukocytes, neutrophils,
monocytes, and lymphocytes11. Neutrophils and monocytes are rich in granules
containing, myeloperoxidase which catalyzes the oxidation of chloride to
generate hypochlorous acid and other reactive oxygen derivates that act as
potent bactericidal oxidants, which are toxic to micro-organisms and fungi55,56.
Furthermore, Yeaman et al. and Tang et al. support the idea that platelets are
also involved in microbicidal activity, and suggest that they play a role in the
platelet host defense mechanism by releasing a variety of platelet microbicidal
proteins57,58. The platelet microbicidal proteins were shown to be released after
platelet activation, demonstrating potent activities against pathogens that have
a tendency to enter the blood stream59. 

Furthermore, we expect that exogenous PLG injections, rather than peri-
articular injections with corticosteroids or even surgery, will be indicated to
treat tendonitis and periarthritis. Such a therapeutic approach was cautiously
suggested in an equine study in which PLG was applied to injured tendons60. 
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CONCLUSION

Platelet-leukocyte gels may become an ideal autologous prepared biological
blood derived product, which can be exogenously applied to a diversity of tissues
where it releases high concentrations of platelet growth factors that enhance
healing. In addition it possesses antimicrobial properties that may contribute to
the prevention of infections. 

The current review suggests that the use of PLG may be beneficial in
surgery. Platelet-leukocyte gels have been successfully used in maxillofacial
surgery, orthopedics, cosmetic surgery and dental implantology. However, the
procedure to prepare PLG and application techniques is likely to differ greatly
amongst clinicians, resulting in inconsistent results. To avoid conflicting data,
standardization of P-LRP methodology is therefore warranted. Furthermore,
randomized controlled clinical trials are needed to study the effect of platelet-
leukocyte gel on wound rehabilitation, functional recovery and on the
promotion of bone growth. The bactericidal effect should be clarified and the
role in tissue engineering should be defined. Overall one may conclude that the
structures present in platelet-leukocyte gel appear to have a major beneficial
therapeutic effect in surgery. 
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ABSTRACT

Background:

Total knee arthroplasty (TKA) is often associated with a considerable amount of
postoperative blood loss, necessitating the transfusion of allogeneic blood,
which might add to complications. Optimization of strategies to reduce the
need for blood transfusion is wanted. This study was designed to evaluate the
efficacy of autologous platelet gel and fibrin sealant in unilateral TKA.

Methods:

Patients were consecutively operated and assigned to the study group and the
control group. Study group patients (n=85) were operated according to our
standard TKA protocol, and the application of autologous platelet gel and fibrin
sealant on the wound tissues at the end of surgery. Eighty patients were
operated according to the same protocol without the use of platelet gel and
fibrin sealant and served as the control group. All blood transfusions, the
occurrence of wound leakage, wound healing disturbances and the incidence
of postoperative infections were recorded.

Results:

Patients in the treatment group had a significant higher postoperative hemoglobin
content (11,3 versus 8,9 g/dl, respectively) and a decreased need for allogeneic
blood products (0,17 versus 0,52 units, respectively) when compared to the
control group (p < 0.001). The incidence of wound leakage and wound healing
disturbance were significantly less (p < 0.001) in patients managed with platelet
gel and fibrin sealant. Four patients in the control group, who received blood
products, developed a wound infection. Hospital stay was reduced by 1,4 ± 1,5
days for patients in the treatment group (p < 0.001).

Conclusion:

Peri-operative applied platelet gel and fibrin sealant may reduce the incidence
of allogeneic blood transfusions and complications associated with total knee
arthroplasty.
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INTRODUCTION

Total knee arthroplasty (TKA) is often associated with a considerable amount of
postoperative blood loss, requiring allogeneic blood product transfusions
(ABPT)1,2. However, the potential health risks after ABPT include the
development of blood-borne diseases with the development of transfusion
related non-infectious complications, and ABPT contribute to the incidence of
immunosuppression, which may lead to increased postoperative bacterial
infections rates3-6. Finally, human error has been associated with the
administration of blood products, leading to critical, even life threatening
problems7. Increased awareness of these complications by surgical teams has
led to a continuous search for blood conservation techniques in orthopedic
surgery. Alternatives to avoid transfusions include preoperative autologous blood
donation, epoetin alpha (EPO), intravenous iron, non steroidal anti-inflammatory
drugs, peri-operative hemodilution, intraoperative and postoperative blood cell
salvage and hypotensive anesthesia8-11. However, these alternatives concentrate
primarily on the reduction of postoperative blood loss and thus avoiding the
transfusion trigger. A more logical blood management strategy would be to
improve hemostasis directly during and after surgery to reduce postoperative
blood loss and ABPT and improve wound healing, and as a result decrease the
incidence of postoperative infections.

Platelet gel (PG) is manufactured from platelet rich plasma which is
obtained after the sequestration of a unit of autologous whole blood with a blood
cell separator. Treatment with PG involves direct application of concentrated
platelets and their growth factors, specifically platelet-derived growth factor
(PDGF) and transforming growth factor-β (TGF-β), which has favorable effects on
the augmentation of the wound healing cascade12,13. Fibrin sealants (FS) have
been used in a variety of surgical specialties like cardiothoracic surgery, cosmetic
and neurosurgery to reduce bleeding14,15. In orthopedic surgery FS have mainly
been used as reconstructive supportive surgical tools16,17. Only few publications
address the use of FS as a haemostatic tool during TKA, and investigators in
these studies used a non autologous cryoprecipitate-based fibrinogen18,19. Our
concept of peri-operative blood management has been the exogenous application
of PG and FS, at the surgical wound site. In this study, we evaluated the
hemostatic efficacy of sealing tissues, vessels and lymphatics by combining the
use of both PG and FS, in patients undergoing primary TKA.
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MATERIALS AND METHODS

Using a prospective observational study, we evaluated 165 patients who were
scheduled for primary uni-lateral TKA and underwent the same surgical
procedure. The study was reported to the hospital ethical committee and prior
to surgery all study patients were informed about the blood management
procedure. Initially, 80 patients who served as control patients were operated
without the use of blood management techniques. Thereafter, 85 patients were
operated and managed with our blood management protocol consisting of PG
and FS application (study group). All patients were consecutively operated.
They all had osteoarthritis of the knee and were operated under “standard”
spinal anesthesia by two surgeons, using an identical surgical protocol.

Blood management product preparation

Intra-operatively, after spinal anesthesia was administered, approximately 350 mL
of whole blood was predonated from the median cubital vein in a blood bag
containing citrate for anticoagulation. The autologous blood was then centrifuged
in a 125 mL Latham bowl of the blood cell separator (Electa™, Sorin Group,
Mirandola, Italy) in the operating room. The blood cell separator sequestered the
whole blood in a semi-automatic controlled operating mode via a hard spin at
5,600 rpm. As a result the whole blood in the centrifuge fractionates into blood
components, a process which is dependent upon the weight of the individual
blood components. At first the platelet poor plasma (PPP) is evacuated from the
whole blood and separated from the buffy coat layer and the erythrocytes. During
this PPP release cycle, 20 mL of the total PPP fraction was collected in a syringe
for application at the wound site. The remaining PPP volume was collected in a
blood bag and retransfused during wound closure. During the second phase of
the preparation process the centrifuge was slowed down to a 2,400 rpm soft spin
cycle to collect the buffy coat layer, which consists of platelet rich plasma (PRP)
and leukocytes (Figure 1). The PRP was entirely collected in a 60 mL syringe, and
was totally used for platelet gel application. Finally, after the collection of the PRP,
the erythrocytes were collected in a transfusion bag and were always re-infused
to the patients during surgery, at a time determined by the anesthesiologist. 

The addition of thrombin and calcium chloride to the PPP results in the
activation of the coagulation cascade by converting the fibrinogen in the PPP to
fibrin. This produces a stable fibrin cloth at the wound site, independent of the
patient’s coagulation process, resembling the final pathway of the physiological
clothing cascade. 

The PRP is also activated with thrombin and calcium, forming a viscous

134

chapter 7



platelet gel in which platelets subsequently degranulate, and release their
platelet growth factors.

In 85% of all patients treated with blood management, we were able to
produce autologous thrombin (AT) to activate the PRP and PPP. AT was
produced by mixing 8 mL of PRP with 0.35 mL of calcium chloride 10%, to
antagonize the anti-coagulative effect of the citrate present in the predonation
blood collection bag. This mixture was injected in a glass Petri dish which
activates platelets to form a cloth. After 25 to 40 minutes a cloth is formed inside
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Unit
autologous

whole
blood

Platelet poor plasma
(PPP)

Erythrocytes

Hard spin 5.600 rpm
1660 x g-force

Soft spin 2.400 rpm
305 x g-force

Buffy coat: 
Platelet rich plasma

(PRP)

g

g

Figure 1. The preparation of the blood components after autologous whole blood predonation in

the blood cell separator. One unit of whole blood is separated first by a hard spin in

platelet poor plasma. Thereafter the soft spin centrifuging process evacuates the buffy

coat layer including platelet rich plasma and leukocytes. Finally the erythrocyte blood

cells are separately collected in a retransfusion bag.



the glass dish. This cloth is manually squeezed prior to the PG and FS application.
The cloth mallet is left behind in the dish and the liquid part, containing AT (15-
30 IU), is aspirated in a syringe. The PRP and PPP are activated with the addition
of AT at a ratio of 1 mL AT to 4 mL of blood components.

In twelve patients we were not able to produce AT and therefore we had to
use bovine thrombin (Thrombin-JMI, GenTrac Incorporated, Middleton, Wisconsin,
USA) at a concentration of 500 IU/mL to activate the blood components20. During
the period of the study (2002-2004) no restrictions with regard to the activation of
PRP or PPP with bovine thrombin were effective in The Netherlands.

Operative procedure

Both cemented (Advantim and Advance, Wright Medical Products, Arlington TN,
USA, Somas, The Netherlands) and non-cemented prostheses (LCS, Johnson and
Johnson DePuy, Piscataway, NJ, USA) were placed in a bloodless field with the
use of a pneumatic tourniquet. Hemostasis, after the prosthesis had been inserted
and the tourniquet deflated, was performed with use of electrocautery of the
major blood vessels. Before wound closure, the knee soft tissues and joint were
rinsed with saline solution to remove all debris. In the study group the entire
operative field was thoroughly dried with gauzes before 10 mL of PG was initially
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the raw exposed surfaces of the femur ad tibia



injected in the back of the knee cavity, the posterior recess, the gutters and the
raw exposed surfaces of the femur and tibia (Figure 2). The wound area was
retracted and FS was applied to the dried tissues by a double syringe technique
and delivered by aerosol topical spraying (Aerosol Ratio Applicator, Micromedics
Inc, St. Paul MN, USA) at a distance of 15 cm. The wound was closed in layers.
After closure of the knee capsula another 10 mL of PG was injected between the
stitches on the repaired extensor mechanism and the prepatellar fat. 

The closed capsula and the subcutaneous tissues were then sprayed again
with FS. No wound drains were used in the joint of patients in whom blood
management techniques were applied to prevent evacuation of the PG, and
thus the platelet growth factors, via the wound drain. Control patients received
a wound drain as a routine measure. After skin closure a wound dressing and a
compressing bandage was applied. 

The following data were obtained in both groups. Hemoglobin values were
determined preoperatively and on the first, second, third and fourth postoperative
day and at hospital discharge. In the blood management group, platelet and
leukocyte counts were performed preoperatively and after blood sequestration in
the PRP, to assess the platelet yield after the sequestration procedure.

The indication to give allogeneic blood products in this study was a
hemoglobin level of less than 8,8 grams per deciliter, to avoid oxygen transport
deficiency which might effect postoperative rehabilitation and recovery. The
number of homologous blood products transfused, any wound complications,
wound dehiscence and signs of infections were recorded. 

All patients received thrombosis prophylaxis via a subcutaneous injection
of 20 mg nadroparin (Fraxiparine®), a low-molecular-weight heparin, daily,
before the operation until 6 weeks postoperatively.

The primary objective of the study was to achieve a reduction in
allogeneic blood product transfusions following TKA. Our second objective was
to monitor patient morbidity parameters which effect the hospital length of stay
(e.g. joint function recovery, wound leakage, infection and wound healing
disturbances), judged by the ward physician. Wound leakage was determined
by moist wound dressings after the second postoperative day. Wound healing
disturbances were concluded as mild rubor with mild oozing, but no skin
dehiscence. After hospital discharge all patients went home.

Statistical methods

The study data were gathered on customized patient tracking forms and entered into
a computerized database that allowed unbiased and reliable data management.
Statistical analysis utilized SAS statistical software (SAS Institute, Cary NC, USA
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2003). Categorical data were expressed as percent with 165 patients included, and
measured data were expressed as mean ± one standard deviation.

Univariate analysis was performed by means of Fisher’s exact test on all
categorical data and Student’s t-test on all measured data. Differences between
means were analyzed using Student’s t-test and Satterthwaite’s approximation that
does not assume equal variances. A two sided p of 0.05 or less was considered to
be statistically significant. To compare means from two independent samples with
n1 and n2 observations, where m in this case is equal to 0:

The formula for Satterthwaite's21, approximation for the degrees of freedom for
the approximate t statistic is:

df = [( (w1+w2)
2 )/( ( [(w1

2)/(n1-1)]+[(w2
2)/(n2-1)] ) )]

and provides a more conservative test of significance than the standard t-test.

RESULTS

The study group patients (n=85) and the control group (n=80) were statistically
homogenous and comparable, with the exception of the weight, which was
higher in the control group (Table 1).

The mean autologous predonation volume was 335 mL (± 28 mL). The
sequestration process of the blood cell separator resulted in an increase in
platelet and leukocyte counts, by 453% and 177% respectively, when
compared to baseline values (p < 0.001).

The mean number of postoperative blood product transfusions was 0,17 ±
0,6 in the blood management treatment group compared with 0,52 ± 0,9 in the
control group (p < 0.001). With regard to transfusion requirements seven
patients (8,3 %) in the blood management group received transfusions (15 units
of erythrocytes) compared to twenty two patients (27,5%) in the non-treated
group (42 units of red packed cells) (p < 0.001). The majority of patients (68%)
received two units, 9% received more than three units, and 22% one unit. All
transfused patients met the criterion to receive a blood transfusion.
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Description Treatment group Control group
(n = 85) (n = 80)

Age (yrs) 69,4 ± 9,1 67,4 ± 9,9

Gender (F/M) 58/27 58/22

Mean weight (kg) 74,0 ± 10,7 80,5 ± 13,3 *

Pre-op hemoglobin (g/dL) 13,6 ± 1,1 13,7 ± 1,1

% Cemented 74 73 

Table 1. Patient characteristics and type of knee prosthesis used.

The values are given as mean and the standard deviation.* p < 0.05.

The mean weight was significantly higher in the control group 

Figure 3. Mean hemoglobin values for the treatment group and control group versus the post

operative days (PO 1-4). * p < 0.001, a decreased hemoglobin loss from treated

patients at post-operative day 1 and post-operative day 2.
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The hemoglobin course is shown in Figure 3. The hemoglobin drop at postoperative
days 1 and 2 when compared to the baseline value was significantly less in the
blood management group than in the control group, p < 0.001 and 0.01
respectively. 

At hospital discharge all patients had a similar hemoglobin value in the
blood management group, hemoglobin value was 10,9 ± 1,0 g/dL, and in the
control group 10,5 ± 1,1 g/dL. 
In the patients receiving platelet gel and fibrin sealing, 2 patients experienced
wound leakage through their bandages. However, no superficial wound healing
disturbances were seen in this group. In the control group, 12 patients
experienced wound leakage (p < 0.001) and 9 patients developed mild wound
healing disturbances, with a p-value for the difference of 0.001.

Superficial wound infections were observed in four patients in the control
group versus zero patients in the blood management group (p < 0.05). These
co-morbidity factors were associated with the total length of hospital stay,
which was significantly shorter in the blood management group 6,9 ± 1,4 days
when compared to the control group, 8,3 ± 2,9 days (p < 0.001). 

DISCUSSION

Total knee arthroplasty is associated with major blood loss. We found in this
study that the application of platelet gel and fibrin sealant during TKA reduces
the need for allogeneic blood transfusions significantly when compared to
control patients, using the same criteria for transfusion in both groups, even
though the average body weight, and thus the red blood cell mass, of the
patients in the blood management group was significantly lower than the
control patients. The drop in hemoglobin and the need for blood transfusions in
control patients were comparable to the data reported by others1,11. All transfusions
were given on the first postoperative day.

The literature on fibrin sealants clearly shows improved haemostatic effects
in both animal and human models15, but only a few similar clinical studies during
TKA exist, showing comparable results when haemostatic agents were used to
control bleeding. Levi et al. showed a reduced blood loss and blood transfusion
requirement when using Quixil (Omrix Biopharmaceuticals SA, Brussels, Belgium),
which he applied by topical spraying18. In a multicenter randomized controlled
trial by Wang and co-workers the same FS was used and in their report the
decrease in hemoglobin level was almost 29% less in the FS group than in the
control group19. When compared to the above mentioned studies, the concept of
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our blood management protocol consists of the production of both autologous FS
and PG. The activated PPP is sprayed as a tissue sealant on the edges of the sawed
bones and soft tissues to avoid blood loss. Furthermore, FS might inhibit the
inflammatory response, with less adhesion formation, as demonstrated by Jahoda
and co-workers22. It has been postulated that this reduced inflammation might
contribute to little tissue reaction, and thus leading to less adhesions23. 

Studies by Marx et al. have confirmed the efficacy of concentrating platelets by
centrifugation of whole blood and harvesting PRP24. Platelet gel with a platelet
concentration three to six times the native platelet concentration, will release, among
others, the platelet growth factors PDGF and TGF-β which are known for their pivotal
role in the wound healing process12,13. Since PRP is a buffy coat product, it also
contains a high concentration of leukocytes and in particular granulocytic neutrophils
which contain myeloperoxidase (MPO), a substance known for bacterial removal25.
One might speculate whether PG has therefore also anti-bactericidal properties.

Twelve patients required bovine thrombin because the autologous
prepared thrombin failed to set up a firm gel. In the US, bovine thrombin is still
the PRP activator of choice to produce PG26. However, at present we have
discarded the use of bovine thrombin in order to avoid the potential
development of antibodies to clotting factors V and XI and thrombin, which
might occasionally lead to life-threatening coagulopathies27. Analysis of all study
parameters from these patients did not reveal any differences in outcome when
compared to the patients treated with autologous thrombin. 

Blood loss in TKA occurs mainly after surgery since the procedure is performed
with the use of a pneumatic tourniquet. Since our primary objective was to reduce
postoperative blood loss by means of peri-operative blood management techniques,
the use of postoperative drainage and re-infusion of unwashed shed blood was
obsolete. Furthermore, there is reasonable concern on the quality of this unwashed
retransfused wound blood28. It has also been argued that the use of fibrin sealants
during joint replacement may be unnecessary because of autologous predonation
techniques to compensate for postoperative blood loss. Although autologous
predonated blood is not associated with the risks of viral disease transmission and
immunomodulatory changes, the incidence of administrative transfusion errors and
bacterial overgrowth is comparable with the use of homologous transfused blood7,29.
Furthermore, a special blood banking protocol and schedule to predonate prior
surgery is required and certain patients are unable to donate blood. Elevating the
preoperative hemoglobin value through preoperative EPO injections, in order to
minimize the number of ABPT by avoiding the transfusion trigger, have become a
more and more general practice. However, the aim of our blood management concept
is to avoid postoperative blood loss and to use the patients own blood components
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to support the healing process. Furthermore, the costs of EPO are outweighing the
costs for our blood management program. Our control patients received a wound
drain. The orthopedic surgeons didn’t use a postoperative drain in the study patient
to prevent that platelet gel, and the platelet growth factors, were being removed from
the wound cavity. We did not see differences with regard to leg swelling and return
of active function of the quadriceps muscle between treated and non control
patients. This finding is in accordance with several other authors indicating that there
is no difference in postoperative outcome when drained and non-drained patients
were compared with regard to leg swelling, wound disturbances, return of function,
and wound leakage30.

This study reveals a significant reduction of the incidence of wound leakage
and wound healing disturbances in patients treated with PG and FS. The reduced
leakage is most likely the result of the efficacy of the FS in sealing the soft tissue
oozing wound sites and the effect of the PG to plug the bone marrow sinusoids
at the cuted bone sites in the knee cavity and surrounding sawed bone tissues
from the femur and tibia next to the prosthesis. The reduced wound leakage will
presumably result in decreased wound healing disturbances, and wound healing
is further supported by the growth factors released from the PG.

Four patients in our control group received two units of allogeneic blood
and developed a superficial wound infection which was treated with antibiotic
therapy. None of the treated patients evidenced signs and symptoms of
infection. Another explanation for the development of these wound infections
could be the increased allogeneic transfusion rate in the control group. Our
findings are in accordance with the data from Thomas et al., and the data from
almost 4000 patients in the OSTHEO study who showed that more than 4% of
allogeneic transfused patients developed a wound infection11, 31. Hill et al.
showed in a meta analysis that allogeneic blood transfusions are associated with
transfusion-associated immonumodulation, and that transfusions are an
important risk factor for the development of bacterial postoperative infections6.
In addition, ABPT might lead to a decrease in pro-angiogenic factors (e.g.
interleukin-8) that are essential for wound healing32.

Although we tried to reduce as much as possible confounding factors in
our study (same anesthetic technique, one type of blood cell separator and limited
number of surgeons) the effect of varying platelet and fibrinogen concentrations
were not studied. The study was not powerful enough to demonstrate whether
different concentrations of platelets and fibrinogen would have an effect on
hemoglobin loss and thus erythrocyte transfusions.

In conclusion, we demonstrated in patients having a total knee arthroplasty,
that the exogenous application of platelet gel and fibrin sealant to the wound
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site supports the haemostatic condition with the delivery of concentrated
platelet growth factors and leukocytes. This resulted in reduced blood
transfusion requirement, lower incidence of postoperative wound healing
disturbances, less infections and shorter length of hospital stay.

Future studies should elucidate a potential anti-bactericidal effect of
platelet gel, demonstrate the economic costs and benefits, and address logistic
problems in performing these blood management techniques, not only during
TKA but potentially also in other orthopedic surgeries.
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ABSTRACT

In this study we describe the potential role of autologous platelet gel and fibrin
sealant in unilateral total knee arthroplasty to improve the postoperative range
of motion and to reduce the incidence of arthrofibrosis. Total knee arthroplasty
is often associated with a considerable amount of post-operative blood loss.
Persistent limited motion directly after surgery may ultimately result in
arthrofibrosis. To counteract these effects we investigated whether the use of
autologous derived platelet gel and fibrin sealant would reduce postoperative
blood loss, decrease the impaired range of motion and the incidence of
arthrofibrosis. 

All patients were consecutively operated and assigned to the study or
control groups. Study group patients (n = 85) were treated with the application
of autologous platelet gel and fibrin sealant at the end of surgery. Eighty patients
were operated without the use of platelet gel and fibrin sealant, and served as
the control group. The postoperative hemoglobin decrease, range of motion and
length of hospitalization were recorded. During a 5 month postoperative period
patients were followed to observe the incidence of arthrofibrosis.

In patients in the treatment group the hemoglobin concentration in blood
decreased significantly less when compared to the control group. They also
showed a superior postoperative range of motion when compared to those of
the control group (p < 0.001). The incidence of arthrofibrosis and subsequent
forced manipulation was significantly less (p < 0.001) in patients managed with
platelet gel and fibrin sealant. We conclude that peri-operatively applied
platelet gel and fibrin sealant may improve the range of motion after total knee
arthroplasty, decreases the length of stay and may reduce the incidence of
arthrofibrosis.
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INTRODUCTION

Total knee arthroplasty is often associated with a considerable amount of
postoperative blood loss, necessitating the transfusion of allogeneic blood
products1. Relentless postoperative bleeding can contribute to impaired
outcomes after total knee arthroplasty, e.g. due to the development of wound
hematoma and seroma formation. Control of hemostasis following total knee
arthroplasty is an important concern since bleeding might lead to the formation
of adhesions and might even cause arthrofibrosis2,3. Arthrofibrosis is rare,
although its incidence may be up to 10%4,5. 

Optimization of strategies to improve outcome after total knee
arthroplasty aims to reduce postoperative bleeding, to improve the range of
motion, and to decrease the incidence of arthrofibrosis. Platelet gel (PG), a so-
called buffy coat product prepared from freshly drawn autologous blood, is a
mixture of platelet and leukocyte rich plasma being activated with thrombin to
produce a viscous gel clot6. PG delivers concentrated platelets growth factors
directly to wound sites, specifically platelet-derived growth factor and
transforming growth factor-ß, which both could contribute to an improved
wound healing7,8. 

Treatment with autologous, bed-side prepared blood components, in
order to control bleeding and stimulate wound healing, is a relatively new
concept and might reduce the development of tissue adhesions. Fibrin sealants
prepared from platelet poor plasma, also activated with thrombin, have been
used in a variety of surgical procedures in order to control bleeding, with a
subsequent reduction in postoperative tissue adhesions9-11. 

In orthopedic surgery, PG has mostly been used in spinal fusion
operations to enhance fusion, since platelets stimulate the activity of bone cells,
based on their particular relevance to bone growth and therefore accelerate
bone growth12,13. Recently, PG has also been used to control bleeding14,15.
Fibrin sealants have mainly been used as reconstructive supportive surgical
tools16. PG and fibrin sealants have also been cited as useful in soft tissue
tendon repairs17,18, and as a supportive tool in bone regeneration19,20.

In this study we assessed the potential of PG and fibrin sealant to act as a
hemostatic surgical tool during total knee arthroplasty and if these prepared
blood products might improve the range of motion, and probably decrease the
incidence of arthrofibrosis up to 5 months after surgery. 
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MATERIAL AND METHODS

In this observational study 165 patients, who were scheduled for primary
unilateral total knee arthroplasty, were included. All patients were consecutively
operated and underwent the same surgical procedure performed by the same
two surgeons (RD or MES). The indication in all patients for total knee
arthroplasty was osteoarthritis of the knee. Eighty five patients were treated with
PG and fibrin sealant and a further eighty patients served as untreated controls.
They were all operated under a standardized spinal anesthesia and fluid regimen
protocol. A tourniquet was used in all cases. Patients with a preoperative
hemoglobin level less than 12 g/dL, or know coagulation disorders, were
excluded from the study.

The autologous blood components were prepared from a unit of freshly
drawn whole blood (approximately 350 mL) using an infusion line, placed in
the medial cubital vein, into a bag containing anticoagulant to avoid blood
clothing. A blood cell separator, (Electa™, Sorin Group, Mirandola, Italy),
sequestered the whole blood in fractions of platelet rich plasma (PRP) and
platelet poor plasma (PPP)8. To collect the PRP and PPP, a single centrifugation
procedure with a 125 mL Latham bowl was performed. The centrifugation
process consisted of a 5,400 rpm (1660 g force) and a 2,400 rpm cycle (305 g
force) for 15 and 3 minutes, respectively.  

A medial para-patellar approach was used, averting the patella laterally.
With the use of a tourniquet, cemented and non-cemented cruciate-sparing
prostheses were implanted (Advantim and Advance, Wright Medical Products,
Arlington TN, USA and Somas, the Netherlands; LCS, Johnson and Johnson
DePuy, Piscataway NJ, USA). After implantation of the prosthesis the tourniquet
was deflated, and primary hemostasis of major blood vessels was achieved with
electrocautery. Before wound closure, the knee soft tissues and joint were
rinsed with saline solution to remove all debris. PG and fibrin sealants were
then produced from PRP and PPP, respectively, by the addition of calcified
thrombin to set up a platelet gel blood clot and to create fibrin sealant to attach
to tissues. Autologous thrombin was produced from PRP by mixing 6 mL of PRP
with 0.25 mL of calcium chloride 10%. PG was created by mixing PRP with
autologous thrombin at a ratio of 4:1. Fibrin sealant was produced by mixing 10
mL PPP with 1 mL autologous thrombin in the aerosol delivery system (Aerosol
Ratio Applicator, Micromedics Inc, St. Paul MN, USA).

PG and fibrin sealants were applied to dried wound sites in order to
promote adherence of the components to the tissues. In the study group, the
knee was positioned in approximately 90º flexion to expose the knee cavity,
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femoral and tibial components. Ten mL of PG was initially injected in the back
of the knee cavity to plug the bone marrow sinusoids (Figure1), the posterior
recess, the gutters and the raw exposed surfaces of the femur and tibia. 

Thereafter, the wound area was retracted and 10 mL of fibrin sealant was
applied to the dried tissues by a double syringe technique and delivered by
aerosol topical spraying at a distance of 15 cm (Figure 2) to prevent the
formation of hematoma and seromata. The wound was closed in layers, with
the knee in approximately 90º flexion. After closure of the knee capsula,
another 10 mL of PG was injected between the stitches on the repaired extensor
mechanism and the prepatellar fat (Figure 3). The closed capsula and the
subcutaneous tissues were again dried and sprayed with 8 mL of fibrin sealant,
and the skin was closed with skin staples. 

In all patients, the knee incision was dressed postoperatively with
compressing bandages and rehabilitation was started at the day of surgery, with
constant passive motion that was increased daily within the patient’s pain
tolerance. Postoperative pain relief was achieved using a standard protocol
(paracetamol 3g daily and naproxen 500 mg twice daily for the first two
postoperative days. If necessary 10-20 mg piritramide was given).
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Figure 1. Injection of platelet gel in the back of the knee cavity after prosthetic implant, and on

the raw exposed surfaces of the femur and tibia.
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Figure 3. Injection of platelet gel between the stitches of the repaired extensor mechanism and

the pre-patellar fat.

Figure 2. Application of fibrin sealant to the dried tissues by aerosol topical spraying with a

double syringe technique.



All patients received thrombosis prophylaxis via a subcutaneous injection of 20
mg nadroparin (Fraxiparine®), a low-molecular-weight heparin, daily, before
the operation until 6 weeks postoperatively.

Decreases in postoperative hemoglobin levels, the range of motion
(expressed as maximum degrees of flexion of the knee joint) during the first 5 days
and at discharge, and the incidence of postoperative arthrofibrosis were all
recorded. We defined arthrofibrosis as (painful) stiffness with scarring of soft
tissue, a limited flexion (< 80º) and patellofemoral immobility, with no
heterotopic bone formation. The ward physician or nurse practioner were blinded
for the study during the daily determination of the postoperative range of motion.

Length of hospital stay was recorded in all patients. Patients were
discharged if they met all of the following criteria: joint function recovery with a
flexion > 90º, absence of wound leakage, no wound healing disturbances, and
no signs of infection.

Statistical analyses were performed using SAS statistical software (SAS
Institute, Cary NC, USA, 2003). Categorical data are expressed as a percentage
with 165 patients included and measured data are expressed as mean ±
standard deviation. A univariate analysis was performed by means of Fisher’s
exact test on all categorical data and the Student’s t-test on all measured data.
Differences between means were analyzed using the Student’s t-test and
Satterthwaite’s approximation that does not assume equal variances21. A two-
sided p value of 0.05 or less was considered to be statistically significant.
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Description Treatment group Control group
(n = 85) (n = 80)

Age (yrs) 69,4 ± 9,1 67,4 ± 9,9
Gender (F/M) 58/27 58/22
% Cemented 74 73 
Pre-op hemoglobin (g/dL) 13,6 ± 1,1 13,7 ± 1,1
Post-op EC-T (Units) 0,17 ± 0,6 0,52 ± 0,9 *
Discharge hemoglobin (g/dL) 10,9 ± 1,0 10,5 ± 1,1

Table 1. Patient characteristics and type of knee prosthesis used.

* p < 0.001. The mean EC-T was significantly higher in the control group

The values are given as mean and the standard deviation.

(EC-T: Erythrocyte concentrate transfusion).



RESULTS

The mean age of the PG and fibrin sealants treated patients (n = 85) and control
patients (n = 80) were similar (69.4 ± 9.1 and 67.4 ± 9.9 respectively). The
distribution of gender was 68% females in the treatment group and 72% in the
control (not statistically different). The distribution for cement less and
cemented prosthetic implants was similar for both groups. The pre-operative
hemoglobin value was also comparable in both groups (Table 1). Postoperative
hemoglobin values of patients receiving PG and fibrin sealant dropped
significantly less in the study group (p < 0.001) when compared to the control
patients (2.5 versus 5.2 g/dL, respectively).

Range of motion data are shown in Figure 4. Functional knee recovery
occurred significantly earlier in treated patients. At the fourth postoperative day the
functional range of motion were 82.4° ± 9º and 66.1° ± 13º (p < 0.001) for the
PG/fibrin sealant patients and control patients, respectively. By the fifth
postoperative day the range of motion was 92.4° ± 8º and 79.2° ± 9º, respectively 
(p < 0.001).

None of the patients underwent TKA for rheumatoid arthritis. The incidence
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Figure 4. Development of the range of motion in the postoperative period.

(ROM: range of motion; PG+FS: platelet gel and fibrin sealant). * p < 0.001



of arthrofibrosis up to 5 months after surgery is shown. The preoperative active
flexion was not statistical different between both patient groups. The criterion for
arthrofibrosis was met in all patients (flexion 70º and 79º for treated and control
patients, respectively). Arthrofibrosis occurred in two patients in whom PG and
fibrin sealants were applied, whereas eighth control patients developed
arthrofibrosis (p < 0.001) (Table 2). After forced mobilization the active flexion
improved by 28% and 24% for treated and control patients, respectively. 

The improved range of motion and reduced bleeding contributed to a
shorter hospitalization time in treated patients (6.9 ± 1.4 days) compared to the
control group (8.3 ± 2.9 days) (p < 0.001).

DISCUSSION

Total knee arthroplasty is associated with major blood loss particularly in the
postoperative period following the release of the tourniquet. In this study, we
found that in patients treated with the exogenous application of PG and fibrin
sealant, the drop in hemoglobin was less.

Various reports from clinical and experimental studies have shown that
the use of fibrin sealants to seal off tissue capillaries can be an effective
measure to reduce the incidence of bleeding and oozing after surgical
interventions. Both experimental and clinical data have demonstrated the
efficacy of wound sealing22,23. However, only few clinical studies with patients
undergoing total knee arthroplasty in combination with hemostatic agents to
control bleeding have been published. Levi et al.24 and Wang and co-workers25

used commercially available topical sprays, to reduce bleeding. However, the
effect of reduced bleeding on the postoperative range of motion and the
occurrence of arthrofibrosis was not investigated. 
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Pre-OP Flex Post-OP Flex Weeks after surgery Post FM Flex
Control (n = 8) 113 ± 27 79 ± 11 14 ± 6 98 ± 10
PG + FS (n = 2) 98 ± 8 70 ± 6 8 ± 3 90 ± 4

Table 2. Knee flexion data in patients with arthrofibrosis.

(PG+FS: platelet gel and fibrin sealant; Pre-Op Flex: preoperatively flexion; Post-Op

Flex: postoperatively flexion; Post FM flex: the postoperative flexion after forced knee

mobilization/manipulation under epidural anesthesia at the first visit after the

procedure). Data are given in degrees (mean ± SD).



Arthrofibrosis after total knee arthroplasty, which has been variably referred to
as stiffness and limited motion, is a disabling complication. There are only a
few studies which show the prevalence of arthrofibrosis to vary from 1 –
11%4,5,26. These differences may be explained by differences in the definitions.
In the majority of these studies, arthrofibrosis was defined as a flexion contraction.
In this study we used the criteria as defined by Maloney27. Others have used
slightly different definitions28,29 for arthrofibrosis or stiffness. Arthrofibrosis may be
caused by numerous factors, including impaired range of motion pre-operatively,
surgical technical problems, and inadequate postoperative rehabilitation with
limiting motion until wound healing occurs or a biological predilection30-33. Some
patients may be predisposed to extensive scar tissue formation as a response to the
tissue trauma which occurs during the surgical intervention.  Nevertheless, in our
study we could not detect any underlying factors in either patient group that would
increase the risk for the development of arthrofibrosis.

In addition to the prevention of bleeding and oozing, sealing of surgical
tissues also may contribute to reduced post-surgical adhesion34,35. Sheppard
and associates demonstrated in a long term model that animals treated with
wound sealing had significantly less high grade adhesions10. In addition,
sealing of wound tissues might decrease inflammatory processes following
surgical interventions, and thus to a reduction of adhesion formation36,37. 

Autologous blood sequestration of whole blood and the preparation of PG
in the peri-operative period is a simple and highly reproducible procedure
creating a biological carrier of both the patient’s own platelets and leukocytes38.
Platelet rich plasma is a buffy coat product, containing high concentrations of
platelets with at least 6 platelet growth factors inside the α-granules, each
having a specific function during wound repair39. Upon the creation of a
platelet gel, the addition of thrombin activates platelets and they subsequently
release their granule contents in a way that various growth factors interact with
specific receptor cells and thus initiate the healing process40. In addition, due
to the activation process more platelets are attracted to the wound site to
augment the natural healing processes. Platelet rich plasma also contains a high
concentration of non-activated functional neutrophilic white blood cells. These
white blood cells contribute to the inhibitory effects of inflammatory
processes41 and may act as anti microbial agents. Based on the results of
applying wound sealants in a variety of surgical settings, we developed in this
study a combination of exogenously applied PG and fibrin sealant for total knee
arthroplasty. The  syringes for PG delivery and fibrin sealant use during wound
closure were prepared by a person educated and trained in autologous platelet
growth factor preparation techniques and fibrin sealant application methods.
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This person scrubbed up to the surgical team at the end of the procedure to
assist during the application of the components. Worth mentioning is the fact
that due to this individual, the total surgical time was hardly increased. 
Particular emphasis was to reduce postoperative bleeding, to achieve an earlier
increased range of motion after surgery, to minimize soft tissue adhesions and
to reduce the development of arthrofibrosis.

Patients treated with PG and fibrin sealant could achieve a significantly
greater range of motion when compared to non-treated patients. In another study
a similar increased range of motion in patients treated with PG and fibrin
sealants has been reported15. As noted in the literature, the preoperative range of
motion is a good predictor of the postoperative range of motion and is the most
important variable in determining the patient’s postoperative flexion27,42. A total
knee arthroplasty will not improve flexion in patients who have preoperatively a
stiff knee. In this study we observed that the postoperative range of motion of the
knee was always inferior to the preoperative range of motion. Another effect by
applying PG and fibrin sealant was that the total admission time was shortened
by 1.4 ± .0.4 days (p < 0.001), when the same criteria for discharge were used
for both groups. These data suggest that the application of autologous platelet gel
may contribute to better wound tissue healing. Also the coverage of oozing
wound sites may minimize adhesion and soft tissue contractions, probably
contributing to a lower incidence of arthrofibrosis in the treated patients. Patients
in whom arthrofibrosis was diagnosed, were later subjected to forced mobilization
under general anesthesia which resulted in increased mobility of the knee joint in
all patients.

In conclusion, we have shown that peri-operative applied PG and fibrin
sealant in total knee arthroplasty may contribute to an earlier and increased
range of motion of the knee joint and may reduce the incidence of arthrofibrosis
associated with total knee arthroplasty. The application of autologous growth
factors in orthopedic surgery could be developed into a routine procedure.
Future randomized controlled studies are now warranted to elucidate the
potential effect of PG and fibrin sealant in a variety of orthopedic surgical
procedures.
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ABSTRACT

This double blind study was designed to evaluate the beneficial effects of platelet-
leukocyte gel (PLG) on the postoperative recovery of patients undergoing open
subacromial decompression (OSD). PLG has been utilized during orthopedic and
non–orthopedic surgical procedures in attempt to enhance the healing process. 

Predonated blood was collected from 15 patients, the treated group, and
used as a source for the preparation of autologous PLG which was administered
during the surgical procedure. The post-operative recovery of the PLG-treated
patients and an equal number of non-treated, the control group, was followed
for 3 months. Patient self assessment evaluations, using the American Shoulder
and Elbow Surgeons scoring system of activities of daily living, joint instability,
pain levels and pain medications, and clinical evaluations for range of motion
were conducted. 

In the PLG-treated group, a more rapid recovery and earlier return to work
were noted. These patients also took less pain medication than did control
subjects.
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INTRODUCTION

Open subacromial decompression (OSD) treatment for chronic impingement
syndrome of the shoulder has been well documented1-3. The space between the
acromion and humeral head is normally narrow and decreases with abduction
of the arm. Any condition that further narrows this space can cause impingement
of the shoulder top, the humeral head and the underlying soft tissue. Impingement
can result from extrinsic compression or from rotator cuff insufficiency. Most
common symptoms of shoulder impingement are pain, weakness and limitation
in the range of motion.

During and after OSD surgery, the patients own defense mechanism is
activated to reduce bleeding and initiate wound healing. Platelets play a pivotal
role in this process through the formation of a platelet plug and activation of the
blood coagulation cascade. Activated platelets at the wound site release several
platelet growth factors, which initiate connective tissue healing and increase
mitogenesis, angiogenesis and macrophage migration4,5. At present, autologous
platelet-leukocyte gel (PLG) can be prepared safely from the patient’s own
blood. A unit of whole blood, collected just prior to surgery, is centrifuged to
obtain platelet-rich plasma (PRP). The PLG is then formed by mixing PRP with
a thrombin-calcium chloride preparation6. Treatment with PLG provides a
source of concentrated platelets, with alpha-granules that contain platelet-
derived growth factor (PDGF) and transforming growth factor bèta (TGF-β).
These growth factors augment the wound healing process7,8. The high
concentration of non-activated leukocytes, present in the PLG, promotes anti-
microbial activity at the wound site through destruction of bacteria and foreign
materials and removal of damaged tissue9. 

The success rate of an OSD depends on a rapid recovery of the shoulder
function. Time to recovery can be improved through good wound healing and
less postoperative pain. This is the first prospective randomized, blinded, study
in which autologous PLG has been used during OSD. The purpose of this study
was to evaluate the effect of PLG on surgical wound healing with emphasis on
the restoration of range of motion, activities of daily living (ADL), pain and pain
medication, as part of the treatment of impingement syndrome (Neer grade II)
using the American Shoulder and Elbow Surgeons’ (ASES) shoulder assessment
method to assess the study objectives10.
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MATERIAL AND METHODS

Study design

The study was approved by the Institutional Ethics Committee of the Catharina
Hospital and a written informed consent was obtained from each patient according
to the guidelines. Thirty patients were prospectively randomized into the study.
The patients in the treatment group (n =15) were injected with PLG, where the
control group was not injected. Patients were blinded with regard to which
group they were randomized, to prevent bias when answering questions on
pain sensation during the follow-up period. Patients were identified by number,
enabling a reviewer to identify and compare the test results. All patients were
diagnosed as having stage II impingement syndrome, based on a history of
typical anterior pain during shoulder elevation, loss of range of motion, and an
initial positive response to subacromial infiltration with a local anesthetic and
corticoids. None of the patients had previous non-operative treatment. Furthermore,
no patient showed evidence of a rotator cuff lesion on physical examination.
However, if a rotator cuff lesion during surgery was observed, the patient was
eliminated from the study. 

The post-operative examinations were performed by an independent
physician or nurse practitioner, blinded for the peri-operative patient treatment
to prevent bias during the shoulder function testing. The ASES scoring method
was used to evaluate patients before and after surgery. The ASES scoring system
is used to assess the outcome of patients after OSD, and produces scores
equivalent to those obtained with the Constant and University of California at
Los Angeles shoulder scales11. Furthermore, a psychometric analysis revealed
that the ASES score is a reliable and valid responsive outcome tool12.

Platelet gel preparation device

Preparation of PLG was performed with the Magellan™ Autologous Platelet
Separator System (Medtronic Inc, Minneapolis, MN, USA) (MAPS).This device
consists of a microprocessor-controlled centrifuge and two syringe pumps. One
unit of blood is drawn from each patient, and is then pumped into the MAPS
separation chamber. The blood sample is centrifuged at a speed of 1,200 x g-
force, separating erythrocytes from the plasma. The low-density platelets separate
and can be found between the red blood cells and the plasma. During
centrifugation the syringe starts with the collection of the erythrocytes. When
the light sensor in the MAPS detects the low-density platelets at the outer ends
of the chamber, a second syringe collects the platelet rich plasma (PRP).
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PLG preparation 

Blood for platelet gel preparation was drawn after induction of anesthesia from
all patients in the treatment group and the control group to guarantee patient
blinding. In patients randomized to the PLG group, a total of 104 mL of whole
blood was slowly drawn in two 60 mL syringes. Each syringe contained 52 mL
of blood and 8 mL of the anticoagulant citrate dextrose solution-A to prevent
clotting prior to the preparation of PRP. The MAPS was set to deliver 8 mL of
PRP after each cycle. A total volume of 16 mL of PRP was distributed into 3
aliquots: 0.5 mL of PRP was used to determine platelet and leukocyte count;
3.5 mL of PRP was used to prepare autologous thrombin for activating the PRP
to produce PLG6; the remaining 12 mL of PRP was used to prepare PLG which
was injected into the subacromial space after wound closure. 

Surgical technique

All patients were placed in the beach-chair position, and operated on by well
experienced surgeons in OSD surgery. OSD was performed via a 4 cm shoulder
strap skin incision, centered over the acromial clavicular joint. A deltoid
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deltoid layer and subcutaneous layer.



splitting incision was made with electro-cautery. The deltoid fibers were
subperiostially released from the anterior acromion. A standard anterior
acromioplasty was then performed, using an oscillating saw. The decompression
was completed when the acromion was considered flat. All osteophytes were
removed from the under surface. Prior to wound closure, the cuff was inspected
for tears. The deltoid was re-attached with absorbable sutures. The subcutaneous
layer was closed with a running suture and the skin was closed with a subcuticular
suture. No drains were used in either patient group in order to avoid draining
the PLG growth factors from the wound site.
Upon discharge, all patients had an armsling for support of their operated arm.
All patients were enrolled into a rehabilitation program, pain permitting. 

PLG application

In the treatment group, a blunt 14 G needle was placed in the subacromial
space during wound closure. Patients received an injection of 10 mL of PLG
after closure of the deltoid layer and subcutaneous layer, to avoid leakage of
PLG outside the wound area (Figure 1). Before skin closure an additional 3 mL
of PLG was injected through the subcutaneous layer.

Outcome assessment

Data on the preoperative shoulder function was recorded. The ASES shoulder
function assessment method is used to assess the ability to perform activities of
daily living (ADL), and includes a patient self evaluation form, and a physician
assessment score to determine shoulder function including range of motion. The
patient self-evaluation section contained visual analog scales for pain (VAS) on a
ten-point scale. Ten ADL were assessed on a four-point ordinal scale. Patients
were requested to keep a journal from the first postoperative week until 6 weeks
post surgery to subjectively score symptoms, function, and ADL. Pain medication,
instability and an ADL questionnaire (Table 1) were completed in the absence of
a physician. Pain medication was recorded as either regular (e.g. aspirin or
ibuprofen) or strong (e.g. codeine and naproxen). The shoulder index score (SIS)
was calculated from data obtained from the ADL form and VAS assessment. Time
to recovery of shoulder function was assessed with the interval until resumption
of work, time until improvement in symptoms and ADL. 

The improvement in range of motion was assessed by an investigator who
was blinded for the treatment given. A goniometer was used to determine
passive and active range of motion, which was defined as forward elevation,
external rotation, external rotation with arm at 90º abduction, internal rotation
noting the highest point of the spinal anatomy, and cross body adduction.
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1. Put on a coat 2. Sleep on painful or affected side
3. Wash back 4. Manage toileting
5. Comb hair 6. Reach a high self
7. Lift 10 lbs. above affected shoulder 8. Through a ball overhand with affected shoulder
9. Do usual work 10. Do usual sport

Table 1. Items in the ASES patient self assessment scale for ADL. (Scores for items are; 0 =

unable to do; 1= very difficult to do; 2= somewhat difficult; 3= not difficult).

Patients of both groups entered the same postoperative rehabilitation
program. Patients were not immobilized and started with passive exercises to
promote the range of motion early in the postoperative period. Formal physical
therapy, including standard physical therapy pulley exercises, was started in the
second postoperative week and continued until the return of full range of
motion. After achieving full range of motion, patients were able to could choose
to continue physical therapy or begin a strengthening program at home 

Statistical methods

Study data were collected on customized case report forms and entered into a
computerized database that allowed unbiased and reliable data management.
Statistical analysis utilized SAS® statistical software (SAS Institute, Cary NC,
USA 2003). Categorical data were expressed as percentages with all 30
patients included. Measured data were expressed as the mean ± one standard
deviation.

Univariate analysis was performed by means of the Fisher’s exact test on
all categorical data and the Student’s t-test on all measured data. Differences
between means were analyzed using the Student’s t-test and Satterthwaite’s
Approximation which does not assume equal variances and provides a more
conservative test of significance than would the standard t-test13. A two sided
p ≤ 0.05 was considered to be statistically significant. 

RESULTS

The base line characteristics for the two groups are shown in Table 2. The groups
showed a similar distribution for age and gender and there were no differences
in the duration of symptoms prior to surgery. Also important the preoperative
findings of VAS scores, functional range of motion, and SIS were similar among
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the two groups. All surgical procedures were uneventful, with no peri- or
postoperative complications. All patient self –assessment forms were returned
to the investigator and all patients completed the follow-up period.

OSD – PLG OSD + PLG
(n = 15) (n = 15)

Age (years) 50 ± 14 52 ± 11
Female/Male, n 10/5 8/7
Right/Left, n 12/3 12/3
Dominant/Non-dominant side, n 9/6 10/5
Working/sedentary, n 11/4 13/2
SIS (out of 100 max), % 37 ± 18 39 ± 14

Table 2. Patient characteristics having OSD with or without platelet-leukocyte gel treatment.

(OSD – PLG: open subacromial decompression with no platelet-leukocyte gel

application; OSD + PLG: open subacromial decompression with platelet-leukocyte gel

application)

PLG

The preoperative platelet count of PLG treated patients after MAPS centrifugation
increased from 206 ± 42 (109/L) to 1,183 ± 396 (109/L) in the PRP, a 5.7 fold
increase from baseline (p < 0.001). The leukocyte count increased 2.7 fold from
the baseline value in the PLG when compared to the preoperative leukocyte
count (p < 0.001) 

Pain and SIS

In the PLG treated patients, a decrease in the VAS pain score was observed when
compared to the non treated patients (p < 0.001) (Figure 2). After three months
of follow-up, pain decreased markedly in both groups. 
The PLG treated patients used significantly less pain medication with only one
patient using regular pain medication until the end of the second week (p <
0.001). Ten control group patients were on regular or heavy pain medication
during this period and continued using pain medication until six weeks
postoperatively (Table 3). The SIS was significantly better during the postoperative
period for patients treated with PLG (p < 0.001) (Figure 3). At the end of the
follow-up period, a satisfying SIS was achieved in both groups. The control group
improved 35% compared to the PLG-treated patients, who improved 47% on
average compared to the preoperative SIS measurements. 
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OSD – PLG OSD + PLG
(n = 15) (n = 15)

Regular/strong Mean (Range) Regular/strong Mean (Range)
Pre-operative 6/3 1.8 (0-6) 5/2 1.2 (0-5)
1 week P.O. 5/5 2.7 (0-6) 5/0 * 3.1 (0-6)
2 weeks P.O 8/2 1.6 (0-6) 1/0 * 0 *
4 weeks P.O. 2/2 0.5 (0-2) 1/0 * 0 *
6 weeks P.O. 2/1 0.4 (0-2) 0 0 *

Table 3. Postoperative use of pain medication after OSD for PLG treated and control groups.

(OSD: open subacromial decompression; PLG: platelet-leukocyte gel)

* p < 0.001 compared to control group

Instability

The patient self assessment score for instability showed no significant difference
between these two groups (Table 4). During the postoperative period patients in
the PLG treated group experienced slightly less shoulder instability. However,
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Figure 2. VAS pain score until 6 weeks postoperatively for control and PLG treated patients.

* p < 0.001 compared to control group. (VAS: visual analogue scale; PLG: platelet-

leukocyte gel).



the physician Instability scores did not show differences between the two
groups (p = 0.13) the difference in number of patients not experiencing
instability was one patient less in the PLG group. In treated patients, the
instability score was not significantly better when compared to control patients
(p = 0.13). Six weeks postoperative the VAS scores of the control group versus
treatment group were 2.0 ± 2.0 and 1.1 ± 0.3 respectively, although the mean
score were different.

OSD – PLG OSD + PLG
(n = 15) (n = 15)

Yes/No Instable score Yes/No Instable score
Pre-operative 4/11 3.7 ± 2.9 (0-9) 5/10 3.3 ± 2.7 (0-8)
1 week P.O. 4/11 2.9 ± 2.6 (0-8) 3/12 1.8 ± 2.1 (0-8)
2 weeks P.O. 3/12 1.6 ± 1.6 (0-6) 2/13 1.4 ± 0.6 (0-3)
4 weeks P.O. 3/12 2.1 ± 1.9 (0-6) 2/13 1.7 ± 0.9 (0-4)
6 weeks P.O. 2/13 2.0 ± 2.0 (0-6) 1/14 1.1 ± 0.3 (0-2)

Table 4. Patient self evaluation instability score.
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Figure 3. SIS score up to 6 weeks postoperatively of control and PLG treated patients.

* p < 0.001 compared to control group (SIS: shoulder index score)



ADL

PLG treated patients were able to perform more activities listed on the ADL
questionnaire two weeks postoperative (p < 0.05) and they continued to perform
better than the control patients, until six weeks postoperatively. Four weeks after
surgery PLG treated patients were able to increase ADL performance and were
able to sleep on the operated shoulder (p < 0.05). Patients in the treatment group
were able to return to work earlier than did control patients. 

Range of motion

Two weeks post-operative, PLG treated patients significant improved passive
forward elevation (p < 0.001), external rotation, external rotation with arm at
90º abduction, internal rotation, and cross body adduction compared to control
patients. At four and six weeks post-surgery, PLG-treated patients still performed
better than did control patients, who tended to “catch up” at three months
postoperatively (Figure 4-7). 
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DISCUSSION

Shoulder impingement is a common disorder and OSD has proven useful where
conservative, non-operative, therapies were unsuccessful. The results of a well-
performed acromioplasty are dependent on the time of postoperative rehabilitation.
We have studied the outcome of OSD in combination with the application of
PLG at the end of the surgical procedure. 

PLG is prepared from autologous predonated whole blood and can be
applied locally in the wound site to enhance soft tissue regeneration. The
rationale to use PLG is the high contents of platelets, leukocytes, and thrombin.
PLG forms a source of growth factors, which are already present in-vivo, at
tissue wound sites14-16. PLG has been used successfully to support wound
healing17, control bleeding6, promote bone growth18, and reduce infections19.
After a surgical incision, tissue repair begins with platelet plug formation,
activation of the coagulation cascade and platelet degranulation. Platelet
degranulation results in the release of platelet growth factors, including
transforming growth factors-alpha and -bèta (TGF-α, TGF-β), platelet derived
growth factor, strain AB (PDGF-AB), fibroblast growth factor (FGF) and

177

Recovery of shoulder function

0

1 0

2 0

3 0

4 0

5 0

6 0

Degrees *         * 

Control PLG 

Pre-Op 2week P.O. 4week P.O. 6week P.O. 12week P.O.

Cross body adduction

Figure 7. Degrees of cross-body adduction for control and PLG treated patients.

* p < 0.001 compared to control group



epidermal growth factor (EGF)20. During the different stages of wound healing,
these specific platelet growth factors regulate processes involved in cell-cell
and cell-matrix interactions required for wound healing. Various studies show
benefit of autologous PLG application. The platelet growth factors can work
synergistically, promoting mitogenesis of mesenchymal stem cells at the wound
site21-23. 

In this study, patients treated with PLG had a more successful
rehabilitation, with an earlier recovery of shoulder function. This was not solely
due to less pain. The external/internal rotation movement pattern was
significantly better in treated patients, and this pattern is only weakly correlated
to pain, as indicated by Holm et al.24. Therefore, we propose that a high
concentration of platelet-derived growth factors at the surgical wound site
improves tissue healing, resulting in an improved shoulder function with an
earlier return of activities of daily living. A drawback of this study is that patients
were only followed up to three months. Thus it is not know at what point in
time the non-treated patients were able to perform the same activities as the
PLG treated patients.

In a wound treatment study by Crovetti et al., a reduction in pain sensation
was observed when PLG was applied, but they offered no explanation for these
observations7. In our study, the application of PLG resulted in less postoperative
pain, decreased usage of pain medication, and a quicker recovery of shoulder
function. Santavirta and co-workers studied shoulder pain originating from the
subacromial bursa. They performed an immunohistochemical study in patients
operated for OSD and demonstrated that immunoreactive sensory afferent
fibers arise in the subacromial bursa25. Interestingly, Sprott et al. reported on
pain reduction following acupuncture and measured a decrease in serotonin (5-
HT) concentration in platelets from these patients and an increase in 5-HT
levels in plasma, suggesting normalization of plasma 5-HT levels due to the
mobilization of platelet 5-HT 26. We also showed pain reduction after treatment
with PLG, which might be the result of the applied PLG. Except for the alpha
granules, platelets also contain dense granules, which hold large amounts of 5-
HT27. Since the platelet counts were almost six fold higher in the PLG, 5-HT
might have been released at the wound site following platelet activation. 
Also, a chronic inflammatory reaction has been demonstrated28, resulting in the
activation of nociceptors. These patients develop serious pain complaints29.
Blaine et al. proposed to use anti-inflammatory agents for the treatment of
subacromial impingement, in order to reduce inflammation30. In this regard, we
postulate an additional effect of PLG when applied to inflammatory tissues,
since we demonstrated the presence of high concentrations of viable
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leukocytes, in particular neutrophils and monocytes9. In addition, platelet
growth factors initiate macrophage migration4.

Pain is an important symptom in patients with impingement syndrome and
the postoperative assessments show that the ASES shoulder scores and range of
motion were significantly improved in PLG treated patients. The control group
did not show the same clinical results as did the treated group, even after three
months of rehabilitation. The impaired range of motion and increased sensation
of shoulder pain could not be explained by base-line differences between the
two groups or tears of the rotator cuff which did not occur. Furthermore, the
earlier functional recovery of PLG treated patients was not hindered by surgery
of the non-dominant shoulder, as stated by Patel et al. 31, since we had an even
distribution of dominant and non-dominant shoulders being operated on in our
study.

In conclusion, this is the first prospective, randomized, blinded study
using subacromial applied PLG during OSD surgery. We demonstrated that the
use of PLG in OSD is very effective for regaining early shoulder function with
better control of postoperative pain. Future studies are warranted to elucidate
the long term effects of PLG application on shoulder function, and to clarify the
role of leukocytes as an anti-inflammatory agent of PLG.
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ABSTRACT

Background:

In a variety of surgical procedures the use of bone graft is part of the protocol.
Ideally autogenous bone obtained from the individual patient would be the
preferred material, but is not always available. Therefore, the search for alternative
bone materials and strategies to stimulate autogenous bone growth is warranted.
A goat model was utilized to this goal.

Methods:

Two three-compartment cages containing autogenous bone, calcium phosphate,
and trabecular metal, were implanted onto goat spinal transverse processes. One
cage was immersed with platelet-leukocyte gel (PLG) prepared from autologous
blood samples, the untreated cage served as a control. Nine weeks post
implantation, bone growth in these 3 compartments from gel treated cages and
controls, were studies with a microscope on sample sections.

Results:

Compared to the control samples, bone growth in the PLG treated autogenous
bone and calcium phosphate samples was significantly stronger. Relatively little
bone growth in the trabecular metal samples and no differences in the PLG
treated or untreated TM scaffolds were observed.

Conclusions and clinical relevance:

The results obtained from this goat model suggest a potential application for the
addition of autologous PLG in surgery for patients using autogenous bone graft
or calcium phosphate scaffolds.
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INTRODUCTION

Bone grafts are widely used in orthopedic surgery, maxillofacial surgery, and
neurosurgery for the management of fracture non-unions, spinal fusion, and
reconstructive surgery. Occasionally, they are also employed in total joint
revision arthroplasty, alveolar bone loss and mandibular reconstructions1-5. The
traditional approach for bone grafting uses autogenous derived bone6. However,
the availability of autogenous bone is restricted and harvesting is often
associated with morbidity7,8. Therefore, bone graft substitutes are considered to
provide a functional substitute for autograft bone. The success of bone grafting
procedures depends, among others, on the bone healing time for graft host
integration9. This process involves a variety of biological actions, including an
adequate blood supply and availability of an osteoconductive matrix10.
Furthermore, growth factors play an important role in this process by providing
signaling for osteoinduction, through an osteogenic cell response to these
signals11.

Platelets, essential in soft tissue healing and bone regeneration12, are
present in the blood clot that is formed at tissue injury sites of coagulation
resulting in platelet degranulation. Subsequently, multiple growth factors and
cytokines, including platelet-derived growth factor (PDGF), transforming
growth factor-β (TGF-β), vascular endothelial growth factor (VGEF), osteocalcin
and platelet factor 4, are released13,14. All of these growth factors and platelet
proteins may contribute to bone regeneration and vascular proliferation.
Furthermore, during the different stages of fracture healing, platelets act as an
exogenous source of growth factors that stimulate osteogenesis15,16. PDGF has
mitogenic properties acting as a chemotactic agent, recruiting mesenchymal
stem cells which differentiate at the wound site into osteoclasts17. At higher
concentrations PDGF may also increase the proliferation of cells and promote
the formation of the extracellular matrix18. TGF-β, an important bone stimulatory
growth factor, is only present in bone and platelets, and was suggested to be
one of the local regulators of bone formation and resorption19.

Bone substitutes should be biocompatible, osteoconductive, and
osteoinductive, with similar structural characteristics to autograft bone, and
easy to be used20. Platelet leukocyte gel (PLG) is composed of a high concentration
of platelets, leukocytes, and thrombin and is a source of growth factors, which
are normally, in-vivo, also present at tissue wound sites 9-16, 21-23. PLG is
prepared from an autologous unit of whole blood and can be potentially be
applied locally to autograft bone or bone substitutes, to enhance bone
regeneration due to the presence of a high concentration of platelet growth
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factors24. The aim of this study was to investigate a potential in-vivo clinical
effect of PLG on bone regeneration, using autogenous bone and two different
bone substitutes in a goat transverse process implant model.

MATERIALS AND METHODS

Animals:

The institutional animal care committee of the University of Utrecht approved
the study protocol. Adult Dutch milk goats (24-27 months) were acquired and
allowed to acclimate for at least 3 weeks.

Experimental design

A total of ten adult goats were used for the current experiment. In each goat, on
the transverse processes of the L4 vertebrae, a three-lane (section) polyacetal
cage was placed containing autograft bone (AB), porous biphasic calcium
phosphate (BCP) or porous trabecular metal (TM), in randomized order. One
side was additionally treated with platelet-leukocyte gel (PLG), and the other
served as control, with no additional treatment. The animals were sacrificed
after nine weeks and implant sites were processed for (fluorescence) histology
and histomorphometry (bone area and bone contact length) to determine the
effect of PLG on each of the three bone substitutes.

Anesthesia:

The procedures were performed under general anesthesia using an isoflurane in
air gas mixture (Abbott Laboratories, AST Pharma, Oudewater, The Netherlands)
preceded by dexmedotomidine sedation (Pfizer, Capelle aan de IJssel, The
Netherlands).Whole blood was obtained via a 17 G intravenous infusion
catheter inserted into the jugular vein. Two 60 mL syringes were pre-filled with
7 mL of anticoagulant citrate dextrose A solution. A total of 53 mL of whole
blood was slowly withdrawn via the infusion line in each syringe. After the
syringes were filled, they were inverted five times to ensure proper mixing with
the anti-coagulant to avoid blood clotting.

Surgical Technique

After shaving and disinfecting the dorsal thoracolumbar region, a midline
incision from the level of T5 until T10, which extended along the right iliac
wing, was made to expose the paraspinal muscles and iliac wing. Bilateral
incisions were made though the paraspinal muscles to expose both transverse
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processes of the L4 vertebrae. These processes were decorticated with an
angled bone rasp until a flat, bleeding surface was obtained. 

Two spinal cassettes (cages) for each animal were aseptically assembled
with six grafts arranged according to a randomized complete block design.
Autograft bone, for one of the three treatments in each cage, was obtained as
tricortical graft from the right iliac wing. The collected bone was fragmented in
bone chips prior cage implantation. One cage was screwed to each transverse
process (Figure 1). Slight finger pressure was applied to the top of the blocks of
the cassette to ensure direct contact of all grafts with the underlying bone.

The muscle fascia, subcutaneous tissues and skin were subsequently
closed in layers. Postoperative pain relief was provided by buprenorphin
(Schering-Plough, Maarssen, and The Netherlands). 

Spinal cages and bone substitutes

Polyacetal cages were placed in the goat lumbar spine transverse processes.
This comparative model was previously described more detail25. Each cage
consisted of two side walls, two end pieces, four stainless steel machine screws
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Figure 1. Illustration showing a cage, with the three sections, screwed to the 

decorticated L4 transverse processes, with platelet-leukocyte gel applied to it.



for cage assembly and two self-tapping bone screws to place and fix the cages
to the decorticated transverse processes. Each cage consisted of three sections,
separated by tightly fitted Teflon® sheets. In addition to the AB, as described
above, the sections were filled with biphasic calcium phosphate (BCP; Isotis,
Bilthoven, The Netherlands). and trabecular metal (TM; Zimmer, Winterthur,
Switzerland). The BCP material had an 80/20 weight percent ratio of
hydroxyapatite /bèta-tricalcium phosphate, respectively. The BCP was
approximately 65% porous, including 10–20% microporosity, with a pore size
of 200–800 mm. The TM material, a trabecular metal composed of a carbon
substrate that has elemental tantalum deposited on the surface, has 80%
porosity. The sections were open to both the underlying bone and overlying soft
tissues and had cross sections of 0.8 by 5.0 mm and were 8.0 mm in length. The
entire cage components, including BCP and TM, were sterilized as individual
pieces by autoclave.

During cage implantation, the prepared bone chips, BCP and TM were
placed in the PRP. Shortly before the cage was filled, the PRP was activated to
form a PLG cloth which covered the section filling materials. After the cage was
filled, 3 mL of PLG was evenly applied on top of the cage sections prior to
wound closure. An additional 3 mL of PLG was applied, after the skin was
closed, into the wound via a 14 G Tuohy epidural needle to ensure that the PLG
was in a contained environment avoiding any leakage of growth factors. 

Platelet rich plasma preparation method:

The preparation of platelet rich plasma (PRP) was performed using the Angel
Whole Blood Processing System™ (AWBPS; Sorin Group, Mirandola, Italy),
which is a semi-automated table-top centrifuge system using a flat-disc, separating
variable blood volumes ranging from 60 to 180 mL, into three separate
components. The blood withdrawn from the animals was injected in the blood
collection reservoir of the AWBPS. Following centrifugation at 3,200 rpm, at
1,200 x G for19 minutes, the platelet-poor plasma (PPP) was removed, PRP was
collected and the erythrocyte concentrate was collected in a re-transfusion bag
(Figure 2). PRP was mixed with 10% calcium chloride and bovine thrombin (500
U/mL; Jones Pharma Inc, St Louis, MO, USA) in a 10:1 ratio to create PLG. The
PPP and erythrocyte concentrate were re-transfused to the animals.

Transforming growth factor- β1 determination:

TGF-β1 concentrations in the circulating whole blood and PG supernatant
were measured with a commercially available enzyme-linked immunosorbent
assay kit (ELISA) (R&D Systems, Minneapolis MN, USA) that had been validated
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for measuring TGF-β (Quantikine TFG-β), according to the manufacturer’s
instructions. The ELISA procedures were programmed in an automated analyzer
(Coda Automated EIA™ analyzer; Bio-Rad Laboratories, Hercules CA, USA).

Samples were measured in duplicate, and in appropriate dilutions
prepared as required for the respective calibration curves. Repeat analysis was
performed when differences between duplicates were larger than 10%. 

Fluorochrome labeling

Sequential fluorochrome markers were administrated at two weeks (Calcein
Green, 10 mg/kg intravenously, Sigma, Zwijndrecht, The Netherlands); three
weeks (Oxytetracyclin, Engemycine 32 mg/kg intramuscularly, Mycofarm, De
Bilt, The Netherlands) and five weeks (Xylenol Orange, 80 mg/kg intravenously,
Sigma, Zwijndrecht, The Netherlands). 

Histological processing and histomorphometric analysis

At nine weeks, the animals were killed with an overdose of pentobarbital
(Organon, Oss, The Netherlands) and the implants were retrieved by removing
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Figure 2. Schematic representation of the platelet rich plasma preparation method.

1: Whole blood (WB) is injected via the roller pump in the Angel™ whole blood

processing system, blood is pumped in the disk and sequestered; 2: platelet poor

plasma (PPP) is removed from the disk followed by the collection of; 3: platelet rich

plasma (PRP) and; 4: red blood cells (RBC).



the entire transverse processes of L4. The explanted samples were fixed in a
solution of 4% paraformaldehyde, dehydrated by ethanol series and embedded
in polymethylmethacrylate, during a two-week period. Two centrally located
10, Germany). The first section remained unstained for epifluorescence
microscopy and the second section was stained with methylene blue and basic
fuchsine. Tissue response, bone formation and the fluorochrome markers were
evaluated using a light/fluorescence microscope (E600, Nikon, Japan) equipped
with a quadruple filter block (XF57, dichroic mirror 400, 485, 558 and 640
nm, Omega Optics, The Netherlands). High-resolution digital scans of the
stained sections were made for histomorphometry using a photographic film
scanner (Dimage Scan Elite 5400, Minolta, Japan). Subsequently the scans were
pseudocolored, bone with yellow and scaffold with green, using the Adobe
Photoshop 7.0 on a commercial PC. Histomorphometry was performed using
KS400 software (version 3, Zeiss, Nussloch, Germany). 

A custom computer macro was developed to measure in each channel the
bone height, the bone area, and the length of direct contact between bone and
scaffold in the BCP and TM channel (bone contact length). This allowed the
calculation of the percent bone in the available section (bone area %) and the
percent of bone apposition (contact %)26. Since AB does not have a scaffold
area, we determined the effect of PLG on the AB growth by measuring bone
height and bone area in square millimeters in the appropriate cage space. The
contact % was calculated since new bone exclusively forms by apposition on
the scaffold surface27.

Statistical analysis

Statistical analysis utilized SAS statistical software (SAS Institute, Cary NC, USA,
2003). Data were expressed as mean ± one standard deviation. Each of 10
animals had 3 chambers (groups), each with PLG treatment and control. There
were a total of 58 observations made due to technical analytical problems with
one chamber. The group values represent the findings in ten animals. Statistically
significant differences between groups were determined using analysis of
variance and Tukey's student range test on each principal effect means to account
for multiple comparisons. In the case where the group sizes were different, the
Tukey-Kramer test was used. To verify that the unbalanced cells (nine observations
in two groups rather than ten) did not affect the results, general linear models
were calculated. For all statistical tests, a p-value < 0.05 was significant.
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RESULTS

All animals recovered well from surgery, without complications, and survived
the follow-up period without difficulties. All cages were firmly attached to the
underlying transverse processes when removed from the animals. A typical
example of a cross section from a retrieved cage used for histomorphometric
analysis is shown in Figure 3. The TGF-β1 concentration of the PLG, 108,789
pg/mL ± 31,133, was significantly increased when compared to the circulating
blood levels 16,192 ± 4,088 pg/mL (p < 0.001).

Histological observations showed no signs of infections or adverse tissue
reactions, and stained sections revealed bone growth in BCP and AB sections of
the control cages. Nevertheless, the control TM sections demonstrated poor
bone formation, with no observable effect of the applied PLG. However, in the
BCP and AB sections of the PLG treated cages, more bone integration was
observed as compared to the non-treated cages (Figure 4).

Fluorescent microscopy of the three labels revealed the dynamics of bone
formation from the AB implant and the two scaffolds. This confirmed that bone
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Figure 3. Image of a mid section of PLG treated cage, screwed on the transverse processes. From

left to right between the screws of the polyacetal end pieces: A: bicalcium phosphate;

B: autogenous bone; C: trabecular metal.



grew from the underlying transverse processes towards the upper part of the
cage during the nine weeks follow-up period in the PLG treated cages. 

The first label (two weeks) was only present in the lower part and the last
label (5 weeks) in the upper part of the section. Application of PLG resulted in
more bone growth after 5 weeks (Figure 5). 

Histomorphometric data (Table 1) of the control cages showed a difference
in bone apposition (contact %) between BCP and TM scaffolds, 8.3 ± 6.2 % and
0.73 ± 0.79 % respectively (p < 0.001). Regarding the application of PLG, bone
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Figure 4. Typical histology sample prepared for histomorphometric analysis.. A low magnification

image of a mid section through a control cage (A) and a platelet-leukocyte gel treated

cage (B) from the same animal. All three sections, separated by Teflon sheets, can be

seen. The difference in pore size can be observed, with a preference of bone (yellow) for

apposition in the larger pores. In C the same image from. In (B and D) a pseudocolored

version of images 4A and B (green = scaffold, yellow = bone). (Bar = 10 mm)



apposition in the BCP sections was greater when compared to control sections (p
< 0.001), whereas no effect of PLG was seen for the TM sections (p = 0.34). 

The percent of bone present in the non-treated BCP sections (bone area %)
was 8.0 ± 4.1 % and in the TM sections 3.2 ± 1.9 %. A highly significant effect
of PLG in bone area % was seen in the BCP section (12.8 ± 3.1 %, p < 0.001)
when compared to the TM sections (3.4 ± 2.0 %, p = 0.37) The bone height and
bone area were significantly greater when PLG was used in the BCP and AB
sections, whereas no effect was present in the TM sections. Analysis revealed
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Figure 5. Fluorescent microscopy. Composition image of an autogenous bone filled section after

platelet-leukocyte gel application. The green (2 weeks), yellow (3 weeks) and orange

(5 weeks) labels are present in the underlying transverse processes and the cage area.

(T-P: transverse processes)



that the potential bone contact length of the TM scaffold was greater than for
the BCP in the treated and non-treated cages (p < 0.001). 

DISCUSSION

In this study we demonstrated that the application of platelet-leukocyte growth
factor gel promoted new bone formation when autogenous bone and BCP was
used in a goat spinal transverse processes implant model. To improve bone
regeneration time, the addition of growth factors to bone and other scaffolds
has been advocated28,29. 

Among the various growth factors, platelet-derived growth factor AB
(PDGF-AB), TGF-β and vascular endothelial growth factor (VEGF) appear to be
associated with bone regeneration30. PDGF plays an important role in
inducing proliferation of undifferentiated mesenchymal cells. PDGF activity is
modulated by interactions with several other growth factors such as TGF-β and
other pro-inflammatory cytokines as interleukin and tumor necrosis factor31.
This suggests that PDGF is an important mediator for bone healing and
remodeling. It also enhances bone regeneration in conjunction with other
growth factors, but it is unlikely that PDGF provides entirely osteogenic
properties by itself. 

Transforming growth factor bèta belongs to a large group of cytokines with
an important role in the development of many tissues32. At present, more than
30 proteins belong to the TGF-β super family, such as TGF-β, activins and bone
morphogenetic proteins (BMPs). In-vivo TGF-β is present in many tissues,
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BCP BCP+PLG
Bone apposition (contact %) 8.3 ± 7.2 14.9 ± 6.6 ‡ #
Bone area (%) 8.5 ± 5.1 12.8 ± 3.4 ‡ #
Bone height (mm) 5.2 ± 2.2 7.0 ± 1.6 * #
Bone area (mm2) 1.7 ± 0.9 2.7 ± 0.8 * #
Bone contact length (mm) 133 ± 17 132 ± 22

Table 1. Effect of PLG on bone growth parameters for autogenous bone, bicalcium phosphate,

trabecular metal and autogenous bone. Data represent mean values and ± standard

deviation.

* p < 0.05, compared to control section

‡ p < 0.001, compared to control section

# p < 0.001, compared to the TM scaffold treated with PLG.



particularly in bone, platelets and cartilage and acts as a potent inhibitor of
growth factors for many types of cells, especially epithelial cells, endothelial
cells and haematopoietic cells33. The TGF-β measurements referred to in this
article is the TGF-β1 and TGF-β2 proteins, which are the common proteins and
generic growth factors involved with bone regeneration and connective tissue
repair34. The most important functions of TGF-β seem to be chemotaxis and
mitogenesis of osteoblasts precursors, which are enriched in receptors for TGF-
β, affecting the bone-healing process35. In addition, they have the ability to
stimulate osteoblasts deposition of the collagen matrix involved in wound
healing and of bone growth36. Furthermore, TGF-β restrains osteoclast
development and bone resorption, thus supporting bone formation rather than
resorption by two different mechanisms37. 

It is presumed that PDGF, TGF-β and epidermal growth factor are released
from platelet clots at the time of fracture34. Slater et al. demonstrated that the
addition of medium derived from human platelets stimulates the proliferation of
human osteoblast-like cells15. In addition, osteoblasts also secrete PDGF, TGF-
β and other growth factors found in platelets38. It is therefore a reasonable
hypothesis that the exogenous application of concentrated, activated platelets
with the subsequent release of platelet growth factors, might lead to an
improved, faster bone growth. 

Human and animal studies have demonstrated a significant increase in
PDGF, TGF-β, and VEGF concentrations in activated PLG, compared to
circulating blood24,39,40. In this study we only measured TGF-β, since there are
no reliable PDGF and VGEF assays available to measure these growth factor
concentrations in goat blood. In this study, the PLG, compared to the
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TM TM+PLG AB AB+PLG
0.73 ± 0.79 0.41 ± 0.6 N/A N/A
3.2 ± 1.9 3.4 ± 2.0 N/A N/A
0.97 ± 0.7 0.84 ± 0.4 3.5 ± 1.0 5.0 ± 1.5 *
0.74 ± 0.5 0.73 ± 0.4 2.0 ± 0.83 3.3 ± 1.3 *
182 ± 9 ‡ 183 ± 5 N/A N/A



circulating blood, had a five fold increase in TGF-β concentrations (p < 0.001),
confirming previous reports from Anitua and Weibrich41,42.

In our study, the effect of PLG treated cages compared to control non-PLG
cages could be assessed, since both cages were implanted in the same animal,
and the position of the scaffolds in each cage was randomly selected. Similar
studies indicated that this transverse process goat model is reproducible and
provides results for evaluating bone growth by histomorphometric analysis and
fluorochrome labeling26. The objective in this model was not to identify optimal
scaffold characteristics, but merely to study the effect of PLG on autogenous
bone and two bone substitutes. PLG in combination with different bone
materials has been used in a variety of clinical and animal studies, showing that
PLG may or may not enhance bone formation and bone maturation43-45. Analysis
of these conflicting data revealed that a no outcome or a negative outcome
could be contributed to small study sizes, the non-availability of standardized
PLG preparation protocols, the lack of a general consensus on the definition of
autologous PLG, and differences in application techniques46. However, our
data on bone growth with autogenous bone scaffolds are in accordance with
the results from a goat study of Fennis et al, who used platelet concentrates in
combination with particulate cancellous bone grafts during mandibular
reconstructions47. 

We demonstrated that the addition of PLG resulted in significantly more
bone growth from the transverse processes in the autogenous bone and BCP
sections, compared to the same sections in the contralateral, non PLG, treated
transverse processes. In general, the AB and BCP sections were far better than
the TM scaffolds. This might be due to the differences in pore size and the
potential bone contact area of the TM and BCP scaffolds. Macro- and micro-
porosities, the chemical composition of scaffolds and other factors as scaffold
surface characteristics for bone cell attachment might influence the local
micro-environment for bone growth26,48.

In conclusion, this study demonstrates that autologous prepared platelet-
leukocyte gel contains a high concentration of transforming growth factor bèta,
and its application to autologous bone and BCP produced a quantifiable
enhanced bone growth in comparison with non-treated grafts. The augmentation
of bone defects by exogenous topical application of autologous derived platelet
growth factors is a challenge, with a large potential for a variety of clinical
indications. Future research should be directed to establish, standardization of
preparation methods and application techniques for platelet-leukocyte gel, and
establish guidelines for clinical implantation of platelet growth factor gel
therapies. 
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In the General Introduction of this thesis (Chapter 1), the study aims were
formulated to provide answers for the following questions: 1) what is the true
composition of platelet-leukocyte gel (PLG)?; 2) how can PLG be prepared?;
and to some extent, 3) what are the effects of PLG application on tissue healing
and bone growth? The first two questions were answered by in-vitro laboratory
studies (Chapters 3,4). The last question was evaluated in two in-vivo clinical
studies of total knee arthroplasty (Chapters 7,8) and open subacromial
decompression (Chapter 9). In addition, the effect of PLG on bone growth was
studied in an ex-vivo animal model (Chapter 10). In Chapter 2, a review on the
past, present, and possible future applications of PLG in medicine are
presented. Furthermore, the effect of PLG on bacterial killing was studied in
Chapter 5. In the addendum, the cellular structures of PLG are visualized by
electron microscopic imaging, confirming the conclusions drawn in Chapter 4.

In this chapter, the outcome of our PLG work is guardedly reviewed in order
to evaluate the present position of PLG applications in health care. The format
chosen to reassess our work on PLG is by means of a SWOT analysis. The SWOT
analysis is an excellent tool for understanding and decision-making for all sorts of
situations in new technologies, business, and health care organizations. SWOT
analysis is a very effective way to determine the Strengths, Weaknesses,
Opportunities and Threats of our results as described in this thesis and might
contribute to further develop strategies to investigate PLG. 

STRENGTHS

Validation of what’s inside PLG

We were able to demonstrate that peripheral circulating blood can be safely
predonated for utilization by point-of care devices to separate whole blood into
its various components such as platelet rich plasma (PRP). We could confirm
the findings of several other studies in which a variety of PRP sequestration
devices were evaluated1-3. Depending on the whole blood sequestration
devices, platelet activation might be reduced to a minimum (Chapter 3). In the
literature, to our knowledge, only little information is available on factors
influencing PRP collection. Waters and Roberts mentioned in their review that
the blood drawing process itself might influence the platelet concentration of
PRP preparation4. 

The addition of thrombin will yield PLG, with the release of a variety of
platelet growth factors (Chapters 3,4), an observation also made by others5-7.
Furthermore, non-activated and intact white blood cells, (particularly neutrophils,
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monocytes, and lymphocytes), known for their chemotactic and phagocytic
properties, are present in the PLG. Our findings are in accordance with the data
described by Frechette et al.8. 

Determination of effects 

* The application of PLG led to favorable outcome results in two in-vivo studies
(Chapters 7,8). In total knee arthroplasty, the PLG treated patients had a better
outcome compared to control patients with regard to hemostasis, blood
product use, incidence of arthrofibrosis, and an earlier return of range of motion.
Our results were recently confirmed by Gardner et al. who studied similar
parameters on the use of PLG during total knee arthroplasty9. Their treated
patients performed better than control subjects, with regard to postoperative
bleeding, pain medication, and range of motion. 

* Following subacromial decompression in combination with PLG
application, less pain was observed, less need for pain medication, an earlier
recovery of shoulder function, and a subsequent earlier return of daily activities
(Chapter 9). We have no simple or plausible explanation for this observation to
explain the reduction in pain, other than referring to the role of serotonin and
the serotonin plasma shifts, as described by Sprott and colleagues10, and the
presence of high concentrations of viable leukocytes, in particular neutrophils
and monocytes (Chapter 4). Understanding why patients experience less pain
after PLG applications should be a subject of further research. 

* Bone growth was more pronounced when PLG was used in combination
with autogenous bone and a bone substitute in an ex-vivo model (Chapter 10).
Our data are in contrast with some of the data found in other animal models11-13.
A possible explanation for this discrepancy might be the use of a large variety of
different animal species, and inconsistency in the PRP preparation methodology.
Sometimes it is even not clear what the true composition of PLG has been in their
studies. However, studies performed by Fennis et al. using the same animal
model, showed a similar effect of PLG on autogenous bone growth14,15.

* Due to platelet antimicrobial proteins and the presence of leukocytes in
the PLG, a significant reduction in bacterial growth was noted in an in-vitro
study design. Our findings of platelets’ affectivity against bacterial killing are in
accordance with the findings of Krijgsveld et al.16, although their objective was
different from our study. Their focus was on platelet anti-microbial proteins,
whereas our primary objective was to elucidate an antimicrobial activity of
platelet-leukocyte gel against Staphylococcus Aureus (Chapter 5)
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Applicability 

Our methods to produce PLG (Chapter 3,4,7), offers the possibility to apply PLG
techniques in a wide range of (none) clinical surgical interventions. We demonstrated
that PLG can be obtained at a reproducible level, in variable volumes, in order to
meet the necessary requirements tailored to the individual patients’ need.

WEAKNESSES

What we don’t know

* The long term effects of PLG application on the functional recovery of
joint functions are unknown. We therefore don’t know whether treated
patients continue to have an improved joint function on the long run. 

* We did not investigate the viability of platelet growth factors once released
from their granules. We therefore don’t know when PLG loses its functional
capabilities. 

* Information about platelet growth factor half-life and the therapeutic dosages
for a positive effect after PLG treatment is unavailable.

* We did not investigate the effect of creating a more contained environment
(e.g. after capsular closure in shoulder decompression operations) for PLG
application, in order to create a more sustained release of growth factors.
A potential benefit for such an environment could be that the time during
which platelet growth factors can bind to their receptors is extended.

* The binding of platelet growth factors to their specific growth factor receptor
was not studied. Understanding the factors involved in this mechanism
could further improve PLG application outcomes.

* Anti-platelet clustering medications, such as clopedigrel, are given to a
large cohort of patients. Information is not yet available about the effects
of these specific drugs on platelet growth factor release or treatment
outcome when PLG has been used. 

Unfortunately, there are no data available on all of the above mentioned subjects,
and are therefore subject to further research.

Standardization

At present, there are no international accepted standards for the production of
platelet-rich plasma, autologous thrombin, and PLG. Consequently, the
reproducibility and quality of the PLG product might vary greatly. Furthermore,
no standards or recommendations exist on how, and when, to apply PLG to
tissues during a variety of surgical interventions. This lack of standardization has
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often contributed to the lack of positive outcomes following PLG application, or
even worse, to negative outcomes (Chapter 2). Zimmerman and co-workers
studied different methods for the preparation of platelets, according to standard
blood bank criteria17. We support their conclusions to identify factors
influencing platelet concentration preparation, and to use standard criteria to
obtain PRP.

Terminology

A majority of authors misquote that they used platelet-rich plasma in their
applications, but in fact they used thrombin and platelet-rich plasma to form
PLG. So, the absence of a clear terminology contributes to confusion and makes
it difficult to interpret the results obtained from other studies. Moreover, in
some instances PRP is used without thrombin at all, thereby producing a
completely different, and mostly, inactive material. A similar conclusion was
drawn by Bielecki et al.18, who stated that the currently used terminology to
describe the use of autologous platelet growth factor applications is incorrect.
We agree that PRP is an inactive substance, and platelets, containing growth
factors and other active substances, are only released after platelet activation.
However, we do not agree with their suggestion to use the term “platelet-rich
gel”. In this thesis, the term “platelet-leukocyte gel” instead of platelet gel was
introduced based upon our findings in Chapter 4 and the electron microscopic
evaluation. In our view, PLG describes more precisely the true content of this
biological product, i.e.: platelets, leukocytes, plasma, and thrombin19. 

Medico-economical analysis

In this thesis, the effect of PLG treatment was not evaluated in relation to costs
and benefits. In future studies, cost-benefit analysis will certainly be incorporated,
addressing not only short term but also long term costs effects. 
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Present applications Potential future medical areas
Cardiothoracic surgery Eye surgery
Cosmetic surgery Gynecology
General surgery Laparoscopic surgery
Orthopedic surgery Maxillo-facial surgery
Reconstructive surgery Peridontology
Traumatology Tissue engineering
Wound care management Vascular surgery

Table 1. Platelet-leukocyte gel applications in several medical areas.



OPPORTUNITIES

PLG applications in health care

Our results (Chapters 5,7,8,9,10) encourage a closer examination of PLG
applications in other surgical fields than those in this thesis. Table 1 details the
various medical disciplines in which PLG is currently being applied at our
institution. However, we acknowledge that the potential of PLG applications is
greater than our present capabilities allow us to treat/employ PLG in patients
who might benefit from it (italic indicates possible future medical areas). 

In wound care management the use of PLG might have a highly successful
effect, as shown by Mazucco et al.20. Patients suffering from chronic painful and
sometimes awful smelling wounds, are often socially isolated, and are at high
risk to undergo limb amputations. The application of PLG in well organized
wound care centers resulted in a significantly improved outcome21.

Following our data on pain reduction (Chapter 10), the use of PLG
treatment as a complimentary tool for existing conventional therapies might be
indicated. This is in agreement with the study performed by Mishra and Pavelko,
who applied successfully PLG to elbow epicondylar tendinosis with significantly
less pain when compared to non treated patients22.

Cost reduction 

We have shown in this thesis, that the application of PLG contributes to an earlier
recovery with less blood product transfusions, fewer intervention related
complications, shorter length of hospital stay, and earlier daily living activities in
patients operated for total knee arthroplasty and shoulder decompression
(Chapters 7,8,9). These beneficial effects influence not only directly to hospitals’
cost-savings, but also indirectly the National health care budget. Cost
effectiveness of PLG especially applies to wound care treatment with its huge
costs due to daily treatment of chronically ill patients, whereas the financial
impact of chronic wound care is enormous. In the U.S. alone, $20 billion is
annually spent to treat up to 5 million patients suffering from chronic wounds
23,24. Margolis et al.21 and Robson25 indicated that PLG treatment is more
effective than standard therapy in patients suffering from chronic wounds, and
further research should be initiated to demonstrate its efficacy.

Education

At present, only committed health care professionals such as perfusionists, operating
room personnel, anesthesiologists, and blood banks take care of autologous platelet
growth factor delivery services. Patients, who are operated in hospitals which do not
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have these professionals, will not be treated with PLG. Therefore, in the future there will
be a need for health care professionals competent to safely perform these services,
aware of surgical pathologies, and interventions, in order to obtain the best results
following PLG treatment. Consequently, a reduction in health care costs might be
expected. In this regard, we believe that in Europe a school for training and educating
medical professionals on the basics, efficacy, application techniques, and future
developments of PLG, should be founded. Most ideally, also doctors in surgical training
should be educated to execute PLG applications.

THREATS

Regulatory affairs

The absence of standardization with regard to PLG preparation and application
techniques might further hamper the development of this potentially novel
medical therapy. Only very few aspects of PLG preparation and application are
regulated and validated by governing bodies. Poorly trained hospital personnel
might affect the efficacy of PLG treatment and might contribute to a non-
significant outcome or even worse, an impaired outcome. 

Medical companies

Based on the latest PLG reports in the literature, an increasing number of
medical companies have shown an interest in developing platelet sequestration
devices, despite the fact that many questions regarding PLG technology still
remain unanswered. With an over enthusiastic interest in PLG applications, the
possibility arises that PLG applications might become a company driven
activity, instead of a well studied medical adjunct to health care.

Vulnerability

In general, a new health care concept such as PLG application is always
vulnerable because it is new, unfamiliar, and not yet recognized by the medical
community as an extension of professional practice. Furthermore, there is the
concern that new technologies might affect an already busy practice. However,
by means of multi disciplinary awareness, investigations, and understanding of
PLG capabilities, patient outcome and quality of care might be increased.

Furthermore, platelet rich plasma is a very sensitive blood product (unaware
to several users) and therefore, the conduct of a PLG procedure should be
performed with caution in order to create an optimal environment for success. 

(Un) fortunately, platelets do not come with an on/off switch.
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FUTURE PERSPECTIVES.

Future in-vivo, in-vitro, and animal studies should be directed to give answer to
some of the questions stated in this SWOT analysis. Ultimately, reliable evidence
should be obtained to provide evidence that the use of autologous prepared
platelet-leukocyte gel could be a supportive and valuable “instrument” for the
existing medical armamentarium. Subsequently, implementation of PLG should
add to fewer complications and at the end a better patient outcome.

It is the authors’ belief that many patients, who are at risk for postoperative
bleeding, disturbed wound healing (e.g. diabetics), impaired bone growth, or
potentially infection sensitive procedures, should be offered PLG treatment as
their standard practice of care.

When all these terms are met with sufficient proof, then it will be
worthwhile to consider the incorporation of platelet-leukocyte gel applications
in medicine by health care providers, to treat suitable patients.

Strengths Weaknesses
* Preparation technique is validated * Long term viability of released growth factors unknown
* True product composition is confirmed * Long term effects on joint function recovery unknown
* High concentration of platelets are viable * No contained environmental studies 
* Growth factors can be released on demand * Growth factor receptor variables not studied
* Viable leukocytes are present * Effect of platelet drugs on growth factor release not studied
* Positive effect on blood loss, pain, bone * No uniform standardization of preparation techniques 

growth, joint function recovery, wound healing * Confusion on used terminology
* Anti-microbial properties * Cost savings not performed
* Can be performed repeatedly

Opportunities Threats
* Large application potential * Adoption of non-validated techniques
* Improving quality of life in wound care patients * Company driven activities
* Avoid postoperative complication to some extent * A vulnerable technique in the wrong hands
* Training of a dedicated professional * Few efforts for implementation
* Establish a school for PLG therapies * To few awareness
* Significant health care cost reductions are possible * Not regulated in health care reimbursement systems 

Summarized SWOT analysis results regarding platelet-leukocyte gel.
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ENGLISH SUMMARY

The purpose of this thesis was to provide basic information on features which
are important for the application of platelet-leukocyte gel (PLG), because
conflicting data have been reported in clinical studies and experimental
research on the efficacy of PLG treatment. A good understanding of proper
preparation techniques and application methods of autologous platelet growth
factor delivery is mandatory to avoid inconsistent results in outcome.

PLG is a substance containing a mix of platelet-rich plasma, leukocytes,
and thrombin, prepared from a unit of autologous freshly drawn whole blood.
PLG can either be applicated as a stand alone product, or can be added to
autologous bone or bone substitutes, to create a “bioactive” bone graft. Thrombin
will activate the platelet-leukocyte rich plasma (P-LRP), inducing the platelet
granules to release platelet growth factors. Because of the high growth factor
content, PLG is capable of executing the essential steps in wound healing by
potentially increasing collagen production and improving the integrity of the
wound repair. Furthermore, PLG is also capable in initiating bone growth. In
this thesis several studies are described to improve the knowledge on the basics
of PLG, and show it’s efficacy following some applications.

In chapter 1, an introduction to the term platelet-leukocyte gel and its
potential clinical effects on hemostasis, wound healing, bone growth, and
antimicrobial properties are given. Furthermore, the thesis outline is given.

A general review of the literature on platelet rich plasma and PLG gel is
illustrated in chapter 2. The preparation of platelet-leukocyte gel, platelet
growth factor functions, and some safety issues are addressed. Additionally, an
overview of some of the most recent publications in animal research and clinical
studies are discussed. 

In chapter 3, we studied three different methods to obtain PRP for the in-
vitro production of PLG. We examined the efficacy of platelet sequestration and
measured platelet activation, by measurng bèta-thromboglobulin concentrations
during the preparation procedure using a cell-saver/separator, table-top
centrifuge, and a platelet micro porous filtration device. Our findings indicated
that PRP can be sequestered and concentrated up to five fold from one unit of
predonated whole blood. Moreover, a comparison of the devices showed
differences in both quality of the P-LRP preparation method and quantity of
platelet growth factors released after thrombin activation. We could reproduce
consistent data regarding platelet growth factor release, specifically for Platelet-
Derived Growth Factor-AB (PDGF-AB) and Transforming Growth Factor-bèta
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(TGF-β). However, the filtration device generated concentrated, unfortunately
activated platelets, releasing their growth factors before preparing PLG.

Platelet growth factor release (PDGF-AB and TGF-β) and in particular
leukocyte kinetics were studied in chapter 4, using three methods of PRP
preparation employed for in-vitro preparation of PLG. The results indicated that
platelets can be harvested from whole blood with an increased concentration of
platelets in the P-LRP. Furthermore, the leukocyte concentration was also
increased in the P-LRP. Differential leukocyte analysis revealed that eosinophils
and basophils were not measurable after the preparation procedure, whereas
neutrophils, monocytes and lymphocytes were abundantly present in the P-LRP.
This was an important observation since neutrophils and monocytes are rich in
granules containing myeloperoxidase (MPO). This substance is involved in one
of the most important host defenses against infection, and is toxic to micro
organisms and fungi. In this study, MPO was not released during the PRP
preparation process when the cell-saver/separator and table-top centrifuge was
used. The use of the filtration device indicated leukocyte activation since MPO
was measured after the preparation process. We concluded that PLG might
have anti-microbial effects, contributing to bacterial killing and infection
prevention.

In chapter 5, an in-vitro study was performed with PLG made from
blood drawn from healthy volunteers, to study the potential bacterial killing
effect of PLG on cultures of Staphylococcus Aureus. This experiment showed
that PLG, activated with either autologous or bovine thrombin, has a
significant antimicrobial activity against S. Aureus. Although it did not result in
a total kill using the current set-up, it did reduce the absolute number of
bacteria to less than 1% of the controls, up to 8 hours after administration. From
this experiment is was not possible to unfold what the individual effects were of
the MPO and the antimicrobial peptides released from the platelets. PLG
application appears to be a potentially useful strategy against postoperative
infections.

In chapter 6, some clinical features of autologous PLG are illustrated and
a condensed literature review on some (new) typical directions for PLG
application were presented.

The results following PLG application in combination with platelet-poor
plasma wound sealing during total knee arthroplasty is presented in chapter 7.
Since total knee arthroplasty is often associated with a considerable amount of
postoperative blood loss, necessitating the transfusion of allogeneic blood, we
studied the effect of our perioperative blood management program in which we
used PLG and fibrin sealant. Patients in the treatment group had a significant
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higher postoperative hemoglobin content (11,3 versus 8,9 g/dl, respectively)
and a decreased need for allogeneic blood products (0,17 versus 0,52 units,
respectively) when compared to the control group. The incidence of wound
leakage, wound healing disturbance, and superficial wound infections were less
in patients managed with the blood management program. Furthermore,
hospital stay was reduced for patients treated with PLG and fibrin sealant. 

In chapter 8, the effect of PLG and fibrin sealant was evaluated with
regard to the development of the postoperative range of motion and the
incidence of arthrofibrosis following total knee arthroplasty. In treated patients,
the hemoglobin concentration decreased significantly less when compared to
the control group. Besides preventing bleeding and oozing, sealing of surgical
tissues also may contribute to lessened post surgical adhesions. Knee recovery,
with a greater knee flexion, occurred significantly earlier in treated patients. The
incidence of arthrofibrosis, up to 5 months after surgery, was significantly less
in patients in whom PLG and fibrin sealants were applied. 

In chapter 9, the results of applying PLG in shoulder decompression
operations are described. Predonated blood was collected to prepare
autologous PLG which was administered at the end of the surgical procedure.
The postoperative recovery of the PLG-treated patients and an equal number of
none treated patients was followed for 3 months. Patient self-assessment
evaluations, using the American Shoulder and Elbow Surgeons scoring of
activities of daily living, joint instability, pain levels and pain medications, and
clinical evaluations for range of motion were conducted. In patients treated
with PLG a more successful rehabilitation, with an earlier recovery of shoulder
function was noted. Furthermore, an earlier recovery of activities of daily living
was noted in PLG treated patients.

An experimental study in goats is described in chapter 10. We evaluated
bone in-growth in an experimental goat model. Two three-compartment cages
containing autogenous bone, calcium phosphate, and trabecular metal, were
implanted onto goat spinal transverse processes. One cage was immersed with
PLG prepared from autologous blood samples, an untreated cage served as a
control. At nine weeks the implants were retrieved. Bone growth in the PLG
treated autogenous bone and calcium phosphate samples was significantly
stronger compared to non treated cages, as determined by histological
examination and histomorphometric analysis. 

In chapter 11, the outcome of our PLG work is guardedly reviewed to
evaluate the present position of PLG applications in health care. The format
chosen to reassess our work was carried out with a SWOT analysis (Strengths-
Weaknesses- Opportunities- Threats). This analysis provides information for future
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perspectives in order to provide sufficient proof to incorporate platelet-
leukocyte gel applications in health care to treat suitable patients.

An addendum is provided to visualize the content of PLG. In chapter 4,
we could not measure any leukocytes after PLG activation. In order to provide
information on the presence of leukocytes in the PLG, we performed electron
microscopic imaging (EMI). This resulted in visualizing PLG clots with intact
lysosomal structures present in the neutrophils, monocytes, and lymphocytes.
Furthermore, release of platelet growth factors was induced within 20 minutes,
as imaged by EMI.
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NEDERLANDSE SAMENVATTING.

Het doel van dit proefschrift is om meer inzicht te verkrijgen in de factoren die van
belang zijn voor het toepassen van platelet-leukocyte gel (gel met bloedplaatjes en
witte bloedlichaampjes of PLG) omdat eerder al in klinisch en empirisch
onderzoek naar de doeltreffendheid van PLG-behandelingen strijdige gegevens
werden gerapporteerd. Een goed begrip van de juiste bereidingstechnieken en
toepassingsmethoden van autologe trombocytengroeifactoren is absoluut
noodzakelijk om onsamenhangende onderzoeksresultaten te vermijden.

PLG bestaat uit een mengsel van trombocyten- en leukocytenrijk plasma P-
LRP, leukocyten en trombine en wordt bereid uit een eenheid patient eigen vol
bloed. PLG kan alléén worden gebruikt, of als toevoeging aan autoloog bot, of
aan botvervangers om een “bioactief” bottransplantaat te creëren. Trombine
activeert het P-LRP en zorgt er dus voor dat de trombocytengranula
trombocytengroeifactoren vrijgeven. Door zijn hoge groeifactorconcentratie
kan PLG de essentiële fasen van het wondgenezingsproces versnellen, c.q.
stimuleren door een verbetering van de integrale wondheling en een potentiële
verhoging van de collageenproductie. Bovendien kan PLG ook de aanzet geven
tot botgroei. In dit proefschrift worden verschillende studies beschreven om de
kennis over de basiswerking van PLG te verbeteren en de doeltreffendheid
ervan aan te tonen aan de hand van een aantal toepassingen.

Hoofdstuk 1 geeft een inleiding op de term platelet-leukocyte gel, zijn
potentiële klinische invloed op hemostase, wondgenezing en botgroei en zijn
antibacteriële eigenschappen. Verder wordt ook de structuur van het proefschrift
gegeven.

Hoofdstuk 2 biedt een algemeen literatuuroverzicht over trombocyten- en
leukocytenrijk plasma en platelet-leukocyte gel. Hierin worden de bereiding van
PLG, de functies van trombocytengroeifactor en een aantal veiligheidskwesties
besproken. Bovendien wordt een aantal van de meest recente publicaties op het
gebied van dierenonderzoek en klinische studies bediscussieerd.

In hoofdstuk 3 bestuderen we drie verschillende methoden om P-LRP te
bereiden voor de in-vitro productie van PLG. Tijdens het bereidingsproces hebben
wij de doeltreffendheid van de afzondering van bloedplaatjes onderzocht en de
activering van de bloedplaatjes gemeten, door het meten van bèta-
tromboglobuline concentraties met behulp van een cell-saver/scheidingsapparaat,
een tafelcentrifuge en een microporeuze filter voor het concentreren van
bloedplaatjes. Naar onze ervaring kan P-LRP van één eenheid autoloog vol bloed
afgezonderd worden en tot vijf keer worden geconcentreerd. Verder werd bij een
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vergelijking tussen de toestellen duidelijk dat er verschillen bestonden tussen de
kwaliteit van de PRP-bereidingsmethode en de hoeveelheid trombocyten-
groeifactoren die vrijkwamen na de activering met trombine. We zijn tot
eenduidige resultaten gekomen over de vrijgave van trombocytengroeifactoren,
vooral voor Platelet-Derived Growth Factor-AB (PDGF-AB) en Transforming
Growth Factor-bèta (TGF-β). Het filter produceerde echter geconcentreerde, maar
geactiveerde, bloedplaatjes die groeifactoren vrijgaven vóór de bereiding van de
trombocytengel.

Hoofdstuk 4 gaat dieper in op de vrijgave van trombocytengroeifactor
(PDGF-AB en TGF-β) en vooral op de leukocytenkinetica; hierbij wordt gebruik
gemaakt van drie PRP-bereidingsmethoden voor het in-vitro bereiden van PLG.
Uit de resultaten is gebleken dat bloedplaatjes geoogst kunnen worden uit vol
bloed met een verhoogde concentratie bloedplaatjes in het P-LRP. Bovendien
was de leukocytenconcentratie in het P-LRP eveneens verhoogd. Uit een
differentiële analyse van de leukocyten bleek dat er geen eosinofielen en
basofielen aanwezig waren in het PRP na de bereidingsprocedure, terwijl er
grote hoeveelheden neutrofielen, monocyten en lymfocyten werden
vastgesteld. Dat was een belangrijke vaststelling, aangezien neutrofielen en
monocyten rijk zijn aan granula gevuld met myeloperoxidase (MPO). Deze stof
is werkzaam in één van de belangrijkste beschermingsmechanismen tegen
infecties en is giftig voor micro-organismen en fungi. Bij deze studie kwam
geen MPO vrij tijdens het P-LRP-bereidingsproces wanneer een cell-
saver/scheidingsapparaat en een tafelcentrifuge werden gebruikt. Het gebruik
van het filter duidde op de activering van de leukocyten, aangezien MPO
gemeten werd na het bereidingsproces. PLG heeft mogelijk ook antibacteriële
eigenschappen, waardoor het bacteriën kan doden en infecties kan helpen
voorkomen.

In hoofdstuk 5 wordt een in-vitro studie besproken die werd uitgevoerd
met PLG van bloed afkomstig van gezonde vrijwilligers; het doel van de studie
bestond erin de potentiële bacteriedodende eigenschappen van PLG te
bestuderen op kweken van Staphylococcus Aureus. Uit dit experiment is
gebleken dat PLG, geactiveerd met autologe of rundertrombine, een aanzienlijke
antibacteriële werking heeft tegen Staphylococcus Aureus. Hoewel de
bacteriën niet volledig werden gedood in de gebruikte opstelling, daalde het
absolute aantal bacteriën toch tot minder dan 1 % van de controlekweken tot 8
uur na toediening. Op basis van dit experiment konden we echter niet
achterhalen wat de individuele impact is van de MPO en de antibacteriële
peptiden die door de bloedplaatjes worden vrijgegeven. Het gebruik van PLG
lijkt een mogelijk nuttige strategie tegen postoperatieve infecties.
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In hoofdstuk 6 worden de kenmerken van autologe platelet-leukocyte gel
geïllustreerd. In ditzelfde hoofdstuk wordt tevens een beknopt literatuuroverzicht
gegeven over een aantal (nieuwe) specifieke toepassingen van PLG.

In hoofdstuk 7 worden de resultaten besproken van de toepassing van
PLG samen met trombocytenarm plasma bij totale knie vervanging. Aangezien
totale knie vervanging vaak gepaard gaat met een aanzienlijk bloedverlies na
de operatie, en dus transfusie van allogeen bloed vereist, hebben we de impact
van ons perioperatief bloedmanagementprogramma bestudeerd waarbij PLG en
fibrinelijm werden gebruikt. De patiënten in de behandelingsgroep hadden een
postoperatief hemoglobinegehalte dat aanzienlijk hoger lag (respectievelijk
11,3 tegenover 8,9 g/dl) en hadden minder allogene bloedproducten nodig
(respectievelijk 0,17 tegenover 0,52 eenheden) in vergelijking met de
controlegroep. De incidentie van wondlekkage, verstoorde wondgenezing en
oppervlakkige wondinfecties lag lager bij patiënten die behandeld werden in
het bloedmanagementprogramma. Bovendien verbleven patiënten die met PLG
en fibrinelijm werden behandeld minder lang in het ziekenhuis. 

In hoofdstuk 8 wordt de invloed geëvalueerd van PLG en fibrinelijm op de
ontwikkeling van de range of motion (bewegingsomvang of ROM) en de
incidentie van artrofibrose na een totale knie vervanging. Bij behandelde
patiënten daalde het hemoglobinepeil aanzienlijk minder in vergelijking met de
controlegroep. Naast het voorkomen van bloedingen en wond lekkage kan het
afdichten van operatieweefsel ook eventueel zorgen voor minder postoperatieve
verklevingen. Patiënten behandeld met PLG en fibrinelijm herstelden aanzienlijk
sneller en met een grotere ROM. De incidentie van artrofibrose lag tot vijf
maanden na de chirurgische ingreep aanzienlijk lager bij patiënten die met PLG
en fibrinelijm werden behandeld. 

In hoofdstuk 9 komen de resultaten van het gebruik van PLG tijdens
chirurgische schouderdecompressie aan bod. Er werd vooraf bloed afgenomen
om autologe PLG te bereiden die vervolgens op het einde van de chirurgische
ingreep werd toegediend in het wondgebied. Het postoperatieve herstel van de
met PLG behandelde patiënten en eenzelfde aantal niet-behandelde patiënten
werd gedurende 3 maanden opgevolgd. De patiënten evalueerden zichzelf aan
de hand van het scoresysteem van de American Shoulder and Elbow Surgeons
(met een score voor de dagelijkse activiteiten, de stabiliteit van de gewrichten,
hun pijnniveaus en de pijnstillers) en hun schouder functie werd klinisch
geëvalueerd. Bij patiënten die werden behandeld met PLG verliep de
revalidatie beter en was de schouderfunctie sneller hersteld. Bovendien konden
de met PLG behandelde patiënten sneller weer hun dagelijkse activiteiten
uitvoeren.
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In hoofdstuk 10 beschrijven we een experimentele studie, waarbij we botingroei
evalueerden in een experimenteel geitenmodel. Twee kooitjes met elk drie
compartimenten gevuld met autogeen bot, calciumfosfaat en trabeculair metaal
werden geïmplanteerd op spinale dwarsuitsteeksels van geiten. Eén kooitje werd
behandeld met PLG, bereid uit autoloog afgenomen bloed en het andere kooitje
deed dienst als controle. Negen weken later werden de implantaten verwijderd.
Uit histologisch onderzoek en histomorfometrische analyse bleken dat de botgroei
in met PLG behandelde autogene bot- en calciumfosfaatmonsters duidelijk groter
was dan bij niet-behandelde kooitjes.

In hoofdstuk 11 wagen we ons aan een voorzichtige evaluatie van de
resultaten van dit proefschrift onderzoek om een huidige stand van zaken op te
maken wat het gebruik van PLG in de gezondheidszorg betreft. Om ons werk
te evalueren hebben we gebruik gemaakt van de SWOT analyse (Strengths-
Weaknesses-Opportunities-Threats). Deze analyse levert informatie op voor
toekomstige perspectieven en is bedoeld om de integratie van het gebruik van
platelet-leukocyte gel in de gezondheidszorg voor de behandeling van geschikte
patiënten te staven.

In een addendum wordt de samenstelling van PLG gevisualiseerd. In
hoofdstuk 4 vonden we geen leukocyten na de activatie van PLG. Om beter
geinformeerd te zijn over de aanwezigheid van leukocyten in het PLG hebben
we foto’s van PLG bestudeerd met behulp van een elektronenmicroscoop.
Daarop was PLG weefsel te zien met lymfocyten en intacte lysosomale
structuren in de neutrofielen en monocyten. Bovendien bleek dat al na 20
minuten het merendeel van de trombocytengroeifactoren waren vrij gekomen.
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INTRODUCTION

The therapeutic use of autologous prepared platelet-leukocyte enriched gel
(PLG) is a relatively new technology in the stimulation and acceleration of soft-
tissue and bone healing. The efficacy of this procedure lies in the delivery of a
wide range of platelet growth factors, mimicking the physiological wound
healing and reparative tissue processes1,2. 

In earlier studies we confirmed the existence of high concentrations of
various platelet growth factors. Furthermore, differentiated leukocytes were
measured increased levels of neutrophils, lymphocytes, and monocytes in the
platelet-leukocyte rich plasma (P-LRP)3,4. 

Nevertheless, only few data are available on the exact content of the
cellular structures present in PLG5. Additionally, the platelet kinetics after
thrombin activation have not been documented. We used electron microscopic
imaging (EMI) to provide proof on the content of  PLG, and we assessed the
ultra structural platelet changes with regard to platelet growth factor release
from the platelet α-granules.

METHODOLOGY

In order to validate the cell structures in the PLG, to confirm the intracellular
platelet changes, and the subsequent release of platelet granules, we employed
EMI at two different stages after activation of P-LRP with thrombin. 

Venous peripheral circulating blood was drawn from healthy, none
medicated, volunteers. The collected blood was sequestered with the Angel™
whole blood processing system (Sorin Group, Mirandola, Italy) in P-LRP,
platelet poor plasma, and erythrocyte concentrate. 

P-LRP was activated with autogenous prepared thrombin to create PLG.
The PLG samples for the EMI procedures were prepared according to our

standard hospital protocol. Briefly, activated PLG was cutted into approximately
1 mm2 pieces and placed into a gluteraldehyde 2.5% buffer solution 0.1 M (pH
7.4) for one hour at room temperature, followed by a dehydration procedure
using graded ethanol concentrations. Thereafter, samples were prepared to be
embedded in resin. After polymerization, the plastic was removed. During the
cutting procedure, Specimen sections were obtained following a semi-thick
(0.5 μm) cutting procedure, followed by an ultra-thin cutting process to achieve
70 nm sections suitable for EMI.

The objective in the first study was to visualize and determine the total
cellular structures of PLG, and to verify the presence of platelet growth factors
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in the platelet α-granules. Samples for EMI were prepared exactly one minute
after mixing the P-LRP with thrombin to create PLG. At this stage the clot was
viscous enough to be cutted and prepared for EMI embedding. In the second
study, the same P-LRP activation protocol was followed and the platelet clot
was placed in a sterile Petri dish. EMI specimens were taken after clot lyses
occurred with fluid built up in the Petri dish, a sign for platelet degranulation.
This took about 20 minutes to occur.

RESULTS

In the first study, examinations of the specimen revealed a mixture of concentrated
and aggregated cells. Platelets were abundantly present, surrounded by
granulocytic neutrophils, monocytes, and lymphocytes. Most importantly, all
cellular structures were undamaged and the cell membranes of the platelets and
leukocytes were intact. Furthermore, fibrin strands were clearly visible in the entire
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Figure 1. In A, a section of an electron microscopic image of platelet-leukocyte gel, illustrates a

mixture of platelets, neutrophilic granulocyte, and fibrin strands present in. In B, a

close-up of platelet aggregates with filled platelet granules inside the platelet structures.

(Magnifications at 7000 x ).



PLG clot (Figure 1A). Inside the platelet structures, completely filled α-granules
were visible, indicating that shortly after P-LRP activation, platelet growth factors
are still present in the platelet cytoplasm (Figure 1B).

In the second study, after clot lyses had occurred, EMI confirmed the same
cell components as in study one. However, the platelet cell structures revealed
than more than 80% of the platelet · granules were empty, indicating the
release of platelet growth factors to the extra cellular milieu (Figure 2).
Furthermore, and most essentially, the leukocytic cellular structures were
undamaged and the cell membranes were intact, also after 20 minutes
following platelet activation. There were only minor signs of leukocytic
pseudopods development.

A closer examination of the granulocytic leukocyte structures revealed the
presence of vital lysosomal granules at magnifications of 7000 x (Figure 3). This
finding clearly indicate the presence of a high concentration of neutrophils and
monocytes, with vital and intact lysosomal granules containing myeloperoxidase.
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Platelet granules

Figure 2. Electron microscopic image of platelet cell aggregates in platelet-leukocyte gel after 20

minutes following activation. Platelet clot retraction occurred and the platelet granules

are emptied in the plasma. Eighty percent of the platelets released their growth factors

within this period. (Magnification at 12.000 x )



CONCLUSION

Our EMI data indicates that the preparation of P-LRP and the subsequent
creation of PLG can be performed under controlled conditions without (to
early) platelet activation, as shown by the data from study one. There was no
evidence of platelet activation and thus the platelet α-granule were filled and
no release of growth factors had occurred. When platelet structural changes
occur, growth factors are excreted to the platelet extracellular milieu, were they
might bind to their specific tissue cell receptors. 

Based on the data of study two, it is very important to understand that PLG
should be prepared exactly on time for clinical application to wounds,
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Figure 3. A magnification of a non activated neutrophilic white blood cell, with undamaged cell

structures like the cell membrane and the lysomal granules, containing myeloperoxidase.

(Magnification at 7000 x).

(Lys: lysosomal granules, Ps: pseudopods; C: cytoplasma; Hc: heterochromatin).



incisional wounds, or mixed with bone or bone substitutes. To early preparation
of PLG, with the result that the PLG product is not applied to tissues at the right
moment, will result in a significant loss of platelet growth factors. This most
likely results in no positive effects of PLG applications. This might be one of the
reasons why there is a discrepancy in some of the published articles on PLG
applications. Timing is essential to achieve the maximum exposure of platelet
growth factors to tissues.

The appearance of viable and non-activated neutrophils, monocytes and
lymphocytes in the PLG have been confirmed. Furthermore, the beneficial
effects as seen in chapter 5 of this thesis confirm an anti microbial activity of
platelet-leukocyte gel against bacteria. Based on these findings, we believe that
future research is justified to demonstrate a clinical effect of PLG in infection
prevention.
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WHAT DO WE USE: PLATELET-RICH GEL OR PLATELET-LEUKOCYTE GEL?

Sir:

We have read the Letter to the Editor by Bielecki, Gazdzik and Szczepanski,
“What do we use: Platelet-rich plasma or platelet-rich gel?”1. We agree with
their conclusions that the currently used terminology to describe the use of
autologous platelet growth factor applications is incorrect. Platelet-rich plasma
is an inactive substance, and platelets, containing growth factors and other
active substances, only release upon activation. However, we do not agree with
their suggestion to use the term “platelet-rich gel”. 

These authors state that platelet-rich gel might contain a substantial
amount of leukocytes and that it would be of interest to know whether white
blood cells would be present in the product which might be applied to bone or
fractures. At present, point-of care devices produce a buffy coat solution which
by definition contains platelet-rich plasma and leukocytes2,3.

We recently published a study on platelet growth factor release and
leukocyte kinetics following the preparation of a platelet-rich gel, consisting of
a high concentration of platelets, non activated leukocytes, and thrombin2. Our
study revealed that the total white blood cell count was significantly increased
when compared to peripheral circulating blood levels, and that substantial
amounts of neutrophils, monocytes, and lymphocytes are present in the gel.
These three white blood cell components play an important role in the immune
system and in the post-fracture bone healing processes4. Furthermore, the
neutrophils and monocytes contain granules filled with myeloperoxidase5, a
substance which contributes to anti-microbial activity of platelet-rich gel at the
site of application. This anti-inflammatory effect of the platelet gel might
explain the effects of buffered platelet-rich plasma application in the treatment
of chronic elbow tendinosis, as seen by Mishra and Pavelko6.

In conclusion, platelet-rich plasma is a buffy coat derived blood product
rich in platelets and leukocytes. After activation a gelatinous solution is formed,
which can be applied to tissues, releasing growth factors and depositing non
activated white blood cells at the tissues. We therefore would like to suggest a
more appropriate term “platelet-leukocyte gel” for this autologous derived
biological product.
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“Knowledge is of no value unless you put it into practice.”
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behorende bij het proefschrift:
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Platelet-Leukocyte Enriched Gel
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A novel method to support soft tissue and bone healing
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1. De veel gebruikte term “platelet gel” is een onvolledige benaming van
dit feitelijke product en doet te kort aan de eigenlijke samenstelling (dit
proefschrift).

2. Apparatuur om plaatjes rijk plasma te produceren kan soms leiden tot
ongewenste  thrombocyten activatie (dit proefschrift).

3. Het toepassen van autologe groeifactoren na een decompressie volgens
Neer leidt tot een sneller functie herstel en minder postoperatieve pijn
(dit proefschrift).

4. Het gebruik van autoloog geactiveerd plaatjes rijk plasma leidt tot een
bijna totale “bacterial killing” in Staphylococcus Aureus culturen (dit
proefschrift).

5. Na het toepassen van platelet-leukocyte gel in combinatie met fibrine
sealant na een totale knie vervanging, is het risico op wondgenezings-
stoornissen en het krijgen van donor bloed verminderd (dit proefschrift).

6. Het mengen van platelet-leukocyte gel leidt in een geiten model tot een
stimulatie van de botgroei (dit proefschrift).

7. De meest fundamentele ideeën van de wetenschap zijn in wezen
eenvoudig en kunnen in de regel worden uitgedrukt in een taal die voor
iedereen begrijpelijk is. (Albert Einstein 1879-1955)

8. Voor een juiste beoordeling van de effecten van bloed management
therapieën moet er niet alleen gekeken worden naar de eenvoudig
meetbare bloedbesparende effecten, maar vooral naar de lastig te meten
toename in de kwaliteit van zorg voor de patiënt en de lange termijn
voordelen voor het ziekenhuis.

9. Het toekennen van “papieren” budgetten“ aan afdelingen in de
gezondheidszorg, zal in vele gevallen niet lijden tot het gewenste
resultaat, behalve wanneer zij ook daadwerkelijk “de zak met geld”
kunnen beheren. 

10. Zij die kijken naar het verleden staan met de rug naar de toekomst.

11. De mortaliteit na een hartchirurgische operatie kan worden gereduceerd,
indien de patiënt, die aan de criteria voldoet, een hart (en/of long) assist
device krijgt.

12. Promoveren en duiken lijken veel op elkaar: men dient regelmatig tijd te
maken om adem te halen teneinde niet te verzuipen.

13. The older we get, the better we were.

14. Voor elk probleem is er een oplossing, als er geen oplossing gevonden
kan worden dan is het geen probleem maar een feit.

15. De Malediven komen en gaan. 

16. Kleine kinderen, kleine zorgen; grote kinderen, grote zorgen; veel
kinderen, veel zorgen.




